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Editorial on the Research Topic

Insights in Regulatory Science 2021

Fast entering in the third decade of the 21st century, and still dealing with a
challenging pandemic and other emerging health threats, anyone would agree that we
are living unique times in drug development and regulation. Exceptional discoveries
and advancements provide important inputs for the fast-growing domain of Regulatory
Science. These pharmaceutical achievements are impacting the lives of millions of people
all over the world but, should also be continuously reviewed and analyzed to ensure
developments reach the market that bring efficacious and safe solutions to where they
are most needed.

The acceleration of innovation is catalyzing the development of increasingly complex
medicines, health products and medical devices, encompassing different and new
technologies to promote, maintain and protect human health. To cope with these
growing challenges, different regulatory agencies have established an open dialogue
with stakeholders and prospectively planned strategies to enable developments in
Regulatory Science thatmay be translated into better access to patients of new therapeutic
opportunities in the everchanging landscape of health systems. In the Strengthening
Training of Academia in Regulatory Science (CSA STARS) project European regulators
engaged with academic drug researchers to improve translational success (1). Moreover,
many efforts are being put forward on the improvement of evidence generation and
quality of scientific assessments, on further collaborations with healthcare systems to
promote patient access to medicines, and on the active management of new health
threats, further integrating science and technology in medicines development.

Despite the known challenges in 2021, and the fight against the above-mentioned
health threats—namely COVID-19—the year was marked by important advancements
in new and innovative therapeutic options being brought to patients. Each year,
a wide range of medicinal products for human use are approved. Some of these
products have never been used in clinical practice and some represent “first in class”
medicines, while others are similar or related to products who have previously been
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granted amarketing authorization. Additionally, in 2021, several
extensions/variations to the original indication were granted,
offering patients new uses for already existing medicines. Last
year was an excellent year for the Food andDrug Administration
(FDA) with a total of 60 new medicines approved (including
36 small molecules and 15 biologics) (2). Of notice, of these 60
new molecular entities approved by the FDA, 49 used incentives
such as the ones deriving from the Orphan Drug Act or were
approved under other schemes such as Priority, Fast-Track,
Accelerated and/or Breakthrough designations (2). A close look
into the European Medicines Agency (EMA) data shows that
in 2021 the agency recommended 92 medicines for marketing
authorization with some of them representing significant
advancements in their therapeutic areas (3). Of these 92
medicines, three received a marketing authorization following
an accelerated assessment, 13 received a recommendation for
a conditional marketing authorization, four were authorized
under exceptional circumstances and 19 had their orphan
designation confirmed. Six of these medicines recommended for
marketing authorization by the EMA had PRIME designation
(an enhanced development support scheme provided by the
EMA that “aims at helping patients to benefit as early as possible

from promising medicines that target an unmet medical need, by

optimizing the generation of robust data and enabling accelerated

assessment”) (3). During 2021 another 14 medicines under
development were included in PRIME (3). These continuous
advancements in science, that translated into new therapeutic
opportunities in 2021, go hand in hand with other developments
namely in Regulatory Science.

With this Research Topic we wanted to capture some of the
Regulatory Science advancements that are of relevance, focusing
on new insights, novel developments, current challenges, latest
discoveries, recent advances, and future perspectives in the field
of Regulatory Science. Our goal was not only to shed light
on the progress made in the past years, namely 2021, but
also on some of the future challenges that Regulatory Science
faces, providing a thorough overview of relevant topics carefully
curated. We hope that this article collection will inspire, inform,
and provide direction and guidance to researchers with an
interest in Regulatory Science.

This Research Topic provides a unique mix of varied
contributions aggregating 24 articles resulting from the work of
151 authors, and divided between two “Brief Research Reports”,
nine “Original Research” articles, three “Perspectives” articles, six
“Policy and Practice Reviews”, one “Policy Brief”, two “Reviews”

and one “Study Protocol”. We took the editorial liberty of
selecting a few of these works to spark the interest of readers and
provide a substantiated glimpse of the state of the art in 2021.

Real world evidence continues to draw increasing attention
between stakeholders worldwide, due to the potential supportive
role in drug development and regulatory decision making. Li
et al. discuss the experience of integrating Real-World Evidence
in the Regulatory Decision-Making Process in the US, EU, and

China. At the same time, Maeda and Ng add the perspective of
Japan to this topic. One of the most downloaded original articles
of this Research Topic brings us the work of Dekker et al., who
assessed “to what extent women were included in all phases of

drug development; whether the clinical studies in the marketing

authorization application dossiers include information per sex;

and explored whether there are differences between women and

men in the drugs’ efficacy and safety”. The assessment of sex
proportionality in pre-clinical and clinical trials were performed
in 22 applications for marketing authorization submitted to the
European Medicines Agency (Dekker et al.). Several findings of
this study are of interest to the readers of this Research Topic
but the conclusion that the included number of women included
in the studies was, however, not always proportional to disease
prevalence rates is worth mentioning (Dekker et al.). These
conclusions provide further guidance to those directly involved
in the design of drug development.

There is also a chance to discuss the challenges of the
Pediatric Regulation in Europe (Toma et al.), the results from
the first multi-center European survey assessing the challenges
in transition from childhood to adulthood care in rare metabolic
diseases (Stepien et al.). Still in the topic of rare diseases and
acknowledging the peculiarity of the definition of “Significant
Benefit” introduced in the European Regulation for Orphan
Medicinal Products in 2000, a reflection on the definition of
“Satisfactory Methods of Treatment” relevant when assessing
the Significant Benefit where the Regulators perspective is
certainly extremely of special relevance. Since the notion of
Significant Benefit is specific to the European Union regulation,
it’s important that stakeholders developing products for rare
diseases are aware of these challenges here reported (Sheean
et al.).

Other trending topics include the ongoing discussions
on the use of biomarkers and companion diagnostics in
drug development and how regulatory agencies are dealing
with these developments (Orellana García et al.; Hendrikse
et al.), the assessment and integration of patient preferences
in assessing value in gene therapies (van Overbeeke et al.)
and also, an in-depth analysis of the current landscape of
implementation and access to Pre-exposure Prophylaxis for
Human Immunodeficiency Virus by Men Who Have Sex With
Men in Europe, that remains challenging and suboptimal despite
available medicines and strategies (Sepodes et al.). HIV is also
a pandemic we have been dealing with for many decades
and traditional prevention strategies but also treatment as
prevention are known available tools that could very well be
the game changers we hope to see implemented worldwide,
with the authors urging for further action in Europe (Sepodes
et al.).

The Research Topic also dedicates special attention to
developments in biologics (namely an important update on
Biosimilars by Barbier et al.), genetically modified organisms
(O’Sullivan et al.) and single-strain live biotherapeutic products
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entering First-in-Human Clinical Study, using feedback gained
by EMA and FDA (Paquet et al.).

Given the challenges ahead, it won’t come as a surprise
that 2022 and 2023 will nurture further developments in
Regulatory Science. Expectations remain high that we continue
to be able to integrate these developments to ensure medical
innovations translate more smoothly into the public health
domain and address medical needs of patients around the world.
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Objectives: In this paper, we investigated the effects of the European Paediatric

Regulation (EC) N◦ 1901/2006 with respect to satisfying the paediatric therapeutic

needs, assessed in terms of the increased number of paediatric medicinal products,

new therapeutic indications in specific high-need conditions (neonates, oncology, rare

disease, etc.) and increased number of paediatric clinical studies supporting the

marketing authorisation.

Methods: We analysed the paediatric medicinal products approved by the European

Medicines Agency in the period January 2007-December 2019, by collecting the

following data: year of approval, active substance, legal basis for the marketing

authorisation, type of medicinal product (i.e., chemical, biological, or ATMP), orphan drug

status, paediatric indication, Anatomical Therapeutic Chemical code (first-level), number

and type of paediatric studies. Data were compared with similar data collected in the

period 1996–2006.

Results: In the period January 1996–December 2019, in a total of 1,190 medicinal

products and 843 active substances, 34 and 38%, respectively, were paediatric.

In the two periods, before and after the Paediatric Regulation implementation, the

paediatric/total medicinal products ratio was constant while the paediatric/total active

substances ratio decreased. Moreover, excluding generics and biosimilars, a total of 106

and 175 paediatric medicines were granted a new paediatric indication, dosage

or age group in the two periods; out of 175, 128 paediatric medicines had an approved

Paediatric Investigational Plan. The remaining 47 were approved without an approved

Paediatric Investigational Plan, following the provisions of Directive 2001/83/EC and

repurposing an off-patent drug. The analysis of the clinical studies revealed that drugs

with a Paediatric Investigational Plan were supported by 3.5 studies/drug while drugs

without a Paediatric Investigational Plan were supported by only 1.6 studies/drug.
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Discussion: This report confirms that the expectations of the European Paediatric

Regulation (EC) N◦ 1901/2006 have been mainly satisfied. However, the reasons for

the limited development of paediatric medicines in Europe, should be further discussed,

taking advantage of recent initiatives in the regulatory field, such as the Action Plan on

Paediatrics, and the open consultation on EU Pharmaceutical Strategy.

Keywords: EU paediatric regulation, paediatric medicines, paediatric age, therapeutic areas, paediatric

clinical studies, paediatric repurposing, orphan paediatric medicines

INTRODUCTION

In Europe, children represent more than 20% of the population,
with about 100 million people aged < 19 years. Notwithstanding
this, more than 70% of marketed drugs do not include a
paediatric authorisation and havenot been properly tested and
presented for the paediatric population (1, 2).

There are several aspects behind the shortage of paediatric
medicines. Many issues affect the research and development of
children’s medicines, including: ethical concerns and difficulties
of informed consent and assent management (3), no clear criteria
for evaluating the potential risks of children’s exposure in a trial,
the cost of paediatric clinical trials, which are higher than clinical
trials with adults due to the multiple paediatric population to
be included (4), challenges in recruitment for paediatric trials,
difficulties in trial design (i.e., small numbers of eligible patients
and lack of appropriate age-matched controls), etc.

With the aim of handling these concerns and assuring
that children have safe access to both old and new medicinal
products (MPs), the European Paediatric Regulation (EC) N◦

1901/2006 (5) (Paediatric Regulation) entered into force on 26th
January 2007.

The Paediatric Regulation established the European
Medicines Agency-Paediatric Committee (EMA-PDCO)
and made a Paediatric Investigational Plan (PIP) mandatory,
prescribing studies in the paediatric population whose results
have to be included in the Marketing Authorisation (MA)
documentation unless a waiver is granted. It is also possible to
grant a deferral in order to delay the results of some studies.
These provisions apply to any new or in patent drug for which
a MA or a MA variation is requested (articles 7 and 8 of the
Paediatric Regulation). To compensate for the burden of this
requirement, incentives are available to the industry, including a
6-month extension of the supplementary protection certificate
and an additional 2 years of market exclusivity for paediatric
orphan medicinal products (p-OMPs).

Furthermore, the Paediatric Regulation introduced a new type
of MA, the Paediatric Use Marketing Authorisation (PUMA),
which is a voluntary procedure, offering 8 plus 2 years of data and
market protection to any off-patentmedicinal product developed
for exclusive use in the paediatric population.

The Paediatric Regulation allows exceptions to articles 7 and
8 (6), such that off patent products can be granted a MA under
Directive 2001/83/EC (7) instead of applying for a PUMA.
Directive 2001/83/EC includes provisions relating to generics,
biosimilars or hybrid products, as well as well-established active

substances for medicinal use and combinations of substances, in
case a new indication or other variations are required.

In all these cases, a paediatric marketing authorisation is
allowed but a PIP application is not mandatory, and paediatric
studies are required case-by-case under the responsibility of the
European Medicines Agency’s (EMA’s) Committee for Medicinal
Products for Human Use (CHMP).

Previous reports and studies have described the progress made
in Europe in fostering the approval of paediatric medicines after
the setting up of the EuropeanMedicine Agency and the entering
into force of the Paediatric Regulation.

Ceci et al. (8), pointed out the positive effect of the EMEA
(now known as the EMA) Centralised Procedure and underlined,
in particular, that “under the EMEA centralised procedure,
several ASs have been licensed for children. Consequently,
serious and life-threatening diseases such as AIDS and diabetes
are now treatable” and that “the percentage of paediatric
medicines approved in a few years by the EMEA was significantly
higher than the percentage of paediatric medicines approved
under the National or Mutual Recognition European procedures,
(33 vs. to 13.2%).” It concluded supporting the setting up of an
EU paediatric initiative similar to that already existing in the
Food and Drug Administration (FDA).

In a second paper, Ceci et al. (1), underlined that after 10
years of the EMA Centralised Procedure application, the global
percentage of paediatric medicines on the total of MPs was
similar (33.2%) to that one showed in the previous report,
with a limited number of paediatric MPs (p-MPs) for younger
children and therapeutic areas such as neurology and oncology;
an increased number of paediatric p-OMPs (56% of the total
OMPs) was observed too. The number of medicines with a whole
developmental paediatric clinical plan presented at the time of
the MA application was also found increased.

More recently other reports and publications (9–14), also
recognised how the provisions established by the Paediatric
Regulation have been implemented, underling the setting
up of the Paediatric Committee and the submission and
completion of more than 1.000 PIPs by the end of 2018 (12)
with variable percentages across therapeutic areas. Particularly
relevant was considered the increased number of marketed
paediatric medicines and the high quality of paediatric clinical
trials and studies (13).

However, some limitations have been also underlined in these
publications and in the analyses done by EMA and the European
Commission (EC), i.e., the low coverage of relevant paediatric
therapeutic needs (neonates, orphan diseases, neurology), the

Frontiers in Medicine | www.frontiersin.org 2 February 2021 | Volume 8 | Article 59328110

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Toma et al. Paediatric Medicines in Europe

FIGURE 1 | Trend of EMA medicines from January 1996 to December 2019. The blue line represents the medicinal products, the orange one the active substances,

the grey one the paediatric medicinal products, and the yellow one the paediatric active substances.

delay in developing innovative medicines in comparison with the
adults innovative MPs, and the very low interest by the sponsors
in approaching incentives offered by the Regulation mainly with
reference to the PUMA scheme (only six PUMA authorised by
the end of 2018) (12).

Moreover, it is to be considered that only paediatric medicines
approved under the Paediatric Regulation provisions are
included in these papers, reports and evaluation documents,
while it would be of interest to consider the whole paediatric
medicines framework as evolving in these years. Also,
comparisons by different periods are very limited and specifically
included in only one publication (13).

The aim of this report is to analyse the pattern of the paediatric
medicines approved by the EMA, assessed in terms of the rate of
increase of paediatric medicinal products (p-MPs) compared to
total, annual increase of approved new paediatric medicines, new
therapeutic indications in specific high-need therapeutic areas
(neonates, oncology, rare diseases, etc.), and the number and
completeness of paediatric clinical studies supporting the MA.

MATERIALS AND METHODS

Sample
The study sample consisted of p-MPs approved by the EMA
in the period 26 January 2007–31 December 2019. p-MPs are
MPs that include a therapeutic indication for one or more
paediatric ages (from birth to <18 years) in the Summary
Product Characteristics and Package Leaflet, and/or a specified
dosage by age. This encompassed any p-MP’s first approval and
any paediatric variation of a MP that was already marketed.

TABLE 1 | Number of p-MPs and p-ASs before and after the Paediatric

Regulation.

1996–2006 2007–2019 Total

TOTAL MPs 314 876 1,190

TOTAL p-MPs 109 296 405

p-MPs/MPs ratio 35% 34% 34%

TOTAL ASs 238 605 843

TOTAL p-ASs 106 216 322

p-ASs/ASs ratio 45% 36% 38%

Comparison was made with p-MPs approved by the EMA in the
period 1996–2006.

Source
The search for EMA paediatric medicines was performed on
the European Paediatric Medicines Database (EPMD) (15),
managed by TEDDY—European Network of Excellence for
Paediatric Research. The EPMD gathers data on p-MPs receiving
a centralized MA since 1996, deriving information from EMA
official sources (16). The search was performed in the period
January 2020–February 2020.

Data Collected
For each p-MP, the following data were considered: year
of approval, active substance (AS), legal basis for the MA
submission; type [chemical, biological or Advanced Therapy
Medicinal Product (ATMP)], orphan drug status, paediatric
indication, age for which the drug is intended, Anatomical
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FIGURE 2 | Medicinal Products and Active Substances increase rate from 1996 to 2019.

Therapeutic Chemical (ATC) code (first-level), number and type
of paediatric studies included in the marketing authorisation
package [i.e., Pharmacokinetics/Pharmacodynamics (PK/PD),
efficacy/safety, other studies including observational,
extrapolation, modelling, and simulation].

Data Analysis and Statistical Methods
The total number and the annual estimated increase rate of
paediatric/not-paediatric MPs and ASs were considered for the
whole period and for the period before and after the Paediatric
Regulation entered into force. A linear regression method was
used for the longitudinal analysis of each dependent variable.
The analysis of covariance (ANCOVA) was proposed to compare
the regression lines: if the p-value of the interaction was <0.05,
the two slopes were different, and a one unit change in the
time (year) was associated with a different mean chance in the
response variable.

Differences, in terms of new paediatric indication, age
groups, orphan indication, number and type of paediatric
studies, were analysed in two groups—p-MPs approved under
the Paediatric Regulation and p-MPs approved outside the
Paediatric Regulation– and described using both descriptive and
inferential statistics.

RESULTS

EMA Approved MPs/ASs
In December 2019, with the exclusion of withdrawn products,
a total of 1190 MPs, corresponding to 843 ASs, were on the

market in Europe, authorised under the Centralised Procedure.
Of these, 405 MPs (34%), corresponding to 322 ASs (38%), were
also approved for children (Figure 1).

More specifically, during the period 2007–2019, 296 MPs
(34%) and 216 ASs (36%) were approved as paediatric medicines,
demonstrating that the p-MPs/MPs ratio remained stable while
the p-ASs/ASs ratio decreased compared to the previous period
(1996–2006) (Table 1).

Increase Rate of Approved MPs/ASs
The annual trend for increase is shown in Figure 2 and
demonstrates a relevant increase of MPs approved by the EMA
since the set-up of the Agency, while the average annual increase
of both p-MPs and p-ASs is significantly lower.

Regulatory Details of p-MPs and p-ASs
Of a total of 296 p-MPs (corresponding to 216 p-ASs), 136
(130 ASs; 45.9%) were approved following the provisions of the
Paediatric Regulation after having submitted a PIP; of these, only
27 had completed the PIP at the time of approval.

The remaining 160 p-MPs (86 ASs; 54.1%) were approved
according to Directive 2001/83/EC without submitting a PIP.

Exceptional MA
A total of 33 paediatric drugs underwent a fast track approval
(exceptional circumstances, conditional approval, accelerated
assessment), 9 in the no-PIP group. In both groups, anticipated
MAs have been granted mainly in case of OMPs for inborn errors
of metabolism, followed by blood and oncology indications.
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TABLE 2 | PIP and no-PIP paediatric medicines characteristics.

PIP GROUP (p-MPs 136/p-ASs 130) no-PIP GROUP (p-MPs 160/p-ASs 86)

art. 7-new

products

art. 8-in patent

products

art. 30-off patent

products

Generics

(art. 10.1)

Biosimilar

(art. 10.4)

Hybrid and well-established use

(art. 10.3, art 10a, art 10b, art 10c)

p-MPs 92 38 6 71 31 58

p-ASs (new)* 88 34 6 0 0 47

Biol/ATMPs 53 21 0 0 0 11

p-OMPs 35 6 0 0 0 16

AM** 65 2 0 3 19 11

CA*** 23 1 0 0 0 9

*ASs granting new paediatric indication, dosage, age group; **additional monitoring; ***conditional approval, including also exceptional circumstances and accelerated assessment.

Additional Monitoring
The number of paediatric medicines licensed with the request of
receiving an additional monitoring was very high (67/136 (49%)
in the PIP group and less in the no-PIP group. No mention
of the follow up of these studies is included in any official
data sources.

New Paediatric Medicines Characteristics
On a total of 296 p-MPs, 175 have been granted a new paediatric
indication, 128 in the PIP group and 47 in the no-PIP group. Of
these, 126 have received a new indication and 49 an extension of
a previous approved indication (from adults or other paediatric
age), also associated with a new dosage calculation (3) or a new
formulation (7). Details are reported in Table 2, Figures 3, 4 and
described here.

Paediatric Age Groups
Figure 3 shows the number of paediatric medicines authorised
for each age group, as defined by the ICH-E11 guideline (17).
It is noteworthy that, notwithstanding that the number of PIPs
including neonates and infants has increased in the last 10 years
(9), the number of p-MPs approved for preterm and term new-
born and infants remains very low, and only 38 medicines cover
the all age groups of the paediatric population, 24 (19%) in the
PIP group and 14 (30%) in the no-PIP group.

ATC Category
Paediatric drugs belong to 14 ATC first-level categories.
The percentage of paediatric drugs for each therapeutic area
significantly varies among ATC codes: J-ATC (anti-infectives
for systemic use) represents the group with the highest ratio
(21%) of the total number of authorised medicines, while D-ATC
(D—Dermatologicals) represents the lowest ratio.

In the period 2007–2019, 31 oncology p-MPs were approved,
whereas there were only 17 in the 176 previous period. Figure 4
provides additional details.

Biological Drugs
Biological drugs have been approved for treatment of
rheumatologic diseases (including juvenile idiopathic arthritis
and Lupus Erythematosus) and for treatment of hepatitis C
and HIV infection. In the no-PIP group, paediatric indication
extension to cover all the paediatric ages has been granted to

the adults’ products Hizentra R© and Privigen R© for treatment of
immunologic deficiency syndromes.

In the PIP group, three new approved advanced therapies
have been granted: Zynteglo R©, for beta-thalassaemia, Kymriah R©

for treatment of Lymphoma and Large B-Cell and Luxturna R©

indicated for the treatment of patients with vision loss due to
inherited retinal dystrophy.

Drugs for Orphan Disease
57/175 medicines are p-OMPs. Six of them are for neonates and
premature newborns, all except one belonging to the no-PIP
group. Other interesting drugs in both PIP and no-PIP groups
include medicines for neurological disease (neonatal apnoea,
juvenile epilepsy, and optic hereditary atrophy), inborn errors
of metabolism and cancer. Of these, many drugs have been
repurposed from previous old and adults not orphan indications.

Paediatric Studies
The analysis was performed on the studies presented in the MA
dossiers at the time of the first MA submission. A total of 530
paediatric studies were part of the MA dossiers, of which 454
(86%) were granted within a PIP and 76 (14%) were granted
without a PIP.

The main difference between the medicines of the
PIP group and those of the no-PIP group was the
number of paediatric studies by each drug. In the no-
PIP group, the ratio of studies/product corresponds to
1.6 compared to 3.3 in the PIP group. In addition, in the
no-PIP group only 34% of medicines have a complete
paediatric developmental plan. This limitation is also
evident in the case of p-OMPs approved under the Directive
2001/83/EC procedure. Details of paediatric studies are reported
in Tables 3, 4.

Comparison of p-MPs and p-ASs Approved Before

and After the Paediatric Regulation Approval
To summarise, a comparison was finally made on the two
Centralised EMA procedure periods, with reference to some
selected indicators of progress in the approval of paediatric
medicines. Results are presented in Table 5.
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FIGURE 3 | EMA paediatric medicines distributed by age groups, and PIP/no-PIP group.

DISCUSSION

The current paper demonstrates that after 12 years of the
Paediatric Regulation being in force, the trend for paediatric
medicines is stable compared to p-MPs authorised before 2007.
However, when considering the number of ASs, we noted a
decreased percentage of p-ASs compared to the period before
2007. More specifically, the average annual increase of both
p-MPs and ASs is different and significantly lower in the
case of p-ASs. Moreover, among the p-ASs, only a limited
percentage represent “new” paediatric medicines. In fact, our
data demonstrate that more than 1/3 of products are generic
or biosimilar products not including new paediatric indications,
dosages or age groups.

Another interesting result of our analysis derives from the
comparison of two different groups of EMA approved paediatric
medicines. The first group is represented by the medicines that
have been granted a PIP according to the Paediatric Regulation
procedure. This group represents < 50% of all paediatric
medicines. The second group includes medicines granted a
centralised MA under Directive 2001/83/EC without submitting
a PIP (the no-PIP group). Of these, 106 (corresponding to
41 ASs) are generics and biosimilars, and do not include new

paediatric characteristics, while the remaining medicines were
repurposed products which included new paediatric indications,
age extension or new dosage.

The new p-MPs approved under the Paediatric Regulation
provisions include advanced therapies, with more biological
products than chemical ones, demonstrating that innovative
medicines are increasingly promoted for children when
developed in the framework of an ad hoc PIP. Most biologicals
with a paediatric indication belong to the class of antineoplastic
and immunomodulating agents, even if there was only a limited
increase of neonatal and oncology p-MPs, and no increase in
neurology p-MPs was found compared to that reported in the
research conducted up to 2006 (1).

As in the previous report (1), the ratio of p-OMPs/total OMPs
is higher than in case of not orphan MPs, corresponding to 40%
and globally the number of p-OMPs has raised to 57 approved
paediatric orphan indications from the previous 13 indications.

With reference to the expected increase of paediatric
trials and studies, it is encouraging that 70% of p-MPs that
received a PIP approval include the full range of the 3
phases of clinical studies in the MA dossier. This allows
us to conclude that receiving a PIP allows MA holders to
provide good and complete data on efficacy and safety in
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FIGURE 4 | EMA paediatric medicines divided by ATC code (first-level), and PIP/no-PIP group.

TABLE 3 | Paediatric studies by study type.

Study type Studies in the PIP group Studies in the no-PIP group Studies in the p-OMP

PIP group*

Studies in the p-OMP

no-PIP group*

PK/PD 161 18 48 3

Efficacy/safety 178 21 71 9

PK/PD/Efficacy/Safety 89 27 34 8

Observational/Metanalysis 10 5 5 4

Extrapolation/Modelling/simulation 18 5 5 0

Total 456 76 163 24

*p-OMPs have also been counted in the previous columns.

children, even if a high number of trial results are still
incomplete at the time of submission of the MA. This also
supports data from the 10-year review of the Paediatric
Regulation carried out by the EC in 2017 (9) that recognized
a significant increase in the number of studies supporting a
paediatric indication.

On the other hand, this ratio is much higher than that
one observed in p-MPs approved outside the Paediatric
Regulation (34%). The no-PIP group is globally less
supported by robust results of paediatric studies, even
in the case of orphan paediatric indications (only 24
studies for a total of 16 products). Some drugs, following
a hybrid application, were introduced on the EU market
without submitting the results of any new study. Additional
considerations should be given to the limited presence in
the MA dossiers of paediatric studies, such as extrapolation
and modelling & simulation studies, which are currently

promoted at scientific and regulatory level in support of
traditional studies in order to reduce the burden of the
drug development process and accelerate the time to the
market (18–21).

Finally, we considered the very high number of medicines
submitted to the additional monitoring procedure in both the
PIP and no-PIP groups. It is questionable whether this represents
a consequence of incomplete data at the time of the MA.
Same consideration can be done with reference to fast track
approvals, which have been granted to almost 20% of paediatric
medicines. This aspect has never been analysed in any paediatric
medicine publication or official reports with reference to both
the PIP and no-PIP groups, requiring a follow-up action to
collect additional information on the paediatric medicines post-
marketing phase.

Moreover, from the analysis of the group of paediatric
medicines approved outside the Paediatric Regulation (no-PIP
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TABLE 4 | Paediatric studies characteristics.

Studies by MP p-MPs in the PIP

group (128–100%)

p-MPs in the no-PIP

group (47–100%)

p-value* p-OMPs in the PIP

group** (41–100%)

p-OMPs in the no-PIP

group** (16–100%)

p-value*

Study population including only children 77 (60%) 19 (40%) 0.020 24 (59%) 6 (38%) 0.153

All 3 phases studies 89 (70%) 16 (34%) < 0.001 34 (83%) 4 (25%) <0.001

No. of studies by approved drug 3.3 1.6 – 4.0 1.5 –

*Chi-square test; **p-OMPs have also been counted in the previous columns.

TABLE 5 | Main indicators before and after the Paediatric Regulation.

Indicators 1996–2006 2007–2019 1996–2019

No. of new p-ASs 106 175 281

No. of new p-ASs/year 10.6 14.6 12.7

p-ASs/ASs rate 45% 29% 33%

p-OMPs/p-MPs 13/109 57/296 70/405

No. of medicines covering the whole paediatric population 18 (17%) 38 (22%) 56 (19.5%)

No. of ATC first-level categories covered 14 14 14

No. of paediatric antineoplastic and immunomodulating agents 17 (16%) 31 (18%) 48 (17%)

No. of neonates and infants MPs 26 (25%) 37 (21%) 63 (23%)

% of approved drugs including a whole clinical developmental plan (three phases) 51.6% 60% 55.8%

% of only children trials 52% 53% 52.5%

% of medicines approved with no paediatric trials 8.1% 9.1% 8.6%

group), following hybrid or well-established use procedures, we
derived additional interesting results. The majority of medicines
in this group represents old off-patent medicines repurposed for
paediatric use and allowing (a) therapeutic indication extension
to uncovered paediatric ages including neonate (6 on 7 neonates,
preterms or infants approvedMPs are from no-PIP group), or (b)
new indication, and (c) implementation of p-OMPs (16 orphan
indication of interest for children including for the treatment of
rare cancers and for genetic and neonatal diseases).

We can conclude that old medicinal products could give in the
field of paediatricmedicines a relevant contribution also reducing
the off-label use of adults’ medicines, largely affecting children
in many paediatric ages and serious diseases. This value is also
recognised at regulatory level since medicines in the no-PIP
group share with medicines in the PIP group an high rate of MA
granted under exceptional circumstances (accelerated assessment
and conditional approval) that are special regulatory procedures
granted if there is the need to go rapidly to the market for reason
of patients serious conditions and needs.

On the basis of these considerations, we conclude that the
expectation of the Paediatric Regulation to provide the paediatric
population with safe access to older and innovative drugs has
been substantially met. However, some limitations have been
also underlined that correspond to what also discussed in recent
publication and, in particular, in the analyses done by EMA
and the European Commission concluded with the proposal to
address modification of the Paediatric Regulation.

In particular, this paper underlines that a significant number
of off-patent drugs were approved for paediatric use outside of the
obligation to submit a PIP and to address the PDCO opinion. For

these products, a PUMA application is foreseen in the Paediatric
Regulation, but our data confirm that sponsors prefer to apply
under the simplified procedure of Directive 2001/83/ECwhere an
off-patent drug is concerned. These medicines also cover relevant
therapeutic needs (including neonates, oncology, and orphan
diseases) and have a special role in practically reducing the off-
label use of adults’ medicines. However, inmany cases these drugs
are approved for a completely new paediatric indication but the
clinical evidence accumulated before the approval is very scarce
and significantly inferior to what existing in case of the drugs that
have been granted a PIP.

These and other aspects should be part of the ongoing
discussions and relevant initiatives in the regulatory field
such as the Action Plan on Paediatrics (10) and the open

consultation on EU Pharmaceutical Strategy (11), from which
it is anticipated that revision of both paediatric and orphan drug
regulations will be implemented.

We can consider these initiatives as a great opportunity
to further implement the Paediatric Regulation results
and to identify the right framework to support the
research for more safe and innovative paediatric medicines
in Europe.
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Inherited Metabolic Diseases (IMDs) are rare diseases caused by genetic defects in

biochemical pathways. Earlier diagnosis and advances in treatment have improved the

life expectancy of IMD patients over the last decades, with the majority of patients now

surviving beyond the age of 20. This has created a new challenge: as they grow up, the

care of IMD patients’ needs to be transferred from metabolic pediatricians to metabolic

physicians specialized in treating adults, through a process called “transition.” The

purpose of this study was to assess how this transition is managed in Europe: a survey

was sent to all 77 centers of the European Reference Network for Hereditary Metabolic

Disorders (MetabERN) to collect information and to identify unmet needs regarding the

transition process. Data was collected from 63/77 (81%) healthcare providers (HCPs)

from 20 EU countries. Responders were mostly metabolic pediatricians; of these, only

∼40% have received appropriate training in health issues of adolescent metabolic

patients. In most centers (∼67%) there is no designated transition coordinator. About

50% of centers provide a written individualized transition protocol, which is standardized

in just ∼20% of cases. In 77% of centers, pediatricians share a medical summary,

transition letter and emergency plan with the adult team and the patient. According to our

responders, 11% of patients remain under pediatric care throughout their life. The main
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challenges identified by HCPs in managing transition are lack of time and shortage of

adult metabolic physician positions, while the implementations that are most required

for a successful transition include: medical staff dedicated to transition, a transition

coordinator, and specific metabolic training for adult physicians. Our study shows that

the transition process of IMD patients in Europe is far from standardized and in most

cases is inadequate or non-existent. A transition coordinator to facilitate collaboration

between the pediatric and adult healthcare teams should be central to any transition

program. Standardized operating procedures, together with adequate financial resources

and specific training for adult physicians focused on IMDs are the key aspects that

must be improved in the rare metabolic field to establish successful transition processes

in Europe.

Keywords: rare disease, inherited metabolic disease(s), transition process, challenge, adulthood (18 years and

older), continuity of care, adult metabolic patient

INTRODUCTION

Inherited Metabolic Diseases (IMDs) encompass an expanding
and comprehensive group of rare diseases caused by inherited
defects in various biochemical pathways. Currently, IMDs
include more than 1,400 different genetic diseases (1) that
can be classified into 130 biochemical groups according to
the underlying metabolic pathway (2). The first symptoms of
IMDs are often non-specific and overlap with more common
disorders, which delays diagnosis and frequently results in organ
dysfunction or failure. Although the individual incidence is low
(from 1 in 10,000 to 1 in 1 million), the cumulative incidence
of all IMDs is high, ranging from 1 in 800 to 1 in 2,500 new-
borns (3–8).

Clinical presentation and course of IMDs are variable,
spanning from acute life-threatening metabolic decompensation
in the new-born period (e.g., hyperammonemic encephalopathy)
to a slowly progressive disease with initial symptoms manifesting
only in adulthood (9). Given the progressive nature of IMDs,
early diagnosis and treatment initiation are extremely important,
as this can slow down or even halt the progression of the
disease. In addition, because of the variability and complexity
of IMDs, highly specialized, experienced, and coordinated
multidisciplinary teams are required in order to minimize
negative health effects and to sustain patients’ quality of life.

Earlier diagnosis and advances in treatment have much
improved the prognosis and life expectancy of IMDs over the
last decades, meaning that more than 90% of rare metabolic
patients will survive beyond the age of 20 years (10, 11).
Moreover, the expanded use of next generation sequencing both
widens the phenotypic spectrum within known diseases and
reveals new IMDs. However, the increased survival has created
a number of new issues and challenges: the development of long-
term age-related complications, the metabolic progression of the
underlying condition, and the lack of data on the natural course

Abbreviations: AOA, amino and organic acids related disorders; C-FAO,
carbohydrate, fatty acid oxidation and ketone bodies disorders; HCP, healthcare
provider; IMD, inherited metabolic disease; TPWG, transition project working
group; SNW, subnetwork; WP, work package.

of the disease. These new challenges require the care of adolescent
IMD patients being transferred from metabolic pediatricians
to metabolic physicians specialized in treating adults to an
increasing extent, including the development and coordination
of a multidisciplinary team for each individual IMD (12). An
adult metabolic team is defined as a core multidisciplinary group
consisting of the following health professions: adult physician,
specialized nurse and/or patient coordinator, metabolic dietician,
and with access to other sub-specialists.

The transition process is critical to ensure that adolescent
patients with IMDs obtain the best quality of life possible as
adults. Also, patients and families need to become empowered
and take full responsibility of their disease. To this end, an
appropriate and gradual transition program is pivotal: patients
need to be informed and accompanied step-by-step as they
gradually switch from a pediatric care in which doctors and
caregivers are responsible for the patient—from organizing
medical visits to buying medications—to an adult care in which
the patient is aware of all the precautions and treatments
to manage her/his condition (under control) and avoid
deterioration. Only through a successful and gradual transition
program will an IMD patient become fully independent and
capable of taking life-long care of her/his health (13).

Transitional care has been defined as “the purposeful, planned
movement of adolescents and young adults with chronic physical
and medical conditions from child-centered to adult-oriented
health care systems” (14). But up to now little has been
done to ensure that transition in IMDs is performed in a
formalized, standardized, and authoritative manner. Although
current literature on transition for chronic diseases in general
is quite extensive (15–17), for IMDs only a few centers have
created specific transition guidelines (12, 18, 19). In addition,
an overview of the different transition practices and challenges
in Europe has never been attempted. The collection of these
important data can serve as a starting point for common
European transition best practice recommendations.

The European Reference Network for Hereditary Metabolic
Disorders (MetabERN), established in 2017, connects centers
specialized in rare metabolic diseases at EU level; it represents
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77 healthcare providers (HCPs) from 23 EU Member States
and 44 patient organizations. It is also endorsed by the Society
for the Inborn Errors of Metabolism (SSIEM). Overall, the
network follows almost 33,000 IMD patients (16,586 adults and
16,277 pediatric patients as of November 2020). MetabERN is
organized in nine work packages (WP) and in seven subnetworks
(SNW), each SNW being specific for the metabolic defects
and/or pathways involved in the disease (for details please
refer to https://metab.ern-net.eu). TheWP9, representing patient
empowerment, has highlighted the need to take urgent care of the
transition process. In 2019, MetabERN and SSIEM organized a
webinar in which four MetabERN centers presented their own
program on transition. Then, in the context of the WP4 on
Guidelines, Care Pathways and Standardization for Medical Care
and Transition, MetabERN established the Transition Project
Working Group (TPWG), which is led by referral experts in the
field in collaboration with the associations of patients.

As a first step in its activities, the TPWG has investigated
how the transition process is currently organized in European
metabolic centers, in particular what transition programs
currently exist, whether there is any reimbursement for
metabolic patients available, and how the transition process
could be supported further to facilitate smooth transition for
metabolic patients.

For this purpose, a survey was created and sent to all
the MetabERN centers to collect information and to identify
unmet needs. The survey covered not only medical, but also
organizational, structural, social, administrative and educational
issues in order to explore and assess potential difficulties in the
organization of an efficient transition process from the point of
view of physicians dealing with patients with IMDs. This initial
overview of the current status of transition in Europe is essential
to raise awareness on the issue at a national and European level.

MATERIALS AND METHODS

The Survey Monkey platform was used to design the survey
and collect the data. Invitations with the link to access the
platform were sent via email to all 77 MetabERN centers in
23 EU countries. The survey included 34 questions aimed at
gathering information on the status of the transition process, its
organization and the associated difficulties and needs from the
perspective of HCPs (see Supplementary Material for full list
of questions). The survey included multiple choice questions,
with the possibility to write additional text under the option
“Other” when available; only in the last question participants
were asked to add any relevant comment as free text (see
Supplemental Material). Members of the TPWG prepared the
survey in collaboration with adult IMD patients and patients
associations (see section Acknowledgments). The survey was
active for 20 months, from 1st October 2018 to 1st May
2020. All participants (see section Acknowledgments) gave
their consent for data collection and publication. Data was
extracted and descriptive statistical analysis was performed using
Microsoft Excel.

RESULTS

Data was collected from 63/77 (81%) HCPs from 20 EU countries
(Table 1). Responders were mostly metabolic pediatricians
(65.1% pediatric vs. 11.1% adult metabolic physicians; 23.8%
clinical geneticists and other specialties), with representatives
covering all disease SNW, but dominated by the largest disease
entities: lysosomal storage disorders (LSD; 87.1%), amino and
organic acids related disorders (AOA; 83.9%), and carbohydrate,
fatty acid oxidation and ketone bodies disorders (C-FAO; 80.7%)
(Table 1).

Of the responding centers, 6.4% are dedicated exclusively
to adults, 84.1% of centers follow both adult and pediatric
patients, while 9.5% are pediatric only (Table 1). Overall, almost
all responding centers follow adult patients (93.7%), and the
majority of these have a separate adult metabolic team. However,
in only 30.7% of cases is the adult metabolic team available for
all metabolic conditions (Table 1). The main reasons identified
for the centers not to have an adult team include: (i) no interest
in the metabolic field from adult physicians (34.7%); (ii) no
existing position (30.8%); (iii) lack of specialty adult training in
the country (30.8%); and (iv) preference of patient/family to be
followed by the pediatric team (30.8%) (Table 1).

In centers with existing transition programs, for over half the
cases (52.4%) transition starts at 18 years of age. Consequently,
the process is mostly finalized after the age of 18 (57.1 vs. 21.4%
between 16 and 18 years of age), while 10.7% of patients never
transition because they remain under pediatric care throughout
their life (Table 1). Of the doctors involved in the transition
process, the majority of the respondents (87.7%) discuss the
transition issue with the adolescent patients and parents, but
<50% have a separate consultation with the child/adolescent.

Medical specialities involved in the medical care of adult
metabolic patients are mainly internists (50%), followed by
clinical geneticists and cardiologists (15.6% each) (Table 2).
In the majority of centers (80.7%) the adult patients are
followed also by other specialists, mainly neurologists (77.8%),
cardiologists (64.8%), nephrologists (61.1%), and nutritionists
(59.3%) (Table 2). Importantly, it should be noted that among
cardiologists and nephrologists participating in the survey, also
pediatricians were represented, further increasing the percentage
of pediatricians caring for adult patients with an IMD. In most
centers there is no designated transition coordinator (69.5%)
and no dedicated physician in charge of the transition on the
adult side that collects and summarizes information from each
sub-specialist (62.1%) (Table 2).

Almost half of the centers (48.2%) provide a written
individualized transition protocol, which is standardized in
nearly 20% of cases (Table 3). In the majority of centers (63.4%)
no patient organization has been involved in the development
of the transition plan (Table 3). In almost 77% of centers
pediatricians share a medical summary, transition letter and
an emergency plan (if applicable) with the adult team and the
patient (Table 3). This document contains information such as
medications and relative dosage, comorbidities, a short summary
of the disease and precautions, an emergency regime, a nutrition
plan when healthy, and the last blood test results (Table 3).
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TABLE 1 | Characteristics of the responders and the relative centers.

Category n (%)

Profession:

Metabolic pediatrician 41/63 (65.1)

Adult metabolic physician 7/63 (11.1)

Clinical geneticist 3/63 (4.8)

Other (neurologist, cardiologist, psychologist, genetic counselor,

clinical biochemist, internal medicine/endocrinology/diabetes

specialist)

12/63 (19)

Metabolic conditions followed by the responder:

LSD 54/63 (87.1)

AOA 52/63 (83.9)

C-FAO 50/63 (80.7)

PM-MD 44/63 (71)

CDG 38/63 (61.3)

PD 37/63 (59.7)

NOMS 37/63 (59.7)

Center status:

Adult and pediatric center 53/63 (84.1)

Pediatric center only 6/63 (9.5)

Adult center only 4/63 (6.4)

Center following adult patients with IMDs:

Yes 59/63 (93.7)

No 4/63 (6.4)

Center with separate adult metabolic team:

Yes, for all kinds of metabolic conditions 19/62 (30.7)

Yes, for the majority of metabolic conditions 12/62 (19.4)

Yes, for selected groups of metabolic conditions 12/62 (19.4)

No, pediatric team follows patients life-long 5/62 (8.1)

Reasons for not having an adult metabolic team:

Lack of interest in IMDs among adult physicians 9/26 (34.6)

Patient/caregiver’s preference to be followed by pediatric

metabolic department

8/26 (30.8)

Lack of special training for adult physicians in metabolic

diseases in the country

8/26 (30.8)

No existing position/vacancy for adult metabolic diseases at the

center

8/26 (30.8)

Lack of financial support 5/26 (19.2)

Lack of extra reimbursement for adult complex metabolic

patients

5/26 (19.2)

Lack of adult physicians willing to be involved 4/26 (15.4)

Other (historically, adult IMD patients have been taken care in

the pediatric hospital; difficulties in getting more salaries for adult

physicians; smooth transition by joint follow-up with both adult

and pediatric physician until the patient agrees to be followed by

the internist)

14/26 (53.9)

Age at which transition process starts:

18 years of age 33/63 (52.4)

16 years of age 12/63 (19)

20 years of age 2/63 (3.2)

Other (at 10 or 14 years of age; after 18 years of age or later;

from 16 to 28 years of age, start discussion on transition from

age 12; no transition process)

16/63 (25.4)

(Continued)

TABLE 1 | Continued

Category n (%)

Age at which transition process is finalized:

>18 years of age 32/56 (57.1)

16–18 years of age 12/56 (21.4)

Never, because the patient remains under pediatric care

throughout his/her life

6/56 (10.7)

14–16 years of age 0/56 (0)

12–14 years of age 0/56 (0)

Never, because the patient is transferred to an adult clinic

without any preparation

0/56 (0)

Other (for older patients the transition is finalizing now,

regardless of age, while for Fabry and other patients it is finalized

at 16 years of age; depends on the disease: some patients

remain at least in part managed by pediatricians)

6/56 (10.7)

AOA, Amino and organic acids-related disorders; PM-MD, Disorder of pyruvate

metabolism, Krebs cycle defects, mitochondrial oxidative phosphorylation disorders,

disorders of thiamine transport andmetabolism; C-FAO, carbohydrate, fatty acid oxidation

and ketone bodies disorders; LSD, lysosomal storage disorders; PD, peroxisomal

disorders; CDG, congenital disorders of glycosylation and disorders of intracellular

trafficking; NOMS, disorders of neuromodulators and other small molecules.

Among the responding physicians, only 39.7% have received
appropriate training in managing health issues in adolescent
metabolic patients, while the others acquired the necessary
knowledge mainly through courses and internships in metabolic
centers (Table 4).

The main challenges of HCPs in managing the transition
process are lack of time (49.2%) and shortage of adult metabolic
physician positions (44.1%) (Table 4). This is reflected in the
implementations that, according to the responders, are most
required for a successful transition: medical staff dedicated to
transition (51.7%), a transition coordinator (45%), and specific
metabolic training for adult physicians (43.3%) (Table 4). Lastly,
90% of responders report the absence of any financial support for
transition programs (Table 4).

DISCUSSION

This survey provides the first European report on the status
of the transition process in rare metabolic diseases from the
HCPs perspective. With 63 centers responding from 20 EU
countries, our results may provide a representative overview of
the current situation in European centers of excellence, selected
for their expertise in metabolic diseases. The pediatric specialty
was the most prevalent responder group in our survey, reflecting
predominantly the pediatricians’ point of view in the transition
process. At the same time, our surveys show a large disproportion
between the medical specialties looking after IMD patients. This
underlines the multisystemic nature of IMDs and the peculiar
need of affected patients to be followed by multiple professionals,
who should interact and collaborate with one another within a
well-defined multisystemic approach framework. Unfortunately,
in a real world situation patients are seen by different specialists
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TABLE 2 | Specialties involved in the care of adult IMD patients and their

transition.

Category n (%)

Specialty of the physician taking care of adult IMD patients:

Internist 16/32 (50)

Clinical geneticist 5/32 (15.6)

Cardiologist 5/32 (15.6)

Neurologist 4/32 (12.5)

Diagnosis, geneticist 2/32 (6.3)

Dietician/nutritionist 2/32 (6.3)

Orthopedist 2/32 (6.3)

Ophthalmologist 2/32 (6.3)

Radiologist 2/32 (6.3)

Social worker 2/32 (6.3)

Surgeon 1/32 (3.1)

Clinical trial technician 1/32 (3.1)

Coordinator/secretary 1/32 (3.1)

ICU and anesthetist 1/32 (3.1)

Gastroenterologist 1/32 (3.1)

Genetic counselor 1/32 (3.1)

Medical biochemist 1/32 (3.1)

Neuro-pediatrician 1/32 (3.1)

Otorhynolaryngologist 1/32 (3.1)

Palliative care 1/32 (3.1)

Pharmacist 1/32 (3.1)

Physical and rehabilitation medicine 1/32 (3.1)

Psychologist 1/32 (3.1)

Pneumologist 1/32 (3.1)

Special nurses 1/32 (3.1)

Epidemiologist 0/32 (0)

Internist-rheumatologist 0/32 (0)

Hepatologist 0/32 (0)

Neuropathologist 0/32 (0)

Neuropsychologist 0/32 (0)

Psychiatrist 0/32 (0)

School educator 0/32 (0)

Stomatologist 0/32 (0)

Other (endocrinologist, nephrologist, pediatrician, metabolic

physician)

8/32 (25)

Other specialists involved in the care of adult IMD patients:

Neurologist 42/54 (77.8)

Cardiologist 35/54 (64.8)

Nephrologist 33/54 (61.1)

Nutritionist 32/54 (59.3)

Clinical geneticist 22/54 (40.7)

Ophthalmologist 21/54 (38.9)

Hepatologist 20/54 (37)

Hematologist 19/54 (35.2)

Endocrinologist 19/54 (35.2)

Laboratory geneticist 17/54 (31.5)

Rehabilitation specialist 14/54 (25.9)

Gastroenterologist 12/54 (22.2)

General internal medicine 12/54 (22.2)

(Continued)

TABLE 2 | Continued

Category n (%)

Rheumatologist 9/54 (16.7)

Psychiatrist 8/54 (14.8)

Designated transition coordinator at the center:

Yes 18/59 (30.5)

No 41/59 (69.5)

Dedicated physician collecting information from each specialist

at the center:

Yes 22/58 (37.9)

No 36/58 (62.1)

that rarely know or communicate with each other, resulting in a
fragmented, uncoordinated and suboptimal care.

Here we show that most HCPs discuss transition with the
family and share a medical summary with the adult physician and
the patient. In most cases, this summary is not standardized and
includes a short description of the disease, its precautions
and comorbidities, type and dosage of medications, a detailed
emergency regime, a nutrition plan, and the latest blood test
results. Despite decades of increasing knowledge regarding the
importance of a properly structured transition for later health
outcomes (20, 21), our survey still demonstrates unmet needs and
overall slow acquisition of the mandatory aspects for a successful
transition for rare metabolic patients, their families and adult
physicians in Europe.

In most centers a transition coordinator is missing and the
process is fragmented or even non-existent, to a point where
about 10% of patients never transition and stay under pediatric
care all their life. In this context, the presence of a transition
coordinator is a major factor for a successful transition program,
as it ensures that adult care teams are aware of, and prepared
for, the management of rare conditions and their peculiarities.
The coordinator schedules the transition meetings, collects and
updates all the necessary documentations, and ensures that all
appropriate specialists and social professionals are present during
the transition visits. Despite these differences, the transition
coordinator should have defined duties to ensure the highest
standards and success of the transition process. Our survey
identified that the appointment of a transition coordinator is
necessary, which calls for immediate action from healthcare
organizations and policy makers to improve the transition
process across Europe. The need for this new administrative role
has also been identified by De Castro et al. (22).

Another main finding in our study is the shortage of
physicians specialized in the adult care of IMDs. In fact,
only 11% of the respondents to the survey were adult
IMD professionals and most centers stated that an adult
team was only available for a subset of metabolic diseases.
In this context, the lack of specific metabolic training for
adult physicians regarding adolescent health issues must be
emphasized, as this is a key factor for implementing a
successful transition program. Education of adult specialists
in IMDs is important for a number of reasons: not only do
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TABLE 3 | Information exchanged among physicians for/during transition.

Category n (%)

Written individualized plan/protocol/letter for transition provided:

No, no particular documents are provided other than

the medical record itself

22/56 (39.3)

Yes, a written individualized document for transition is

provided, but it is not standardized

15/56 (26.8)

Yes, the hospital has a standard operating procedure

for transition

6/56 (10.7)

Yes, a written standardized individualized protocol for

each patient is provided

5/56 (8.9)

Yes, a document for transition is provided, but without

knowing which physician to address it to if the patient

will be followed at another hospital

1/56 (1.8)

No, but an unwritten transition agreement/procedure is

arranged with the patient

1/56 (1.8)

Other (ongoing protocol setup, summary letter, full

documentation)

6/56 (10.7)

Relevant patient organization(s) involved in the

development of a standard procedure for transition,

where this is available:

Yes 8/41 (19.5)

No 26/41 (63.4)

Other 7/41 (17.1)

Pediatric team sharing medical summary, transition

passport or letter and/or emergency care plan with adult

team and patient:

Yes 43/56 (76.8)

No 8/56 (14.3)

Other (emergency plan only, hospital discharge

summary, in the making)

5/56 (8.9)

Information included in the medical summary:

Medications 45/49 (91.8)

Short summary of disease and precautions 44/49 (89.8)

Updated list of medications and dosages 44/49 (89.8)

Comorbidities 42/49 (85.7)

Detailed emergency regime 39/49 (79.6)

Last blood test results 38/49 (77.6)

Nutritional plan when healthy 36/49 (73.5)

Medications to avoid 29/49 (59.2)

Suggested blood tests when admitted to hospital 28/49 (57.1)

Anesthesia precautions 26/49 (53.1)

Surgery preparation instructions 24/49 (49)

Other (pregnancy precautions, recurrence risk,

emergency regime, full history radiological images,

psychological tests report, special needs)

13/49 (26.5)

an increasing proportion of pediatric patients survive with
more complex disorders and with neurocognitive disabilities,
but a greater number of IMDs presenting in adulthood
are being diagnosed in the genomic era. As a part of
education and optimization of the transition process, it
is important to develop cooperation and trust between
pediatricians and adult physicians (22). This will facilitate a
more harmonious and less stressful transition process for the
IMD patients.

TABLE 4 | Shortcomings, challenges and needs related to transition.

Category n (%)

Members of team looking after adolescent patients with formal

training in health issues in adolescent IMD patients:

Yes 23/58 (39.7)

No 31/58 (53.5)

Other (SSIEM courses and conferences, only for some IMD, only

for general health issues in adolescents)

4/58 (6.9)

Informal methods used to acquire knowledge on treating

adolescent IMD patients:

Course 13/36 (36.1)

Placement in metabolic center 13/36 (36.1)

Non-recognized education program 11/36 (30.6)

Fellowship 9/36 (25)

Other (personal study, clinical practice, part of another

specialization, prolonged work with IEM, cooperative interaction)

12 (33.3)

Most difficult challenges in managing the transition process:

Lack of time 29/59 (49.2)

Lack of adult metabolic physician positions/vacancies 26/59 (44.1)

Knowledge gaps on the topic amongst medical staff 17/59 (28.9)

Lack of reimbursement 14/59 (23.8)

Lack of interest 9/59 (15.3)

Poor communication between pediatric and adult centers 7/59 (11.9)

Other (lack of pediatric metabolic physicians, growing number of

patients, lack of cases manager, metabolic medicine is not

available as specialization, no financial support, no official

metabolic position, few doctors dedicated, low number of

pts/condition and diverse patient population)

17/59 (28.8)

Most needed implementations for a successful transition:

More staff specifically dedicated to transition 31/60 (51.7)

A dedicated transition coordinator 27/60 (45)

Special metabolic training for adult physicians 26/60 (43.3)

Dedicated (or interested) adult physicians 21/60 (35)

Adult metabolic positions 19/60 (31.7)

A transition protocol/standard operating procedure 19/60 (31.7)

A physical space for transition clinics 17/60 28.3)

Other (setup of a transition clinic; adult metabolic clinic; support

by paramedics such as dietitians, psychologists, social workers;

more protocols for adult patients; more pediatricians and

metabolic adult physicians; more time to dedicate to transition)

8/60 (13.3)

Availability of additional financial support for transition clinics:

Yes 3/60 (5)

No 54/60 (90)

Other (information unknown; no transition in place, process for

improvement is ongoing)

3/60 (5)

The SSIEM recently launched a survey to 89 adult specialist
members. Despite the fact that practical clinical experience with
adult IMDs was considered key for their own education in
rare metabolic diseases, most responders (73%) judged their
education as poor or fair. The main message was the need for
formal training opportunities in adults and courses on IMDs
(23). These results were confirmed by our survey, in which only
about 40% of responders reported formal training in health issues
regarding adolescent IMD patients, while informal training such
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as fellowships, short courses, work placement, clinical practice
and personal studies were common. As a result, neither pediatric
nor adult clinicians are prepared to adequately address the
complex developmental challenges that characterize adolescent
metabolic patients. Indeed, our survey indicates that the factors
that are mostly needed by HCPs are: adult physician positions,
a transition coordinator, and specific metabolic training for
adult physicians. The shortage of adult metabolic specialists has
increasingly been revealed by the advancements made over the
last few decades in metabolic diseases. Adult physicians have
historically not been involved in the management of IMDs
because until about 20 years ago 75% of metabolic patients died
before reaching the adult age, resulting in a “skewed population
of providers” (22). Today, thanks to better healthcare, improved
follow-up programs, and more treatments available there is an
increasing number of metabolic patients that reach adulthood. In
this regard, both SSIEM and MetabERN are already organizing
dedicated courses to create and train a new class of professionals,
and in particular adult physicians, with expert knowledge and
practical experience in the long-term care and management of
IMDs. However, additional support is needed from hospital
managements, authorities, and the European Commission to
encourage adult physicians to focus on IMD patients. This will
be important also to overcome another aspect highlighted by our
survey, that is the lack of interest in IMDs by medical students
and/or adult physicians. As rare and complex diseases, IMDs
are not well known and are often overlooked in the medical
community; therefore, more effort is needed to disseminate
information about the challenges and opportunities offered by
the metabolic disease field and thus create novel interest in
this specialty.

Our results show that adult IMD patients are regularly
followed mainly by internists, with the widespread involvement
of other sub-specialists, illustrating the complexity of the
diseases. This is not surprising, as most adults with a chronic
condition demand surveillance by different specialists; however,
this also highlights the fact that healthcare is more fragmented
in adulthood. This might create obstacles in guaranteeing
a continuous and holistic care of adult metabolic patients.
Therefore, it is necessary to create a multidisciplinary team
of HCP specialized in the treatment of adult patients with
IMDs; for example, a team coordinated by an internist
specialist in metabolic diseases. Regarding the type of specialties
following IMD patients, these include mostly neurologists,
cardiologists, nephrologists, orthopedist and nutritionists. This is
not surprising, as it is a reflection of the multi-organ involvement
of IMDs and the importance of a balanced diet to avoid
metabolic decompensation.

The whole process of transition is further complicated by
the lack of standardized programs or specific guidelines shared
across Europe. This is a crucial aspect that needs to be addressed
by institutions and policy makers in order to ensure that the
best possible care—and therefore quality of life—is given not
only to IMD and other rare disease patients, but to all patients
with a chronic condition that arises during childhood. Indeed,
the transition issues that were highlighted with our survey may
be shared by other chronic conditions. As a possible solution

strategy, the optimization of electronic medical records could be
of help.

The lack of financial resources is another aspect that
makes it difficult to implement appropriate transition teams
and programs. In the midst of the current COVID-19
pandemic, which imposed great changes in healthcare funds
and organization, rare diseases must not be forgotten and
specific activities should be put into place to increase awareness
in public institutions and authorities about IMDs and the
transition process.

From the patient perspective, there are significant challenges
to be considered when transitioning from a family-centered,
developmentally-focused, and multidisciplinary pediatric care to
a less supportive adult healthcare system that is often unfamiliar
with rare diseases (13). Among them, there is the resistance and
lack of trust of the patient and his/her family in regard to the adult
team, and the fear of a lack of expertise in the adult specialists.
Indeed, in a recent study on expectations of adolescents with
chronic disorders and their parents, the most important barriers
identified for successful transition were anxiety and lack of
information of the adult healthcare specialist (24). Therefore,
it is important to predispose combined consultations with
the pediatric and adult specialists, to anticipate the exchange
of medical records, and to establish clear communication
strategies, which can be extremely beneficial in mitigating these
difficulties and in making the patient and the caregivers feel
more comfortable and continually cared for at the highest
standards. Better information and education on their disease,
as well as greater active involvement in the decision-making
of their care, may be pivotal to improve patient and family
adherence to and satisfaction with transitioning (22, 25). In this
context, the role of patient associations is important to promote
such measures. In addition, from a patient point of view, the
transition process is multidimensional, involving transitions with
respect to development (adolescent becoming a young adult),
situation (switch from pediatric services to adult health services)
and health–illness (role changes, self-management of a chronic
condition) (25). Due to the heterogeneity of IMDs regarding
organ involvement and disease severity, an interdisciplinary
framework of care should be introduced stepwise to meet
the biopsychosocial needs of early adolescents (11–15 years of
age), late adolescents (16–18 years old), and emerging adults
(18–25 years of age), thereby also differentiating between life-
threating IMDs, IMDs with chronic illness, and IMDs with
severe disabilities and/or severe intellectual impairments (11, 25,
26). Since the current survey did not target patients and their
families, a dedicated survey is necessary to focus on their point
of view.

This study has several limitations. Firstly, it provides only the
MetabERN HCPs’ point of view. More specifically, the majority
of respondents were pediatricians, as they have been the historical
managers of patients with IMD, leaving the adult perspective of
the transition process less represented. Moreover, transition is
a process involving several key players in the center of interest;
therefore, the next survey to complement that of the HCPs should
be targeted at patients and their associations to understand
their point of view and especially to gather information on
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the social and psychological aspects of transition, which seems
even more difficult in patients with multiple disabilities. Our
survey focused on HCPs, which can provide information and
suggestions regarding the more practical and administrative
aspects of the transition process. In fact, no publications exist
on the patient or caretaker point of view and indeed this is
one of the next steps to be taken by MetabERN. Secondly,
due to the design of the survey, we were not able to collect
specific data regarding the percentage of pediatricians that are
involved in the care of adult IMD patients. The majority of
our responders (65%) were pediatricians and at present we
are not able to assess whether other specialists taking care of
adult patients are also pediatricians. Thirdly, specific questions
about the set-up and maintenance of a successful transition
process were missing, so at this stage we cannot provide
exhaustive examples or recommendations on how to improve
the transition where this is difficult. Further work is needed
to propose specific transition recommendations in the field
of IMDs, for example by using templates from hospitals that
have a long experience with transition and have made some
written recommendations, also taking into account the patients’
perspective. Indeed, this is part of the further activities planned
by MetabERN’s TPWG.

The final aim of MetabERN and the TPWG is to collaborate
and share expertise and good practices to develop possible
action guidelines and minimal standard of care. In this way, all
specialists involved in the care of IMD patients, and potentially
in other fields, will have access to guidance and support in
the management of the critical process of transition, which in
turn will aid a successful and efficient transfer from pediatric
to adult care for all patients. This study is the first step in
that direction.
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Hemophilia
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Introduction: Gene therapies are innovative therapies that are increasingly being

developed. However, health technology assessment (HTA) and payer decision making on

these therapies is impeded by uncertainties, especially regarding long-term outcomes.

Through measuring patient preferences regarding gene therapies, the importance of

unique elements that go beyond health gain can be quantified and inform value

assessments. We designed a study, namely the Patient preferences to Assess Value

IN Gene therapies (PAVING) study, that can inform HTA and payers by investigating

trade-offs that adult Belgian hemophilia A and B patients are willing to make when asked

to choose between a standard of care and gene therapy.

Methods and Analysis: An eight-step approach was taken to establish the protocol

for this study: (1) stated preference method selection, (2) initial attributes identification,

(3) stakeholder (HTA and payer) needs identification, (4) patient relevant attributes and

information needs identification, (5) level identification and choice task construction, (6)

educational tool design, (7) survey integration, and (8) piloting and pretesting. In the end,

a threshold technique survey was designed using the attributes “Annual bleeding rate,”

“Chance to stop prophylaxis,” “Time that side effects have been studied,” and “Quality

of Life.”

Ethics and Dissemination: The Medical Ethics Committee of UZ KU Leuven/Research

approved the study. Results from the study will be presented to stakeholders and patients

at conferences and in peer-reviewed journals. We hope that results from the PAVING

study can inform decision makers on the acceptability of uncertainties and the value of

gene therapies to patients.

Keywords: preference, instrument design, hemophilia, interviews, survey, gene therapy
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INTRODUCTION

The pharmaceutical sector is shifting from a focus on classic
chemical and first-generation biological medicines to the
development of more complex biological therapies like gene
therapy. Gene therapies are high-cost treatments, but may come
with the promise of permanent benefits or even a cure. First
efforts to market European Medicine Agency (EMA) approved
gene therapies showed that obtaining market access is difficult
(1). One of the main challenges is that uncertainty on magnitude
and duration of effect may limit value perceived by HTA and
payers (1, 2). In this context, uncertainty regarding long-term
efficacy and safety is caused by limited comparative data and lack
of long-term evidence (1). With the rise of therapies that have
the potential to create permanent effects in patients, decision-
making on the macro (marketing authorization), meso (pricing
and reimbursement), and micro (shared-decision making) level
will increasingly have to deal with uncertainty regarding long-
term efficacy and safety.

With regard to value assessments of therapies potentially
offering a cure, it has been argued that Quality Adjusted Life
Years (QALYs)may not be appropriate for use, may be insensitive
and may not cover all aspects of gene therapies relevant to
patients; possibly resulting in a misjudgment on the value of
such therapies (3–5). Gutknecht et al. (4) stated that QALYs only
reflect outcomes that have a direct impact on Quality of Life
(QoL) and/or survival, and suggested that through measuring
patient preferences also other treatment features (e.g., mode of
administration and cost) can be considered.

Performing patient preference studies in the context of gene
therapies will not take away the uncertainty regarding long-
term outcomes that can only be resolved by life-long follow-
up of these patients, and will most likely not replace use of
QALYs as this measure allows for comparison across diseases.
However, performing patient preference studies in this context
can inform decision-making by providing (1) additional insights
on the acceptability of uncertainties to patients, (2) insights on
the value of these therapies to patients, and (3) a pathway for the
patient to weigh in on decision-making regarding gene therapies.

One of the rare diseases for which gene therapies are in
development is hemophilia (A and B) (6–8). Current hemophilia
treatment consists of regular intravenous administration of factor
replacement therapy. In hemophilia, unmet medical needs result
from the invasiveness of current treatment, the fluctuations of
achieved factor levels making patients more prone to bleeds and
joint damage, and the development of antibodies against current
therapies in some patients (9–12). In hemophilia, gene therapy
comes with the promise that one infusion could potentially
replace lifelong administration of other high-cost drugs. To date,
no research has been conducted regarding the preferences of
hemophilia patients regarding gene therapy (13).

Therefore, we decided to initiate the Patient preferences to
Assess Value IN Gene therapies (PAVING) study, to investigate
trade-offs that adult Belgian hemophilia A and B patients are
willing to make when asked to choose between a standard of
care and gene therapy; the protocol of which is reported in this
manuscript. The survey established through this protocol will

allow for exploration of preference heterogeneity and serves to
meet the needs of HTA and payers. In the design of the protocol,
special attention was given to the innovative nature and potential
lack of knowledge of patients regarding gene therapies.

AIMS

The main objectives of the PAVING study are:

- To understand the trade-offs that patients make when they are
asked to choose between gene therapy and a standard of care.

- To explore preference heterogeneity by investigating the
impact of patient characteristics on preferences.

METHODS AND ANALYSIS

Organization and Patient Involvement
Protocol development for the PAVING survey was undertaken in
sequential steps (Figure 1). Overall, a transparent and systematic
approach was taken to develop the protocol, covering steps in the
organization, design and conduct of a patient preference study as
described by van Overbeeke et al. (14). Patients were involved as
advisors (15) in protocol development (steps 3–8), and included
in the stakeholder advisory board of the study, that further
consisted of hematologists, HTA and payer decision-making
experts, industry market access experts, rare disease experts,
patient education (EUPATI) experts and caregivers. Moreover,
patients steered the selection of attributes through participation
in interviews (Step 4).

Step 1: Stated Preference Method
Selection
A number of stated-preference (elicitation) methods exists,
but guidance is lacking on when to choose what method.
Method selection started from the nine elicitation methods
identified by Whichello et al. (16) as most promising in meeting
decision-makers’ needs in the medical product lifecycle (MPLC):
DCE, Threshold Technique, Standard Gamble, Time trade-off,
Swing-Weighting, Visual Analog Scale, Analytical Hierarchy
Process, Best-Worst Scaling type 1, and Best-Worst Scaling
type 2. The match of the method to the research question,
patient population and decision-making context influences the
value of patient preference studies for decision making (17).
Therefore, in selecting our method we used criteria based on the
research questions, patient population (rare disease), decision-
making context, as well as validity requirements and budget.
The criteria used and the thresholds used for this selection
were informed by the work of Whichello et al. (16) and
discussion with method experts further informed our choice
of method. Ideally, we wanted the method to: (1) estimate
weights of attributes, (2) estimate trade-offs between attributes,
(3) quantify preference heterogeneity, (4) incorporate internal
validity measures, (5) not have technical issues, (6) have a low
minimal necessary sample size, and (7) allow for incorporation
in an unsupervised survey.

While sample sizes of fewer than 100 participants may be
sufficient when there is a limited number of attributes and levels
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FIGURE 1 | Steps taken in the protocol development.

(e.g., four attributes each with 2 levels) (18), DCEs typically
include more than 100 participants and may require sample
sizes >250 if there are 6–8 attributes each with 3–4 levels (16,

19). DCEs were excluded as a method due to our estimation
that it will be challenging to recruit 100 patients (see section
on sample) (Table 1). Moreover, as described under Steps 4
and 5, we wanted to include four attributes with a maximum
of 7 levels in our design. From the nine promising methods,
experts initially believed that the threshold technique and swing-
weighting showed the most potential to meet study needs. In the
end, swing-weighting was excluded based on concerns regarding
the need to provide support for participants (i.e., through
interviews or workshops) due to complex choice tasks with high
cognitive burden, and the threshold technique was chosen.

In a threshold technique survey, participants are presented
with multiple choice tasks in which they have to choose between
two labeled profiles (e.g., prophylactic factor replacement therapy
and gene therapy). The level of one attribute in the target profile
(gene therapy) is varied systematically until the respondent
switches from his/her preferred alternative. The level of this
attribute is made systematically better (more attractive) if the
reference profile is chosen, or the level of the key attribute is
made systematically worse (less attractive) if the target treatment
is chosen. The responses to these questions are then used to define
an interval per respondent within which their threshold lies. This
threshold represents the maximum acceptable risk (MAR) or
minimal accepted benefit (MAB) for that switch (25).

Step 2: Initial Attributes Identification
A literature review was conducted on gene therapy clinical trials
and previous initiatives investigating patients’ preferences and
needs in hemophilia to identify attributes. Clinical trials were
identified in PubMed using the search terms “gene therapy”
AND “hemophilia” and filters “Clinical Trial” and “Human.”
Aditionally, the worldwide clinical trial gene therapy database
(26) and clinicaltrials.gov were consulted. Results were cross-
checked with the review on hemophilia gene therapy clinical
trials of Batty and Pasi (27). Publications reporting results
of trials were identified and included if published after 2005
and if intravenous administration of liver-targeting vectors was
used. Patient preference studies and public patient meetings
were identified in the literature. An initial list of attributes
was generated based upon clinical outcomes identified in these
clinical trials, and patient relevant outcomes identified in the
patient preference studies and public patient meetings.

In total, 18 publications reporting on results from 21
clinical trials were retrieved (Supplementary Material I). Four
publications published before 2005 and another publication
demonstrating intramuscular application of gene therapy were
excluded. In addition, we identified 19 patient preference studies
and public patient meetings (Supplementary Material II).
Patient preference studies only investigated preferences for
treatment attributes of factor replacement therapy, blood
transfusion or treatments no longer under development
(28). Public meetings of the FDA investigated attitudes of
hemophilia patients toward their current therapy and gene
therapy (29). From these 13 clinical trials and 19 patient
preference studies/public patient meetings, eight attribute classes
comprising 22 attributes were identified (Table 2).
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TABLE 1 | Selection criteria applied to the nine preference elicitation methods.

Criteria

Methods

Discrete

Choice

Experiment

Threshold

Technique

Standard

Gamble

(20)

Time-

Trade-Off

Swing-

Weighting

Visual

Analog

Scale

Analytical

Hierarchy

Process

Best-

Worst

Scaling

type 1

Best-

Worst

Scaling

type 2

Estimate weights of attributes
√ √ √

Xa √ √ √ √ √

Estimate trade-offs between attributes
√ √

Xc Xc √ √

Xb Xb X

Quantify preference heterogeneity
√ √ √ √ √ √ √ √ √

Incorporate internal validity measures
√ √ √ √ √ √ √ √ √

Absence of technical issues
√ √

X
√ √ √ √ √ √

Minimal necessary sample size >100 20 (21–23) <100 <100 <10 (24) <100 <100 <100 >100

Unsupervised survey
√ √ √ √

X
√ √ √ √

aOnly to investigate time attributes (survival time).
bNot possible to include levels.
cProfile-based (not attribute-based) method; can only provide trade-offs if attributes are survival and health state.

Red, reason for exclusion; yellow, uncertain/not most optimal choice; green, reason for selection.

TABLE 2 | Attributes identified through literature review.

Classes Attributes

Nature of treatment Mechanism of action

Administration Route of administration

Dose frequency

Duration of administration

Dosage strength

Place of administration

Ease of administration

Ease of product storage

Follow-up Frequency of monitoring

Benefits Effect on factor level

Effect on annual bleeding rate

Probability that prophylaxis can be stopped after treatment

Uncertainty regarding long-term benefits

QoL Impact on daily life

Impact on participation in physical activity

Possibility to undergo major surgery

Risks Probability that liver inflammation will develop

Uncertainty regarding long-term risks

Costs Out-of-pocket cost

Societal cost

Manufacturing Manufacturer

Shortage history

Clinical trials: (30–42).

Patient preference studies/public meetings: (11, 13, 28, 29, 43–57).

Step 3: Stakeholder Needs Identification
To identify classes of attributes important to decision-makers,
consultations were held with the advisory board. Attributes
identified in Step 2 and value assessment criteria (according to
the Belgian Royal Decree of 1 February 2018) were presented
and discussed to explore their relevance. Stakeholders confirmed
the importance of the presented value assessment criteria

and identified the following attribute classes: benefits, risks,
administration, level of unmet need, cost and budget impact,
applicability, and burden of disease. A consensus among the
advisory board was reached on the need to investigate attributes
related to benefits (including clinical endpoints and QoL), risks,
and administration in the preference study, and to exclude other
attribute classes (Supplementary Material III).

Step 4: Patient Relevant Attributes and
Information Needs Identification
To identify attributes to be included in the survey design,
relevance of attributes was investigated in interviews with 20
Belgian hemophilia A and B patients. An interview guide for
semi-structured interviews with Belgian hemophilia patients was
designed. The interview guide was created in Dutch, translated
to English and French by a certified translator and checked
by one of the researchers (EvO). Patients participated in their
native language (Dutch or French). Prior to any questions
about gene therapy, patients received information (based on the
literature retrieved in Step 2, validated by three hematologists
and piloted with two patients) regarding the disease, standard
of care and gene therapy (Supplementary Material IV). Overall,
patients found the provided information comprehensible. Some
patients requested more information on inhibitors against
factor replacement therapy, viral vectors, development of light
inflammation of the liver, antibodies against vectors, and re-
administration of gene therapy if benefits are not maintained
in the long-term. Moreover, several patients suggested to
use illustrations to visualize difficult concepts and ensure
comprehension by other patients.

A ranking exercise was performed during interviews to
prioritize attributes according to their importance to patients;
using attributes identified through a mixed top-down and
bottom-up approach. Top-down attributes included attributes
identified in Step 2, except those belonging to classes of
attributes excluded in Step 3. Attributes were listed per class and
defined (Supplementary Material V). Definitions were validated
by three hematologists and pilot tested with two patients.
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Bottom-up attributes were identified by asking patients to
name the top three elements influencing their choice between
standard of care and gene therapy before disclosing the top-
down attributes. Patients ranked their top six attributes among
the top-down and bottom-up identified attributes. This ranking
was transformed for each participant so that a score between 1
and 6 was assigned to each of the attributes in the top six, with six
points being assigned to the most important attribute. Sum totals
of the scores were calculated per attribute. The ranking exercise
revealed that the five attributes most important to patients were:
annual bleeding rate (ABR), factor level, uncertainty of long-term
risks, impact on daily life, and probability that prophylaxis can
be stopped (Table 3). Full details on methods and results (on
general gene therapy perception) of the interviews have been
reported elsewhere (58), according to the guidelines of Hollin
et al. (59). In a second consultation with the advisory board
the interview results were presented. A consensus was reached
to include attributes in the survey that were most important to
patients, with emphasis on including a QoL-related attribute.

To keep the threshold technique survey of manageable length,
it was decided to include four attributes. As the meaning
of “Factor level” is different for factor replacement therapy
(fluctuating factor levels) compared to gene therapy (stable factor
levels), and as “Annual bleeding rate” is dependent on “factor
level,” the researchers decided to exclude “Factor level” and
include “Annual bleeding rate.” “Probability that prophylaxis can
be stopped” was rephrased to “Chance to stop prophylaxis” as this
was found to be more comprehensible to patients. “Uncertainty
regarding long-term risks” was rephrased to “Time that side
effects have been studied” as current uncertainty in long-term
risks of gene therapy is caused by limited follow-up in a relative
small number of patients (60); a similar attribute has been used
by Mohamed et al. (61). In addition, a “Quality of life” attribute
similar to Tomlinson et al. (62) was chosen as a substitute
for “Impact on daily life,” as no hemophilia-specific impact on
daily life instrument exists. The final selection of attributes thus
included three benefits: “Annual bleeding rate” (ABR), “Chance
to stop prophylaxis” (STOP) and “Quality of Life” (QOL); and
one risk: “Time that side effects have been studied” (TIME).

TABLE 3 | Top 10 attributes important to patients.

Rank Attribute Points*

1 Effect on annual bleeding rate 47

2 Factor level 43

3 Uncertainty long-term risks 39

4 Impact on daily life 39

5 Probability that prophylaxis can be stopped 32

6 Possibility to undergo major surgery 26

7 Route of administration 21

8 Probability of liver inflammation 21

9 Mechanism of action 20

10 Dose frequency 17

*n = 18; maximum score is 108 (6 points × 18 interviewees) per attribute.

Attributes were further defined, and definitions were validated by
three hematologists.

Step 5: Level Identification and Choice
Task Construction
Three threshold series comprising up to three choice tasks
and a drop-down question were designed to identify threshold
intervals, one for each benefit (“Annual bleeding rate,” “Chance
to stop prophylaxis” and “Quality of Life”). We opted to ask up
to three choice questions per threshold series to each individual
participant as shown in Figure 2 as this is often the number
of questions used in threshold technique surveys to identify
individual thresholds. As demonstrated in Figure 2, seven levels
(levels A-G) were required to complete the design. Attribute
levels were identified through literature gathered in Step 2,
hematologist consultation and additional literature on QoL
scores in hemophilia patients (63–67).

The range of attribute levels was based on the best available
clinical data at the time this protocol was designed. From
the 18 publications identified in Step 2 that reported on
results from Phase I/II gene therapy trials in hemophilia
(Supplementary Material I), one publication (68) was excluded
as it described an intramuscular application of gene therapy and
four other publications were withheld as they were published
before 2005 and therefor found to be outdated (69–72). From the
remaining 13 publications, lower and upper bounds of levels were
identified and a range was set for all attributes using the lowest
and highest value identified across publications (30–42). As QoL
was not yet studied in these trials, we hypothesized that gene
therapy would at least not reduce QoL and current QoL levels
were identified using five additional studies (63–67). The ranges
of the levels were discussed with hematologists (n = 3) and the
range of the TIME attribute was slightly adapted based on their
input to reflect the number of years of available evidence at that
time (Table 4).

A threshold technique response logic was created using levels
within the identified ranges (Table 4 and Figure 2). Spacing of
these levels was established by setting the most extreme values
of these ranges as cut-offs. We aimed to obtain even spacing
between levels, with a maximum spacing of five units between
levels. The threshold technique requires one attribute to be
fixed as a comparator (25). It was decided to keep the risk
attribute “Time that side effects have been studied” constant at
level D throughout the threshold questions, to enable estimation
of patient preferences for all benefit attributes. Levels D of
all attributes represent the gene therapy profile in the initial
threshold question. These levels represent the baseline scenario
on which all threshold estimates are contingent. The levels for
PFRT and the gene therapy baseline scenario were also fixed in
discussion with hematologists to reflect a conservative scenario,
where gene therapy would not provide additional ABR and QoL
benefits, that still fit within the identified level ranges (Table 4).

The levels of only one benefit will change throughout a
threshold series to identify an individual’s threshold for that
benefit. With a total of three series and with the initial question
(levels D) representing the first choice task of all threshold series,
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FIGURE 2 | Flow of the levels throughout the questions of one threshold technique series. GT - A-G, gene therapy levels A-G (Table 4); FTR, factor replacement

therapy level.

TABLE 4 | Levels for the threshold technique survey.

Attributes Levels

FTR (63–67) Gene therapy

Ranges (30–42) Levels used in the survey

A B C D E F G

Benefits Annual bleeding rate 6* 0–11 1 3 5 6 7 9 11

Chance to stop prophylaxis (%) 0* 33.3–100 100 95 90 85 80 75

Uncertainty Time that side effects have been studied years 30* 3–10* 10

Quality of life Quality of life 70 0–100** 85 80 75 70 65 60 55

*Adapted based on discussion with hematologists.

**Unknown; the minimum and maximum levels of the attribute scale are presented.

FTR, factor replacement therapy (prophylactic).

participants need to answer seven choice questions in total to
obtain a threshold interval for the three benefits within which
their individual thresholds will lie. If participants end up at the
extreme ends of Figure 2, no threshold interval can be identified
and participants will be asked an additional drop-down question
to elicit their exact threshold.

Step 6: Educational Tool Design
To ensure comprehension of the attributes and the gene
therapy context by participants, an educational tool was
designed. The information presented in the educational tool
comprised hemophilia, current therapies and gene therapy and
covered information needs of patients as identified in Step 4
(Supplementary Material VI). The original English script was
translated toDutch and French translations by a researcher (EvO)

and validated by a certified translator. Voice-overs were recorded
andMindbytes BVBA developed the educational tool with visuals
according to their standards (73).

The content and visuals of the educational tool were reviewed
by three hematologists, two patients and a patient education
expert. Necessary changes to the tool were made, and the Dutch
and French versions were piloted with 10 additional patients.
Patients were asked how comprehensible the tool was to them
(user comprehensibility) and how comprehensible it would be to
other patients. User comprehensibility of all modules was rated
between “Very comprehensible” and “Totally comprehensible;”
except the side effectsmodule that was rated as “Comprehensible”
by one patient. Comprehensibility to other patients was rated
between “Comprehensible” and “Very comprehensible” across all
modules. Ease of navigation was rated by all patients between
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“Very easy” and “Easy”. In addition, six patients reported
that no changes needed to be made to the educational tool,
two mentioned minor navigation changes and two requested
additional information (on antibodies and gene therapy re-
administration). Overall, the tool was very well-received by
patients. Therefore, no additional changes were made.

Step 7: Survey Integration
The final survey was designed to include (1) a consent form
and information sheet, (2) questions on patient characteristics
including demographics, health literacy Chew et al. (74) and
QoL (EQ5D5L), (3) the educational tool established in Step 6,
(4) the choice tasks using the threshold technique as designed
in Step 5, and (5) survey evaluation questions. Questions on
demographics (e.g., age, disease severity, number of damaged
joints) and on QoL (EQ5D5L) were included to identify factors
that may influence preferences of patients. Health literacy
questions were included to identify patients that may have
difficulties with understanding medical information. To evaluate
the validity of the study, validity checks were built into the
survey to identify respondents whose responses appear to “fail”
these validity checks based on expected norms. Validity checks
included evaluation of a comprehension question similar to
that of Mansfield et al. (75), time to complete the survey,
and choice consistency (the initial threshold question was
repeated after the first threshold series). Dutch and French
translations of the English survey were made by a certified
translator and reviewed by a researcher (EvO), excluding QoL
questions for which validated translations were used. The survey
was programmed by Qualtrics and thoroughly reviewed by
the researchers.

Step 8: Piloting and Pretesting
The full survey was piloted and pretested with patients. Four
patients (including two bilingual patient representatives)
participated in a paper-based pilot that evaluated
comprehensibility of Dutch and French choice questions
and choice behavior in think aloud interviews (76, 77). During
this pilot no major issues were found and only minor text edits
were made to a definition of one attribute and one question.

Online unsupervised pretesting evaluated comprehensibility
and length of the survey, functioning of the response logic,
and ability to identify thresholds and trade-offs. Of 14 invited
patients, 12 completed the online pretest. The majority of
pretesting participants found the choice questions to be “Very
easy” or “Easy” to understand and answer. Some found it
“Not easy nor difficult,” and none found it “Difficult” or “Very
difficult”. Participants found the survey length “Just right” (n
= 3), “Manageable” (n = 7), or “Too long” (n = 2). However,
seven participants took over 40min to complete the survey.
Two of these participants had paused the survey and others
might have taken a longer time than expected as they were
also asked to evaluate the survey. Participants reported no other
issues besides one textual error in the consent form and two
in demographics questions. Therefore, the textual errors were
corrected and three demographics questions were excluded to
reduce the length of the survey. Inspection of the data sheet

confirmed correct functioning of the response logic and ability to
identify thresholds and trade-offs. The final survey can be found
in Supplemental Material VII.

Sampling and Recruitment
No specific power calculation method exists to determine sample
sizes for threshold technique studies. Most threshold technique
studies are conducted with 100 or fewer respondents (successful
small studies include between 20 and 42 respondents) (18, 21–
23). The threshold technique allows for elicitation of individual
preferences (n = 1) and the method can therefore be used in
very low sample sizes. The significance of the estimates will be
greater and standard deviations will be smaller when the sample
size increases. Hemophilia is a rare disease but relatively common
compared to other rare diseases. The number of people affected
by hemophilia A and B in Belgium was 1 258 in 2018 (78).
Based on this number we estimate that we will be able to include
around 100 patients in Belgium, and a method expert confirmed
that the method can be performed with this limited proposed
sample size.

Patients will be considered eligible if they are diagnosed
with moderate or severe hemophilia A or B, are 18 years or
older, and live in Belgium. Patients will be recruited through
national hemophilia reference centers and the national patient
organization. These recruiting parties will send an invitation
via mail or newsletters containing a link to the online survey.
Recruiting parties will keep a record of the number of eligible
patients they sent an invitation to so that response rates can
be calculated.

Analytical Plan
Analysis of thresholds and trade-offs will be done through
interval regression and plotting of thresholds. Threshold
intervals will be analyzed per benefit attribute (ABR, STOP,
and QOL) using two interval regression (Tobit) models: (1)
a constant-only model to identify the mean threshold (MAB)
across the sample, and (2) a covariate-adjusted model to explore
whether and how patient characteristics influence the MAB for
each benefit (i.e., to explore preference heterogeneity). A separate
Tobit model will thus be run for each benefit attribute.

A number of patient characteristics will be tested for
inclusion in the covariate-adjusted model which may
explain some of the observed preference heterogeneity.
These include sociodemographic characteristics (e.g., age,
residence, employment status), medical characteristics (e.g.,
hemophilia type, disease severity, and self-reported ABR and
QoL), and survey behavior characteristics (e.g., time spent on the
educational tool). The final selection of patient characteristics
to be included in the covariate-adjusted model will be based on
results from correlation tests between these covariates.

DISCUSSION

This research resulted in the development of the PAVING
protocol to investigate trade-offs that adult Belgian hemophilia A
and B patients are willing to make between standard of care and
gene therapy. To the authors knowledge, this is the first patient
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preference study protocol that has been designed in the context
of market access of gene therapies.

A transparent and systematic approach was taken to develop
the PAVING protocol. While protocols of preference studies
explaining the choice of attributes are increasingly being
published (79–82), it is not standard practice to justify the choice
of the preference method and the choice is often DCE (83).
However, depending on the research question, researchers may
prefer other methods over DCEs in case of very small sample
sizes. The current research resulted in a transparent selection
of a preference method (i.e., the threshold technique), attributes
and levels. The protocol adheres to the five considerations of van
Overbeeke et al. (17) to ensure value of a preference study for
decision making: (1) investigate preferred treatment attributes,
and trade-offs between attributes, (2) have a design that matches
the research question and patient population, (3) include a
patient sample and method that matches the MPLC phase, (4) be
conducted in collaboration with different stakeholders, and (5)
allow for sharing of results with relevant stakeholders.

The researchers believe that by taking a patient-centered
approach (i.e., involving patient throughout protocol
development and conducting interviews with patients) attributes
were included that are relevant and comprehensible to patients
(15). The research resulted in the inclusion of the attributes
“Annual bleeding rate,” “Chance to stop prophylaxis,” “Quality
of Life,” and “Time that side effects have been studied”. While
“Quality of Life” may not be a usual attribute to include in a
preference study, our QoL attribute is reliable as it will visually
be presented as the EQ5D visual analog scale (VAS) that ranges
from 0 (worst possible QoL) to 100 (best possible QoL). The
researchers also believe that this VAS scale (reflecting patients’
own valuation of their health) is easier to understand to patients
and that results using this scale are easier to interpret than
when using the utility scale that goes from 0 (death) to 1 (full
health), as these utilities can go below 0 and the scale reflects a
societal valuation of health states. Moreover, the QoL attribute
is described according to the five dimensions of EQ5D5L [a
reliable tool to measure QoL (84)] to make the attribute concrete.
Potential concerns regarding ambiguity of QoL reflect the
limitations of its current use as a generic measure of value in
decision-making. While QoL may not be fully independent
from ABR, bleedings do not occur on a daily basis, and patients
can have different QoLs with the same ABR and also have the
same QoL with different ABRs; to the extent of realistic ABR
and QoL levels. As the threshold technique allows for the use of
realistic levels within labeled profiles, the researchers argue that
QoL and ABR can both be included as attributes. In contrast,
simultaneous use of these two attributes in a DCE may not
be possible as hypothetical scenarios may for example present
unrealistic high ABR in combination with high QoL, possibly
leading to rejection by patients. As demographics and QoL of
patients will be investigated, clinical independence between
the two variables, and the relation between current QoL and
preferences can be investigated.

An important limitation of our design is that interactions
between attributes cannot be assessed. Potential effects of
uncertainty in risks (time that side effect have been studied) on

interpretation of benefits can thus not be studied. Anchoring
effects are always a possible limitation in any survey in
which one value is changed systematically until switching or
indifference is achieved. This is true for time tradeoff and
standard gamble, modified swing weighting, and the threshold
technique. However, to the extent that the baseline level to which
the decision is anchored represents reality “in that it is based on
data or on a value that would be expected even if data do not
exist, then the starting point reflects the true decision context
and will reflect bias inherent in that decision context” (25). In
our case, the levels of each attribute in the initial (i.e., baseline)
question, represent levels likely to be associated with the relevant
alternatives (factor replacement and gene therapy) according
to the clinical evidence available at time protocol design, and
therefor may reflect a real-world decision context. However, as
Phase III trial data still has to become available and uncertainties
about the outcomes of gene therapy in hemophilia exist, the
relevance of the baseline scenario may be affected by new clinical
data becoming available. Therefore, the results of this study
should always be interpreted relative to the latest available clinical
data (85).

Comprehension of the survey by participants will be ensured
through use of the educational tool that was designed. Vass
et al. (86) showed in their study that the use of an animated
educational tool did not change preferences of respondents,
but improved choice consistency. The information presented in
the educational tool developed in the current research covers
information needs of patients and was validated by hematologists
and piloted with patients. Moreover, the tool also covers different
aspects highlighted in the work of Barber et al. (60), including
but not limited to uncertainty in long-term safety and efficacy,
eligibility criteria, variability in achieved outcomes, and current
absence of major safety issues.

It should be acknowledged that the data presented in this
paper, and that informed protocol development, was elicited
from a small sample of stakeholders and patients. While this
approach is appropriate for development of stated preference
protocols and is supported by an extensive literature review,
a larger sample would be required to reach representativeness
of results.

ETHICS AND DISSEMINATION

Ethics approval was sought and granted by the Medical Ethics
Committee of UZ KU Leuven/Research in Belgium for both the
interviews (S62670) that informed this protocol, as well as the
conduct of the PAVING survey (S63686). In addition, the ethics
committee also approved the analysis plan and data management
plan of the study. Prior to the interviews, all interviewees
provided written informed consent. Survey participants will
be informed that their participation is anonymous and that,
to ensure anonymity, they will not be able to view, edit or
remove responses once submitted. They will then be asked to
provide electronic informed consent before they can answer any
questions in the survey. An open text question included at the
end of the survey will allow participants to raise any concerns.
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Results of the study will be communicated to stakeholders
through publications. Results will also be disseminated at clinical
and health economic conferences, and will be presented to the
advisory board of the study. Moreover, the researchers plan to
write a lay language summary of the results to be distributed to
patients via the recruiting parties.

Learnings gained through the development of this protocol
and the results of the PAVING study may:

- Inform Belgian HTA and payer (and potentially also
regulatory) decision-making on gene therapies, by providing
insights on the elements of these therapies that patients value,
and the acceptability of long-term safety uncertainties.
Moreover, the results from the PAVING survey can
demonstrate what gene therapy profiles will be acceptable
to patients, while also showing the potential existence of
preference heterogeneity.

- Lead to the design of similar studies in hemophilia to inform
decision making in other countries. While this protocol was
setup to specifically meet needs of the Belgian market access
setting, the included attributes may also be relevant for
HTA/payers in other countries. Before this protocol can be
used in other countries, it should be investigated if HTA
representatives and payers in other countries believe that
attribute classes excluded in this study should be explored in a
preference study. Moreover, we advise researchers interested in
using this protocol in another country, to perform interviews
with patients similar to our interviews to confirm whether
the selected attributes are also important to patients in their
country of interest.

- Inspire other researchers to conduct similar gene therapy
patient preference studies in different disease areas. This
protocol describes how the unique features of gene therapies
can be transformed to attributes and included in preference
studies. While some of the attributes described in this protocol
are specific to hemophilia, the researchers would like to
encourage others to apply the PAVING approach and use
similar attributes in other disease areas where gene therapies
are in development.
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and Clinical Trials: An Evaluation of
22 Marketing Authorization
Application Dossiers Submitted to
the European Medicines Agency

Marieke J. H. J. Dekker 1†, Sieta T. de Vries 1,2†, Carolien H. M. Versantvoort 1,

Ellen G. E. Drost-van Velze 1, Mansi Bhatt 1, Peter J. K. van Meer 1, Ineke K. Havinga 1,

Christine C. Gispen-de Wied 1 and Peter G. M. Mol 1,2*†

1Dutch Medicines Evaluation Board, Utrecht, Netherlands, 2Department of Clinical Pharmacy and Pharmacology, University

of Groningen, University Medical Centre Groningen, Groningen, Netherlands

This study assessed to what extent women were included in all phases of drug

development; whether the clinical studies in the marketing authorization application

dossiers include information per sex; and explored whether there are differences between

women and men in the drugs’ efficacy and safety. Data were extracted from dossiers

submitted to the European Medicines Agency. Twenty-two dossiers of drugs approved

between 2011 and 2015 for the treatment of various diseases were included. Female

animals were included in only 9% of the pharmacodynamics studies, but female and

male animals were included in all toxicology studies. Although fewer women than

men were included in the clinical studies used to evaluate pharmacokinetics (PK)

(29 to 40% women), all dossiers contained sex-specific PK parameter estimations.

In the phase III trials, inclusion of women was proportional to disease prevalence for

depression, epilepsy, thrombosis, and diabetes [participation to prevalence ratio (PPR)

range: 0.91–1.04], but women were considered underrepresented for schizophrenia,

hepatitis C, hypercholesterolemia, HIV, and heart failure (PPR range: 0.49-0.74). All

dossiers contained sex-specific subgroup analyses of efficacy and safety. There seemed

to be higher efficacy for women in one dossier and a trend toward lower efficacy in

another dossier. More women had adverse events in both treatment (73.0 vs. 70.6%, p

< 0.001) and placebo groups (69.5 vs. 65.5%, p < 0.001). In conclusion, women were

included throughout all phases of clinical drug research, and sex-specific information was

available in the evaluated dossiers. The included number of women was, however, not

always proportional to disease prevalence rates.

Keywords: clinical trials, sex, sex distribution, proportionality, disease prevalence, efficacy, safety, subgroup

analysis
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INTRODUCTION

“How excluding women from clinical trials is hurting our health”
(1) and “Most biomedical studies fail to report if results differ
by sex” (2) are just two newspaper headings, exemplifying
the large body of media attention suggesting that women are
underrepresented in drug trials and, if included, that the data
are not analyzed and/or reported for women separately. These
concerns are based on findings of several studies assessing
sex proportionality in pre-clinical or clinical research (3–5).
However, it has been argued that the underrepresentation of
women has improved over the years (6–8). This improvement
follows changes in regulatory requirements over time, where
coming from an era in which there was great reluctance to include
women in clinical trials after the thalidomide disaster, societal
pressure made the Food and Drug Association (FDA) change
their position in 1993 to recommend inclusion of more women
in clinical trials (9). A recent study evaluating FDA’s publically
available drug registration dossiers of commonly prescribed
drugs, indeed rejected any systematic underrepresentation of
women in clinical trials and suggested that some type of sex-
specific analysis has been performed in most cases (10).

A 2005 review by global regulatory authorities concluded
that phase I and II clinical trials were slightly underrepresented
with respect to women, but not the confirmatory phase III trials
(11). The population in phase III trials should equate disease
prevalence in women and men to reflect as much as possible the
real world population in a controlled setting (12). Not recruiting a
transposable population for this trial phase may result in a biased
understanding of drug effects, benefits and harms, in the real
world target population (9, 13). Previous studies have also shown
a larger sex disproportionality in the early trial phases compared
to the later trial phases and suggest that there may be differences
in sex proportionality across disease areas (10, 14).

Currently, representation of women has not been assessed for
each phase in the drug development process using data directly
from the marketing authorization application (MAA) dossiers.
These dossiers are, however, the source for regulators to decide
about the marketing authorization of drugs and are far more
detailed than what is ultimately published on regulators’ websites
in their public assessment reports. Therefore, the aim of this
study was to assess to what extent women were included in
all phases of drug development, that is in preclinical animal
studies, clinical studies evaluating pharmacokinetics (PK) from
phase I to phase III, and—proportionally to disease prevalence—
in the phase III clinical trials, for various diseases using the
information in the MAA dossiers. Our secondary aim was to
assess whether the clinical studies in the MAA dossiers include
efficacy and safety information per sex and to explore whether
there are differences between women and men in the drugs’
efficacy and safety.

METHODS

Data were extracted from MAA dossiers at the Dutch
Medicines Evaluation Board. These dossiers follow a globally
standardized format, i.e., Common Technical Document (15),

and contain thousands of pages with administrative data up
to the smallest detail of trial data. The standardized format
consists of five modules with Module 1 containing region-
specific administrative information, andModules 2–5 containing
information common for all regions about quality (Module 3),
non-clinical study reports (Module 4), clinical study reports
(Module 5), and a summary and overview of these aspects
(Module 2).

Included were the dossiers of a sample of drugs submitted for
marketing authorization through centralized procedures to the
EuropeanMedicines Agency (EMA) and approved for marketing
authorization between 2011 and 2015—i.e., the most recent five
years when we initiated this study—for the treatment of nine
major indications in three disease areas; (1) infectious diseases;
hepatitis C, human immunodeficiency virus (HIV), (2) central
nervous system diseases; depression, schizophrenia, epilepsy, and
(3) cardio metabolic diseases; heart failure, thrombosis, diabetes
mellitus, and hypercholesterolemia. These diseases were selected
because there were a number of drugs approved in recent
years, and/or there was a suggestion of poor representation of
women in clinical trials or there were possible sex differences
in effects (16). We excluded dossiers that were not based
on a full (or complete) dossier (article 8.3) (17), as only
full dossier applications contained the comprehensive set of
data on the pharmaceutical development, non-clinical studies
(pharmacological and toxicological), and clinical trials, including
PK studies needed to perform our review.

We reviewed data on sex representation in pre-clinical animal
studies, clinical studies evaluating PK from phase I to phase
III including population PK studies and sex distribution and
proportionality, i.e., representation of women in relation to the
disease prevalence, in the phase III clinical trials. In addition,
we assessed whether reported drug effects in the clinical PK
evaluations and phase III clinical trials were presented and/or
described per sex and whether efficacy and safety data suggest
sex differences.

Sex Assessment in Pre-clinical Studies
The sex of included animals was extracted from the
pharmacodynamics (PD) and the toxicology animal studies.
The first type of animal studies are performed to support the
efficacy of the drug in the target indication and provide an
understanding of the mechanism of action. The second are
standard International Conference on Harmonization (ICH)-
defined studies to understand basic toxicology of a new drug
product. Information was extracted from Module 2 and where
necessary from Module 4 of the dossiers.

Sex Assessment in Clinical Studies
Evaluating Pharmacokinetics
From the complete evaluation of PK in phase I, phase II
and III trials, and the population-PK studies included in
Module 2 and where necessary Module 5 of the dossiers, the
percentage of included women was determined per study. Next,
we assessed whether the key PK parameters, that is area under
the curve (AUC, a measure for drug exposure) and maximum
concentration (Cmax), were presented per sex. In case no AUC
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and Cmaxwere provided, we evaluated which other PK-measures
were presented per sex.

Sex Assessment in Phase III Clinical Trials
From the phase III clinical trials included in Module 2 and
where necessary Module 5 of the dossiers, the number of
participants and the sex distribution was extracted. Additionally,
we assessed whether efficacy and safety subgroup analyses by
sex were included, whether the efficacy was different between
women and men, and we collected the number of adverse events
(AEs) separately for women and men for both the treatment
and placebo groups. In case the number of AEs per sex was not
available, we evaluated whether other sex-specific safetymeasures
such as serious AEs or AEs of specific interest were available.

Analyses
We assessed how many studies included male animals only,
female animals only, both male and female animals, or did not
mention the sex of the animals. This was calculated for the total
sample and per disease.

For the clinical studies evaluating PK, we calculated the mean
percentage of women and men included in the different phases
(i.e., phase I, phase II and III, and population PK studies). Per
disease, women to men ratios were calculated for the mean AUC
and Cmax. A 0.8 to 1.25 exposure rate was interpreted as a non-
relevant difference, as this is the range considered acceptable
for demonstrating bioequivalence between drug formulations in
generic applications by the EMA (18).

For the phase III clinical trials, the overall number of women
and men included was calculated. Proportionality of the sex
distribution was determined by calculating the participation to
prevalence ratio (PPR) (19, 20) in which the percentage of women
in the studies was divided by the percentage of women in the
disease population. Data about disease prevalence rates in Europe
per sex were obtained from the Global Health Data Exchange
(http://ghdx.healthdata.org/) using data from the year 2010. For
thrombosis, prevalence data were not available in this database.
For this, a scientific publication was used of prevalence data of
total hip (THR) and knee replacements (TKR) in the US (21),
since the phase III studies of this MAA were conducted among
patients undergoing THR and TKR. A ratio between 0.8 and 1.2
was considered as proportional with a representation of women
in the studies similar to the representation of women in the
disease population, whereas, a ratio<0.8 or>1.2 was considered,
respectively an underrepresentation or overrepresentation of
women in the studies (19, 20).

Descriptive statistics were used to assess the number of
dossiers that contained sex-specific information on efficacy and
safety. We additionally calculated women to men ratios for the
efficacy parameter assessed for each of the dossiers using placebo-
adjusted data (e.g. odds ratios, mean difference to placebo),
active-comparator-adjusted data in case of a preventive drug
(primary or secondary prevention), or descriptive changes (e.g.
percentages, mean change from baseline) in case of missing
placebo-adjusted data. For the safety, the mean percentage of
women and men experiencing at least one AE for the drug and
placebo groups was calculated per drug and overall. Differences

in the number of women and men having AEs for the drug and
placebo groups were calculated using Chi-squared tests. P-values
< 0.05 were considered statistically significant.

All analyses were conducted using Microsoft Excel R©

version 2010.

RESULTS

In total, 287 medicinal products were centrally approved in the
European Union between Jan 1, 2011 and Dec 31, 2015. Sixty
of these 287 products were for the treatment of one of the nine
indications selected for our review. We excluded 16 of these
dossiers, because these applications were not based on a full
dossier (article 8.3); i.e., nine fixed combination products without
novel active substance, six “informed consent” dossiers referring
to another approved product, and one “hybrid” dossier. Of the
44 dossiers fulfilling our study criteria we included half in our
review since it was not feasible to evaluate all 44 dossiers. The
dossiers were randomly selected per disease which resulted in the
inclusion of 22 dossier of which seven were for drugs to treat
diabetes mellitus, six for hepatitis C, three for HIV, and one each
for depression, schizophrenia, epilepsy, heart failure, thrombosis,
and hypercholesterolemia (Figure 1).

Sex Assessment in Pre-clinical Studies
For eleven of the 22 dossiers, 124 mechanistic in-vivo PD animals
studies were available (Table 1). These studies included male
animals only, female animals only, both, or did not mention
the sex of the animals in respectively 86, 5, 4, and 5% of the
studies. There were no clear differences in these percentages
across the diseases. All 22 dossiers contained toxicology studies
and all included both female and male animals (Table 1).
Female animals were included in all conventional non-clinical
toxicology programs in accordance with ICH Safety guidelines
(www.ich.org), and e.g., to evaluate the impact of drugs on
reproductive toxicity (ICH Reproductive Toxicity guideline S5)
and in juvenile animals to investigate the drug’s impact on
e.g., sexual development (ICH Non-clinical Pediatric Safety
guideline S11).

Sex Assessment in Clinical Studies
Evaluating Pharmacokinetics
We identified 556 phase I, 120 phase II and III clinical studies
and 60 population PK studies in which PK was evaluated,
including an average of 29, 36, and 40% women, respectively,
in the 22 dossiers (Table 2). All dossiers contained sex-specific
information on PK parameters. In women, total exposure (AUC)
ranged from 1.08-fold (schizophrenia) to 1.30-fold (hepatitis
C) higher than in men (Figure 2A). Similarly, the rate of
exposure (Cmax) ranged from 0.97-fold (heart failure) to 1.33-
fold (thrombosis) higher (Figure 2B). An increase in exposure
>1.25, was observed for products for hepatitis C (AUC 1.30;
Cmax 1.26), depression (AUC 1.27), and thrombosis (Cmax
1.33). Numeric information on AUC and Cmax could not be
retrieved from two dossiers, i.e. perampanel and albiglutide. In
these dossiers however, the impact of sex on clearance (as PK
parameter) was estimated in population PK.
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FIGURE 1 | Flowchart of the included dossiers. * Information extracted from https://www.ema.europa.eu/en/medicines/download-medicine-data.

Sex Assessment in Phase III Clinical Trials
The dossiers contained 153 phase III clinical trials with a
total of 128,507 patients, of which 52,403 (41%) were women
(Table 3). All trials included both women andmen.Women were
represented proportionally to the disease prevalence (0.8 < PPR
< 1.2) in drug dossiers in the following indications: depression
(PPR: 1.02), epilepsy (PPR: 0.98), thrombosis (PPR: 1.04), and
diabetes (PPR: 0.91). Women were underrepresented in the
studies of hepatitis C (PPR: 0.72), HIV (PPR: 0.68), schizophrenia
(PPR: 0.74), hypercholesterolemia (PPR: 0.72), and heart failure
(PPR: 0.49) (Figure 3).

All dossiers contained sex-specific analyses on efficacy
and safety. Twenty dossiers contained numeric sex-specific
information on efficacy. These data generally showed similar
efficacy among women and men (Supplementary Figure 1).
However, higher efficacy rates were consistently observed in
women in the phase III trials of the medicinal product
perampanel for the treatment of epilepsy, and there was a
trend toward lower efficacy in women of the medicinal product
alirocumab for the treatment of hypercholesterolemia. For
some other products, an inconsistent pattern across different
investigated doses or studies was shown (i.e., vortioxetine,
apixaban, sofosbuvir, ledipasvir/sofosbuvir, and loxapine). The
dossiers that did not contain numeric sex-specific efficacy
information (i.e., dapagliflozin and telaprevir) presented other
sex-specific information (i.e., P-value of treatment-by-sex

interaction term or forest plots by sex). An additional search
in the individual study reports in Module 5 showed that the
sex-specific numeric information on efficacy information was
presented there. For both dossiers, the efficacy was similar
between women and men.

Twenty one dossiers provided numeric sex-specific
information on all observed AEs. Analyses of the overall
data show that a slightly higher percentage of women than
men reported any AE in the treatment group (73.0 vs. 70.6%,
P < 0.001; Table 4). Fifteen dossiers provided numeric sex-
specific information about AEs in the placebo group. Again, a
slightly higher percentage of women reported any AE (69.5 vs.
65.5%, P < 0.001; Table 4). These results were similar across
the investigated medicinal products (Table 4). The dossier
without numeric sex-specific information on all AEs contained
numeric sex-specific information on serious AEs and AEs of
special interest.

DISCUSSION

This study showed that women were included in all phases of
drug development, but that their number in the phase III clinical
trials is not always similar to disease prevalence rates. In the
preclinical studies, female animals were included in only 9% of
the PD studies, but male and female animals were included in
all toxicology studies. Women were somewhat underrepresented
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TABLE 1 | Inclusion of female and male animals in the pre-clinical pharmacodynamics and toxicology studies in 22 Marketing Authorization Application (MAA) dossiers.

Disease MAA dossier

(N = 22)

Pharmacodynamics studies Toxicology

studies

Use of

animals

Male animals

only, N (%)

Female

animals only,

N (%)

Both male

and female

animals, N

(%)

Sex not

mentioned, N

(%)

Female

animals used

Hepatitis C daclatasvir No Yes

dasabuvir No Yes

sofosbuvir No Yes

simeprevir No Yes

telaprevir No Yes

sofosbuvir/ledipasvir No Yes

HIV elvitegravir/cobicistat/emtricitabine/

tenofovir alafenamide

No Yes

dolutegravir No Yes

dolutegravir/abacavir/lamivudine No Yes

Depression vortioxetine Yes 14 (100) 0 (-) 0 (-) 0 (-) Yes

Schizophrenia loxapine No Yes

Epilepsy perampanel Yes 12 (71) 2 (12) 2 (12) 1 (6) Yes

Heart failure sacubitril/valsartan Yes 14 (93) 0 (-) 0 (-) 1 (7) Yes

Thrombosis apixaban Yes 3 (100) 0 (-) 0 (-) 0 (-) Yes

Hypercholes-

terolemia

alirocumab Yes 7 (78) 1 (11) 1 (11) 0 (-) Yes

Diabetes

mellitus

albiglutide Yes 11 (65) 0 (-) 2 (12) 4 (24) Yes

empagliflozin Yes 3 (75) 1 (25) 0 (-) 0 (-) Yes

dulaglutide Yes 5 (100) 0 (-) 0 (-) 0 (-) Yes

dapagliflozin Yes 9 (100) 0 (-) 0 (-) 0 (-) Yes

canagliflozin No Yes

lixisenatide Yes 10 (100) 0 (-) 0 (-) 0 (-) Yes

alogliptin Yes 19 (90) 2 (10) 0 (-) 0 (-) Yes

Total 107 (86) 6 (5) 5 (4) 6 (5)

in the PK studies (29 to 40% women) and in the phase
III trials (42% women), and the representation of women in
clinical studies differed across investigated diseases. All dossiers
contained information on PK parameters and subgroup analyses
of efficacy and safety per sex. The PK parameters generally
showed a slightly higher drug exposure in women. The efficacy of
the drugs was generally similar for women andmen except in one
dossier (perampanel) where efficacy was larger in women and one
other dossier (alirocumab) where there was a trend toward lower
efficacy in women. AEs were reported more frequent in women
than in men in both the treatment and placebo groups.

In our study, only 9% of preclinical PD studies contained
female animals. PD studies in animals are not powered to
identify differences between females and males. Rather, they are
intended to provide an estimate of the pharmacological dose-
response effect in a disease model. There are opposing views
on the importance of including (more) female animals. Some
argue that inclusion of female animals is not important since
the effectiveness of most drugs is similar, but others argue that
both females and males should be included to understand if drug

effectsmay bemodified by potential differences in physiology and
pathophysiology between both sexes (22). In line with regulatory
guidelines, however, female and male animals had been included
in all toxicology studies and therefore allow an adequate
assessment of safety in both sexes (23). When sex differences
are observed in toxicology studies, these should be justified. In
general, variability/variance and differences in PK profiles are
commonly underlying causes of observed sex differences in safety
parameters (24). Further interrogation of potential mechanisms
may be required if differences are considered clinically relevant.

A previous study using publicly available data from the
FDA showed a >20% difference between the proportion of
women with the disease and the proportion of women in clinical
trials in 26% of the investigated drugs (10). In our study, an
underrepresentation of women in phase III clinical trials was
shown in five (56%) of the nine assessed diseases. Potential
explanations for the difference in these proportions could be the
sampled dossiers, and the use of different prevalence data.

Another study showed that the inclusion of women has
improved over time, but that it is still low compared to

Frontiers in Medicine | www.frontiersin.org 5 March 2021 | Volume 8 | Article 64302843

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Dekker et al. Sex Proportionality in EMA Dossiers

TABLE 2 | Women included in clinical studies evaluating pharmacokinetics (PK) in 22 Marketing Authorization Application (MAA) dossiers.

Disease MAA dossier

(N = 22)

Phase I: N studies

(women%)

Phase II/III: N

studies

(women%)

Population PK: N

studies

(women%)

Hepatitis C daclatasvir 25 (21) 2 (32) 2 (49)

dasabuvir 37 (19) 0 (-) 2 (51)

sofosbuvir 13 (29) 8 (38) 2 (37)

simeprevir 25 (31) 7 (37) 6 (32)

telaprevir 26 (17) 6 (40) 1 (38)

sofosbuvir/ledipasvir 19 (31) 0 (-) 1 (39)

HIV elvitegravir/cobicistat/emtricitabine/tenofovir

alafenamide

38 (30) 2 (30) 1 (16)

dolutegravir 27 (24) 8 (22) 1 (20)

dolutegravir/abacavir/lamivudine 21 (51) 7 (21) 2 (16)

Depression vortioxetine 28 (38) 0 (-) 2 (48)

Schizophrenia loxapine 5 (47) 0 (-) 0 (-)

Epilepsy perampanel 27 (31) 2 (43) 2 (40)

Heart failure sacubitril/valsartan 44 (22) 9 (24) 1 (20)

Thrombosis apixaban 26 (14) 4 (60) 1 (56)

Hypercholes-

terolemia

alirocumab 9 (30) 7 (50) 1 (38)

Diabetes mellitus albiglutide 10 (33) 9 (45) 11 (49)

empagliflozin 29 (29) 1 (16) 1 (43)

dulaglutide 21 (34) 7 (47) 2 (47)

dapagliflozin 25 (17) 0 (-) 2 (51)

canagliflozin 35 (27) 5 (55) 1 (52)

lixisenatide 17 (35) 6 (41) 3 (49)

alogliptin 23 (26) 4 (16) 1 (50)

Total 556 (29) 120 (36) 60 (40)

their representativeness in the disease population (25). This is
confirmed in our study investigating more recently approved
drugs showing an underrepresentation of women in trials for
hepatitis C, HIV, schizophrenia, hypercholesterolemia, and heart
failure. Previous studies have also shown an underrepresentation
of women in trials for schizophrenia (26), heart failure (19), and
HIV (4). On the other hand, we found no underrepresentation
for depression, epilepsy, thrombosis, and diabetes. Further
studies should investigate the reasons for differences in the
disproportional inclusion of women in clinical trials across
diseases. A previous study conducting some exploratory analyses
on the underrepresentation of women in trials of cardiovascular
drugs suggested that in- and exclusion criteria might have had
only a minor effect, and that the underrepresentation may have
already occurred before screening (19). However, a survey study
showed that women and men were to a similar extent willing to
participate in clinical trials and that the few observed differences
in attitudes toward trials were even more favorable among
women than amongmen (27). This clearly demonstrates the need
to further assess explanations for the disproportional inclusion of
women in trials of some diseases, such as cardiovascular diseases.

Importantly, however, subgroup analyses of efficacy and safety
were available per sex in all of the evaluated dossiers. It is likely

that this sex-specific evaluation has improved over the years. A
review of randomized controlled trials for cardiovascular disease
prevention published between 1970 and 2006 showed that sex-
specific analyses of the results were available in about one third
of the studies (25) whereas a review of new drugs approved by
the FDA between 2007 and 2009 showed that 74% of the dossiers
had both efficacy and safety data presented per sex (28). The
authors of that study utilized publicly available data only and
may therefore have underestimated the totality of sex-specific
information included in MAA dossiers.

The key question of sex differences in clinical drug trials is
whether there are differences in drug response (29). Physiological
differences between women and men exist, and may result in
differences in the behavior of the drug in the body (30). Examples
are differences in drug metabolism due to differences in body
composition and concomitant use of contraceptives, resulting
in different drug effects (31) or different elimination patterns
as suggested with a drug like zolpidem (32). Knowledge of
such sex differences is important when studying the PK of
new drug molecules. Our study shows that although women
are generally underrepresented in the early phase trials in
which PK is evaluated, potential sex differences in critical PK
parameters are well-studied. For none of the products in the
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FIGURE 2 | Women-to-men ratios of (A) the area under the curve (AUC) and (B) the maximum concentration (Cmax) per disease (number of dossiers included). For

epilepsy there are no AUC or Cmax data available. The clinical dossier of perampanel used population pharmacokinetics (PK) to estimate the sex impact on clearance

parameters. For schizophrenia only total exposure (AUC) data have been reported for women.

FIGURE 3 | The Participation to Prevalence Ratio (PPR) of the phase III clinical studies per disease (number of dossiers included).

three disease areas with>1.25-fold observed increases in rate and
extent of exposure (Cmax, respectively, AUC), sex-specific dosing
recommendations were needed. For example, the Summary of
Product Characteristics (SmPC) of apixaban mentions that sex-
specific analyses indicate similar drug effects (benefits and AEs)

in women and men. In addition, low body weight is a criterion
for lowering the dose in nonvalvular atrial fibrillation and after
elective knee and hip replacement for the prevention of venous
thrombotic events, and this may suffice to prevent too high
exposure in—generally less heavy—women.
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TABLE 3 | Descriptive statistics of the inclusion of women and men in the phase III clinical trials.

Disease Drug included

(N = 22)

N Trials Total

population

N women (%) N men (%)

Hepatitis C daclatasvir 1 222 145 (65) 77 (35)

dasabuvir 6 2,315 949 (41) 1,366 (59)

sofosbuvir 5 1,336 485 (36) 851 (64)

simeprevir 11 2,569 854 (33) 1,715 (67)

telaprevir 3 2,290 869 (38) 1,421 (62)

sofosbuvir/ledipasvir 3 1,952 777 (40) 1,175 (60)

HIV elvitegravir/cobicistat/emtricitabine/tenofovir

alafenamide

5 3,465 491 (14) 2,974 (86)

dolutegravir 4 2,667 546 (20) 2,121 (80)

dolutegravir/abacavir/ lamivudine 12 4,299 855 (20) 3,444 (80)

Depression vortioxetine 13 5,737 3,760 (66) 1,977 (34)

Schizophrenia loxapine 2 658 249 (38) 409 (62)

Epilepsy perampanel 4 2,666 1,349 (51) 1,317 (49)

Heart failure sacubitril/valsartan 5 29,066 7,607 (26) 21,459 (74)

Thrombosis apixaban 3 12,500 7,921 (63) 4,579 (37)

Hypercholes-

terolemia

alirocumab 10 5,296 1,994 (38) 3,302 (62)

Diabetes mellitus albiglutide 8 4,895 2,353 (48) 2,542 (52)

empagliflozin 9 10,452 3,877 (37) 6,575 (63)

dulaglutide 5 4,572 2,241 (49) 2,331 (51)

dapagliflozin 12 5,662 2,729 (48) 2,933 (52)

canagliflozin 10 7,712 3,442 (45) 4,270 (55)

lixisenatide 8 3,507 1,874 (53) 1,633 (47)

alogliptin 14 14,669 7,036 (48) 7,633 (52)

Total 153 128,507 52,403 (41) 76,104 (59)

Detected pharmacological differences between women and
men may not directly show meaningful clinical outcome
differences in phase III trials, but one could also argue that
they are overlooked if no sex-specific criteria are defined by
regulators. Currently, standard subgroup analyses are requested
by the EMA (33) but without specifying a minimal sample size
of such subgroups, which is important for a reliable estimation of
the variance in the population (22). In our view, MAA dossiers
should thus contain phase III clinical trials with a large enough
representation of women to allow identification of potential
effect modification. It may not be necessary, nor realistic without
inflating the trial size enormously, to power the study for efficacy
in this, or for that matter in any other subgroup. It is, however,
key that at the planning stage the size of these subgroups is pre-
planned and reflects the population prevalence. Finally, more
sex-specific information such as modification of drug effects
due to hormonal status may be of relevance to premenopausal
women. In an era of personalized medicine, availability of this
information may guide selection and dosing of the therapy to the
individual patient.

Our study showed that the efficacy of the assessed drugs
was generally similar for women and men. In two dossiers,
however, sex differences in efficacy were observed. At the same
dosage, efficacy was higher in women for perampanel. This sex

difference has been reported previously where it was suggested
that it may be due to lower clearance and accompanying
higher plasma concentrations in women than in men (34). For
alirocumab there was a trend toward lower low density lipid
cholesterol (LDL-C) reductions in women. Similar observations
were made in a recent pooled analysis of 10 phase III trials
(35). In both dossiers, however, when considering the totality of
efficacy information available, the observed differences were not
considered to change the benefit-risk balance of these products,
and no differential recommendations were proposed for women
vs. men in the SmPC. In the perampanel dossier the drug is
titrated to therapeutic response and tolerability, and it may be
that in clinical practice women receive lower maintenance doses
than men.

In our study, AUC and Cmax generally were slightly higher in
women than in men. This may also explain in part the observed
higher number of women having AEs which is supported by
post-marketing studies showing a higher number of women
experiencing and/or reporting AEs (36–38). We, however, also
found that AEs are more common for women in placebo groups.
This suggests that there may be sex differences in nocebo effects
as has been indicated previously (39).

Our data do not immediately lead to actively recommending
that regulatory guidance needs to be altered with regards to
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TABLE 4 | Percentage of women and men experiencing any adverse drug event in (A) the treatment and (B) the placebo groups (overall and per drug).

Treatment Placebo

Men Women P-value Men Women P-value

Overall 70.6 73.0 <0.001 65.5 69.5 <0.001

daclatasvir 85.0 88.0 0.256 n/a n/a n/a

dasabuvir 80.6 86.8 <0.001 72.2 82.0 0.064

sofosbuvir 87.6 94.4 <0.001 79.4 75.7 0.707

telaprevir 98.0 98.9 0.193 95.9 98.3 0.060

simeprevir 94.6 96.2 0.323 93.5 96.4 0.198

ledipasvir/sofosbuvir 76.8 82.8 0.001 n/a n/a n/a

elvitegravir/cobicistat/emtricitabine/ tenofovir alafenamide 84.8 82.2 0.298 n/a n/a n/a

dolutegravir 84.3 81.3 0.199 n/a n/a n/a

dolutegravir/abacavir/lamivudine 89.5 82.7 0.032 n/a n/a n/a

vortioxetine 60.2 65.5 0.006 54.6 61.7 0.008

loxapine 33.0 43.0 0.024 34.3 42.6 0.186

perampanel 74.9 78.8 0.136 63.6 69.4 0.202

sacubitril/Valsartan 31.0 38.3 <0.001 30.9 33.3 0.643

alirocumab 76.0 75.4 0.693 75.5 77.8 0.346

albiglutide 81.9 85.1 0.053 80.5 84.7 0.238

empagliflozin 66.0 73.9 <0.001 66.5 72.2 <0.001

dulaglutide 65.8 74.2 <0.001 63.2 70.8 0.053

dapagliflozin 59.3 64.0 0.006 52.4 61.6 <0.001

canagliflozin 56.8 62.3 0.021 56.0 59.0 0.443

lixisenatide 66.9 71.4 0.026 59.0 65.3 0.036

alogliptin 63.0 67.9 0.047 61.0 65.5 0.366

P-values < 0.05 are considered statistically significant (bolded).

inclusion of women into clinical trials in general. However, for
specific diseases, more attention to including a representative
sample seems desirable. For clinical practice, however, it is
important that appropriate information about sex differences
in efficacy and safety is made available in publicly accessible
regulatory documents. Initiatives like the electronic Product
Information (40) and intensified collaboration of regulators
with national professional societies may facilitate translation
into clinical practice and professional guidelines. Further,
information on drug effects in underrepresented subgroups may
be complemented by studies performed in observational data
sets, i.e., real world evidence studies.

To the best of our knowledge, this is the first study that
evaluated the use of female animals and participation of women
across all phases of respectively, pre-clinical and clinical drug
development in MAA dossiers submitted to the EMA. An
important strength is that we had access to the individual study
reports in the dossiers. A limitation is that a sample of dossiers
across a limited number of disease areas until the year 2015
was included. The findings might not apply to other diseases,
to other drugs within a therapeutic area or to more recently
marketed drugs. We may have introduced selection bias, and
may have overestimated the underrepresentation of women,
because we selected disease areas where a number of drugs
had been approved previously with a suggestion of a poorer
representation of women in clinical trials (16). Also, it should

be noted that we assessed the proportionality of the clinical
phase III trials at a disease level. For some of the diseases
we included several dossiers that generally included multiple
clinical trials. This implies that for individual dossiers within
a disease area representation of women could differ. Indeed,
a post-hoc analysis shows some differences between different
dossiers within the same disease area, particularly for hepatitis
C (Supplementary Figure 2). This also indicates that the results
of the other disease areas should be interpreted cautiously since
we included only one dossier for those areas. Furthermore,
for the prevalence rates we mostly used European data since
we evaluated European MAA dossiers, but clinical trials are
usually conducted across continents. A post-hoc analysis using
global prevalence rates for diseases showed, however, similar
results except for HIV (Supplementary Figure 3). We were
not able to assess differences in recruitment of women and
men across regions in the included trials. Also, the results
of women to men efficacy ratios should be interpreted with
caution, since these results are based on subgroup analyses
and are not adjusted for possible sex differences in these
subgroups, such as disease severity, comorbidity, body size,
or age. This also applies to our assessment of sex differences
in AEs. The analyses of sex differences in efficacy and safety
were explorative. Given the large variation across the different
included drugs and therapeutic areas in e.g., the studied efficacy
outcomes, type of AEs, and type of analyses, future studies
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are required for a more detailed assessment of sex differences
in the efficacy and safety of a specific drug, drug class, or
therapeutic area. In these studies, the role of characteristics
such as age, weight, and race should also be assessed, and there
should be specific attention for differences between pre- and
postmenopausal women.

CONCLUSION

This study showed that women were included throughout all
phases of drug development in the assessed dossiers. Although
the inclusion of female animals in PD pre-clinical studies was
low, female animals were included in all toxicology studies.
Equally, while women were generally underrepresented in
clinical studies in which PK was evaluated, all assessed dossiers
contained information per sex on PK parameters. Finally, about
half of the evaluated diseases did not have a proportional
representation of women compared to disease prevalence rates,
but a good representation was shown for some diseases, and
subgroup analyses of efficacy and safety per sex were available
in all evaluated dossiers. The efficacy in the assessed dossiers
was generally similar for women and men, but women had
slightly more often AEs both in the treatment and in the
placebo groups. However, not all the information present in
MAA dossiers is available for the public. Therefore, we argue
that regulatory authorities should be more transparent and share
these data more actively wherever possible. In certain disease
areas, more attention should be paid in the planning stages
of drug development to assure that a proportional group of
women is included allowing a proper evaluation of potential
effect modification.
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The pace of scientific progress over the past several decades within the biological,

drug development, and the digital realm has been remarkable. The’omics revolution

has enabled a better understanding of the biological basis of disease, unlocking the

possibility of new products such as gene and cell therapies which offer novel patient

centric solutions. Innovative approaches to clinical trial designs promise greater efficiency,

and in recent years, scientific collaborations, and consortia have been developing novel

approaches to leverage new sources of evidence such as real-world data, patient

experience data, and biomarker data. Alongside this there have been great strides in

digital innovation. Cloud computing has become mainstream and the internet of things

and blockchain technology have become a reality. These examples of transformation

stand in sharp contrast to the current inefficient approach for regulatory submission,

review, and approval of medicinal products. This process has not fundamentally changed

since the beginning of medicine regulation in the late 1960s. Fortunately, progressive

initiatives are emerging that will enrich and streamline regulatory decision making and

deliver patient centric therapies, if they are successful in transforming the current

transactional construct and harnessing scientific and technological advances. Such a

radical transformation will not be simple for both regulatory authorities and company

sponsors, nor will progress be linear. We examine the shortcomings of the current

system with its entrenched and variable business processes, offer examples of progress

as catalysts for change, and make the case for a new cloud based model. To

optimize navigation toward this reality we identify implications and regulatory design

questions which must be addressed. We conclude that a new model is possible and

is slowly emerging through cumulative change initiatives that question, challenge, and

redesign best practices, roles, and responsibilities, and that this must be combined with

adaptation of behaviors and acquisition of new skills.

Keywords: regulatory, digital, dynamic, cloud, review, artificial intelligence (AI), machine based learning,

ecosystem
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INTRODUCTION

We live in a time of transformation and accelerated change.
Rapid advancement in our understanding of the biological basis
of diseases, genomic science, informatics, and digital health over
the past several decades is yielding breakthrough therapies that
change patient’s lives (1). This is fueled both by novel approaches
to generate evidence using new sources of information (such as
real-world data, patient experience data, and digital biomarkers),
and by a drive toward patient centric development. Meanwhile,
clinical trial conduct is being transformed, for example by using
decentralized approaches that leverage remote monitoring and
reduce the burden on patients traveling to visit clinical sites.
All these innovations are enabled by digital technology—this
generation’s “steam engine” and what has been referred to as the
4th industrial revolution (2).

Innovation in the submission, review and approval of
regulatory data on medicinal products has also progressed over
the last few decades, primarily focused on standardization of
formats and efficiency of operations. However, without a radical
re-imagining of this approach, it will not be possible to fully
embrace broader advances in science and digital technology.
Regulatory authority review and approval of medicinal products
still largely relies on construction and exchange of electronic
versions of paper documents. Thus, valuable data are locked away
in formats that impede update or re-use resulting in regulatory
processes with discrete and often unconnected milestones for
interaction. Further, bespoke and convoluted workflow processes
still differ across both regulatory authorities and company
sponsors and are so entrenched and hardwired that they will be
challenging to de-construct. This transactional model of static
and intermittent exchanges between regulatory authorities and
company sponsors obstructs a holistic and iterative view of data
supporting a medicinal product’s efficacy, safety, and quality
profile related to its intended use.

In short, a radical digital transformation of the approach for
regulatory submissions and review is needed to allow for dynamic
contemporaneous updating of regulatory data. The Covid-19
pandemic has highlighted the need for rapid secure exchange
between regulatory authorities to understand the basis of
decisions and accelerate global approvals. This will require a fresh
look at the multiple industry and regulatory authority digital
platforms. A secure shared solution could facilitate valuable
collaboration between regulatory authorities to maximize their
resources and enhance efficient regulatory authority reviews and
approvals across the globe. Such a re-imagined model would
ultimately be able to accommodate the global use of new evidence
sources such as real world evidence from electronic health
records, wearable health devices, and exploit digital tools such
as machine-based learning (MBL), and artificial intelligence (AI).
Regulatory authority decisionmakingwould be enriched through
access to new evidence sources, such as non-applicant generated
external data, and broader product context through identification
of common trends across similar products.

In this article, we share our perspectives on current challenges
in regulatory submission and review procedures (aka “pain
points”) and identify regulatory design questions that help us

navigate toward a new model. While potential benefits span the
entire research, development and lifecycle spectrum (Figure 1),
we focus solely on opportunities to transform interactions
between company sponsors and regulators via the late-stage
processes of submission build, review, and approval [i.e., issue of
a Marketing Authorization (MA)] and lifecycle management.

An ultimate aspiration would be a secure regulatory ecosystem
that accommodates all stakeholders who use information beyond
company sponsors and regulators [e.g., health care professionals,
Health Technology Assessors (HTAs), patient advocacy groups,
individual patients, and academics]. With necessary safeguards
and controls, this ecosystem could enable a learning healthcare
system1. A roadmap for this is beyond the scope of this article.
However, we also believe that as each iterative innovation (use
case) is progressed with this aspiration in mind, a roadmap is
slowly emerging.

CURRENT MA SUBMISSION AND REVIEW
PROCESS: LIMITATIONS AND
CHALLENGES

Thanks to the work of the International Congress for
Harmonization (ICH) in standardizing content, structure,
and format of regulatory submissions via the Common
Technical Document (CTD) and the electronic CTD (3–6)
company sponsors and regulators have benefited from and have
longstanding familiarity with largely consistent expectations,
notwithstanding locally required content. Online navigational
aids (hypertext links) have created the ability to move across
hundreds or thousands of individual documents, and company
sponsors can submit and update their marketing authorization
applications (MAAs) to multiple agencies without having
to re-format the majority of the information. Importantly,
multidisciplinary review and information sharing became
much easier.

With standardization the focus, formal exchanges between
company sponsors and regulators have been predicated on
sequential and prescriptive document transactions in the form of
regulatory submissions. Introduction of electronic submissions
and eCTD digitalized these files (Adobe acrobat Portable
Document Formats (PDFs)2 but the basic system of review and
exchange of product information between company sponsors
and regulators remains a static “snapshot in time” via individual
documents, with changed content requiring new or replaced
versions. Content remains trapped within documents hampering
the application of new digital tools. The persistent burden
of content update across individual interdependent documents
is significant and open to error. Similarly, the cumbersome
nature of access and extraction of PDF content, where needed

1A Learning Healthcare System is defined, by the Institute of Medicine (IoM)
(Institute ofMedicine 2015), as a system in which, “science, informatics, incentives,
and culture are aligned for continuous improvement and innovation, with best
practices seamlessly embedded in the delivery process and new knowledge
captured as an integral by-product of the delivery experience.”
2A minority of regulators (e.g., US FDA) also require raw data sets and programs
but for most regulatory authorities the submission comprises of PDF components.
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FIGURE 1 | Simplified schematic of drug development and review. *Timing of HTA process varies according to national procedures—in some countries HTA review

may start in parallel to regulatory view.

by regulators for internal review templates and for companies
to re-use, neatly illustrates the inadequacy of this outdated
document based model. Additionally, use of external real world
evidence in submissions is increasing. Information and data
needs demand that we unlock the full potential of machine based
learning and artificial intelligence to successfully interrogate
and integrate diverse sources of evidence—company-generated
clinical studies and real world data—for the benefit of current and
future patients.

Clinical Data Challenges
The focus of the current transactional model on data sequestered
mainly within Adobe PDF documents produces significant
inefficiencies and challenges for clinical documentation.
These include maintaining the critical linkage between the
protocols, statistical analysis plans, study results within clinical
study reports and subsequent responses to regulatory queries
containing additional or amended results. The lack of linkage or
synchronization between the design process (regulatory scientific
advice, protocol review, statistical analysis plans, and programing
specifications), study outcome (study report text and tables), and
the subsequent regulatory review and queries leads to significant
inefficiencies and delays to decision making. Advanced analytical
tools such as semantic search and visualization make possible the
linkage of all these materials, offering the potential to transform
regulatory interactions during these stages while delivering
substantial process efficiencies. The use of additional tools
relying on the data and algorithm standards, offer the potential
to perform rapid analyses of the clinical datasets supplied to the
FDA, for example, in order to verify and explore the outcomes
from clinical trials whilst maintaining the linkages between all
this information. These solutions have the potential to deliver
a more effective platform which will enhance the review of all
submission information related to clinical trials.

Chemistry Manufacturing and Control
(CMC) Data Challenges
Submissions for regulatory review of CMC/Quality follow
complex bespoke company processes to aggregate information
from a variety of sources (including methods and assays from

laboratory and manufacturing equipment) to build tabulations
and develop different summaries for multiple countries. CMC
content populates relevant sections of the CTD and is generally
in CTD/eCTD format that is globally harmonized at a high level.
Beyond the high level harmonization, there are variations in
information and ancillary documents by country. After receipt,
regulators may then manually extract the text-based information
from the tables in PDF forms via copying or re-transcribing
to import the data into their internal databases, workflow, and
evaluation tools.

As with Clinical and Safety, CMC information is continually
updated from early research through to MA and beyond
via post marketing changes, where it can be even more
complex. Across the globe there is typically a delay in
regulator review and approval of post approval changes (often
CMC), resulting in a queue of changes awaiting action/review
by national regulators due to lack of risk-based approaches
(especially in emerging markets), forced sequencing, and/or
limitations in regulatory authority review resources. This
issue is identified as contributing to medicine shortages (7).
Therefore, there is considerable advantage in a future ability to
release real time updates simultaneously to multiple regulators
post approval.

Envisioning a New Model for Regulatory
Submissions and Review
There is a need to transform the submission, review, and
exchange of data between company sponsors and regulators in
approval of medicinal products. A cloud based platform (or
equivalent) could house a much more dynamic and iterative
exchange. For example there could be a series of data rooms, an
individual company sponsor only data room where data could be
uploaded in a continuous fashion as each submission component
is finalized, a shared room between the company sponsor and
the regulatory authority where they may interact on review
issues and a regulatory authority—only roomwhere the regulator
will conduct confidential review and will interact internally
with reviewers in the same health authority. Such an approach
could enable a more dynamic and iterative exchange between
regulatory authorities and company sponsors unlocking some
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time efficiencies and creating more of a “living system” which
houses all current data supporting the product. Adobe acrobat
PDFs could be broken up and data structured in databases
rather than documents—allowing more efficient abstraction and
analysis. The benefits of this approach could continue post
approval and facilitate CMC post approval change management
by reducing bottlenecks via a more contemporaneous update and
exchange. This approach could also provide a secure platform
for regulator to regulator collaboration for example in a work-
sharing or reliance setting. Over time further efficiencies could
be unlocked by the application of machine based learning and
artificial intelligence as data would be in formats more amenable
to this. Benefits could include automation of routine tasks to save
resources and identification of trends in data via digital tools.
This would also allow greater use of modeling and simulation
which could unlock new insights. Such a model would be more
amenable to incorporating data from non-traditional sources
such as real world data.

Progress to Date
Substantial industry investment is being made to advance this
new model. Accumulus Synergy, established as a not-for-profit
standalone organization in 2020 with initial funding from several
leading pharmaceutical companies3, represents a significant
step forward (8). The long-term vision is to transform the
dialog between regulatory authorities and company sponsors
by defining the future of data exchange, clearly aligning
with the model envisaged in this article. Accumulus-Synergy
is actively working with regulatory authorities such as the
US FDA, the EMA, the Pharmaceutical and Medical Devices
Agency (PMDA) in Japan and others to define the path
forward through practical means—for example, by establishing
initial use cases that benefit both industry and regulators
by tackling common pain points. This is a new approach
which is not merely optimizing current document based
transactional systems but is re-imagining an entirely new
approach. Core capabilities will be developed incrementally
with the aim of these producing scalable global solutions.
There is recognition of the need to prove value by building
short term capability and yet not lose sight of the long-term
vision which will radically transform regulatory submissions,
review and approvals, ultimately enabling efficiencies via artificial
intelligence and machine-based learning.

Furthermore, several regulatory authorities are already
pursuing digital modernization strategies to enhance their
IT capacity and data management, and advance analytics
capabilities to keep pace with the rapidly evolving scientific
and technology aspects of digital Research and Development
(R&D). Recent examples are the FDA Technology and Data
Modernization Action Plan (TMAP) (9), and the European
medicines regulatory network telematics strategy (10). In
addition to these modernization plans and strategies, regulatory
authorities are also engaged in numerous standards organization

3At the time of writing members included Amgen Astellas, Bristol Myers
Squibb, Eli Lilly, GlaxoSmithKline, Johnson and Johnson, Pfizer, Roche, Sanofi,
and Takeda.

based data initiatives (e.g., ISO IDMP and HL7’s Vulcan),
Public Private Partnerships (e.g., IMI initiatives), industry
collaborations (Transcelerate), submission, and review data
standardization and knowledge initiatives (e.g., FDA’s PQ/CMC
and KASA) (Table 1).

Some regulatory authorities are advancing initiatives to
also address the CMC data management challenge. The FDA
Pharmaceutical Quality and CMC (PQCMC) effort (Table 1),
for example, seeks to standardize data and format elements of
the CMC submission in eCTD Module 3, moving away from
the PDF based requirement to a structured data one (11).
This is expected to bring several advantages: decrease reviewer
time and effort to populate assessment templates and tools,
leverage workflow management tools relevant to inspections,
inform decision making with enhanced understanding of
context and precedent, and optimize workflow using tools
such as the Knowledge Aided Assessment and Structured
Application (KASA) program used by FDA for generic drugs,
(Table 1). ICH is also considering improvements to CTD quality
documentation, endorsing a revision to the M4Q guidance on 27
May 2020 (18).

REGULATORY IMPLICATIONS FOR A NEW
MODEL FOR REGULATORY SUBMISSIONS
AND REVIEW

The new model outlined here will take time and require a
balanced approach to accommodate all stakeholder viewpoints.
Successful execution will depend on both building value through
incremental use of practical use cases in the short term (e.g., via
Accumulus -Synergy’s current activities) while maintaining the
longer-term ambition (Figure 2).

It’s important not to underestimate the challenges. Fenn and
Blosch (19) illustrate the typical course of introduction of new
technology as five phases. Initially an innovation trigger leads
to a peak of inflated expectations followed by a trough of
disillusionment. Ultimately as realistic expectations of capability
emerge, there is a slope of enlightenment followed by a plateau of
productivity (Figure 3).

It is important to realize that this new model is not simply
moving the existing approach to submissions into a new storage
repository (cloud), rather it will require a comprehensive process
and requirements re-design. Submission build will be more
iterative and incremental with the possibility of a closer to real
time exchange of data with the regulatory authorities, without
being restricted to milestone based meeting dates. Below we
identify some design questions and implications in moving
toward the new model. While a detailed analysis of the solutions
to these questions is beyond the scope and intention of this
article, we hope to initiate and encourage multi-stakeholder
dialog. Ultimately, we aim to contribute to both calming
the “hype curve” by avoiding overly optimistic extremes, and
collectively attaining the slope of enlightenment more quickly.
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TABLE 1 | Examples of platforms/initiatives advancing data standardization, knowledge application, data sharing, and utilizing new forms of evidence.

Platform/initiative summary Advancing the Healthcare sector to a new Paradigm through:

Pharmaceutical Quality/Chemistry manufacturing and Controls, (PQ/CMC, A HL71

sponsored US FDA data standardization initiative pursuing standardized [eCTD

Module 3] CMC data and format, moving away from the PDF based requirement, to a

structured data model (11). It also includes streamlined population of assessment

templates by reviewers and leveraging of workflow management tools relevant to

inspections, and a proof of concept to assess the feasibility of HL7 as a data

exchange solution for PQ/CMC sponsored by the HL7 Biomedical Research and

Regulation (BR&R) Work Group2

Informed decision making through structured data exchange between FDA

and sponsors, enhancing understanding of context and precedence

through use of internal tools for structured review, automated workflow, and

knowledge management such as KASA

International Organization for Standardization (ISO), comprising national standards

bodies in 165 countries, has developed Identification of Medicinal Products (IDMP) as

a controlled standard vocabulary. IDMP is referenced by FDA and EMA in their data

standardization efforts but largely in use in Europe. Standardized terms will facilitate

inter-operability of systems (12)

Common and unique identifiers for pharmaceutical products and substance

information through data standardization. Applications in

pharmacovigilance, clinical trials, regulatory submissions, and GMP

inspections (12)

Vulcan, launched by Health Level Seven® International (HL7®), seeks to use its widely

recognized data exchange standards to facilitate collaboration among diverse

stakeholders in the translational and clinical research community to define a common

set of standards that can be implemented internationally (13)

Effective acquisition, exchange, and use of data in translational and clinical

research using data exchange standards to promote interoperability across

healthcare and clinical development

Knowledge Aided Assessment and Structured Application program (KASA), used by

US FDA in Generic drugs, mining data to recognize patterns and trends across

different applications. Potential for broader FDA adoption with added risk assessment

support (14)

Enhanced internal workflow and learning through knowledge sharing across

applications and efficiency of review through data mining

TransCelerate is a not-for-profit biopharmaceutical organization that has pioneered

improvements in clinical research and development, specifically collaboration and

data sharing. Examples include Common clinical trial protocol template; and

DataCelerate® a global cloud-based data sharing platform that allows for

deidentified, anonymized pre-clinical, and clinical data types to be requested and

voluntarily shared in a secure and data compliant way (15)

Reusable content, “cloud” collaboration and data sharing through structured

reusable content to streamline clinical development data operations

Innovative Medicines Initiative (IMI), offers two examples of projects focusing on novel

healthcare evidence sources such as EHDEN for electronic health records (European

Health Data and Evidence Network) (16) and BD4BO, (Big Data for Better Outcomes)

(17)

Secure Data network using common data models for healthcare data to

inform clinical practice, and promote clinical research

1https://confluence.hl7.org/display/HE/HL7+Essentials.
2https://confluence.hl7.org/display/BRR/Pharmaceutical+Quality+%28PQ%29+PSS.

To What Extent Will There Be a Move From
a Document Driven to a Data Driven
Approach?
As mentioned earlier, Adobe PDF documents comprise much
of the information in regulatory submissions. This format
is not optimal to exploit artificial intelligence and machine-
based learning tools. Initiatives are underway to develop
structured content management systems whereby a database
holds human and machine-readable blocks of information and
allows importation of such data into linked documents (21).
Any change to such documentation can be made once only
and automatically applies to all linked content. This database
approach holds considerable advantage in improving both data
integrity and re-usability. However, we suggest that there is still
critical value added via company sponsor authored summaries.
One example being the clinical overview which brings a strategic
and expert clinical opinion to positioning of data messages, and
cross functional linkages to preclinical and CMC content such
as justifying clinically relevant specifications. Therefore, we do
not envisage that all submission components will move from
a document driven to a data driven approach, at least in the
short term.

What Is a Regulatory Submission and How
Is It Defined?
Today, submission of an application to the regulatory authorities
is developed over time and formally submitted by the company
sponsor once the last document is available. Each submission
must contain all the data and information required for review
and, if digital, is typically published with navigational aids
before digital upload to the regulator. The upload then requires
regulatory authority acknowledgments, in most cases, both initial
receipt, followed by confirmation that construction and format
requirements have been met through successful processing via
the regulatory authority portal and/or technical validation tool.
These control steps take place prior to content review.

The new paradigm takes this digital upload approach further.
Data and information may theoretically be uploaded by the
company sponsor into a secure virtual environment “cloud” as
each defined “data packet” is ready, at that point becoming
available for regulatory authorities to access the required data
or information on a product by pulling down from the cloud
to effectively start to assemble the submission according to their
regulatory requirements and potentially start review for each
individual component without waiting for all components to
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FIGURE 2 | Three horizons for transformative change.

FIGURE 3 | Hype cycle (20).

be uploaded. Another option would be for company sponsors
to upload data as each component is finalized, but only open
regulatory authority access once all components are ready for
review. Digital upload and access, e.g., the definition of a “data
packet,” will require precise rules and standards. Different design

rules may need to apply or be desirable depending on the type of
review and the product.

The FDA OCE’s pilot Real Time Oncology Review (RTOR),
operates in the current regulatory framework while allowing
earlier provision of clinical data shortly after all patient data
has been entered and locked by the applicant in their database.
Earlier FDA feedback on clinical data has resulted in company
provision of additional analyses and proven benefit in reduced
approval timelines (22). Although this is not actually a true
real time continuous upload and iterative review process, it
is a significant innovation that moves us a step closer to
this new model. However, there are resource implications and
process adjustments arising from a more iterative approach
both for company sponsors and regulatory authorities since
it potentially requires new rules on when and how queries
would be triggered/expected and timelines for responses. Initially
these approaches may be limited to products with high unmet
need. Unlocking further efficiencies via enhanced use of AI and
MBL is likely needed before more widespread application could
be considered.

What Is a Marketing Authorization
Approval and What Is It Based on?
In the current paradigm, there is the concept of pre-approval
before the regulatory authority has reached a decision to approve
the product, and post approval whereby the product can be made
available commercially. After (“post”) approval, companies must
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continue to submit safety, efficacy, and manufacturing updates to
ensure the product holds contemporary information throughout
its life cycle, and where licensed for use. There are different levels
of product knowledge, expectations, and obligations before and
after approval, so this distinction is important.

Data uploaded in real time into a cloud-based data
sharing environment, as mentioned above, potentially blurs the
distinction between pre and post approval data flow. Company
sponsors generally need predictability of timing for approvals
to plan manufacture of launch supplies. A need remains for
the regulatory authority to make a point in time decision on
whether sufficient evidence has been submitted to grant the MA
and make it available to patients. In this scenario, as with the
aforementioned point on incremental data release, it will be
critically important to secure a clear mutual agreement between
regulatory authorities and company sponsors on when and how
the threshold and criteria for initial approval(s) have been met
and the expected projected timeframe for the final decision given
the potential for continuous and contemporaneous updating of
information. It will also be important for company sponsors and
regulatory authorities to preserve a freeze frame record of the
knowledge base at the time of approval as without this the initial
basis for the approval will be without context and unclear.

There is further potential to enrich regulatory authority
decision making with digital tools expected to make it easier to
refer to external data sources/algorithm analyses and/or identify
trends applicable across similar classes of medicines. Learnings
across products can be facilitated by developing new constructs
on re-use/pooling of data to enable a broader context to be built
around the review. In the future, Regulatory authority decisions
for a single product may no longer be based predominantly on
the data sources submitted by the individual company sponsor.
External data/analyses may be leveraged and be confidential to
the regulatory authorities and use could be reasonably expected
to increase over time as AI and MBL tools become more widely
applied. Without line of sight into external analyses performed,
it could be challenging for the company to understand the
basis of decisions or understand the basis of queries received
from regulatory authorities in assessment. On the other hand,
company sponsors may also seek to access these data sources to
enrich their submissions with external data/analyses via digital
tools. Regulatory authorities would then need to assess the rigor
and validity of such data/analyses alongside more classically
generated sponsor research. The MA would need to record the
external data and analytics used. Also, careful thought will need
to be given to the inclusion of such external data, whether
generated by the MA Holder or not, in the approved label for
the product and hence how this may impact company sponsor
promotional activities.

Will This New Model Enable Universal
Dossier Content to Be Submitted
Simultaneously to All Global Regulatory
Authorities and a Single Regulatory Review
Decision in a Similar Timeframe?
The ICH aim to achieve a standardized two-way global
submission and approval process has been accepted by many

as the gold standard. We fully recognize the significant
achievements made, however equally significant are the real and
ongoing challenges with contradictory and complex national
transactional approaches. In our view, an ultimate aspiration of
one single dossier worldwide, enabled by a common technical
document (CTD and eCTD) or future cloud based system, does
not stand up to scrutiny beyond the obvious and compelling
case for logistical efficiency and speed. On closer examination,
this focus on an optimally efficient single output and virtual
environment ignores critical factors that drive decisions on
national approval and access to medicines. Such factors include
varying public health needs and priorities particularly with
respect to interpretation of clinical data4 and how the product
is expected to be used relative to any existing therapies (e.g., first
line use, second line use, etc.). These factors can drive divergent
regulatory authority approval decisions and/or different labeling
recommendations even when core data are standardized.

Despite progress by ICH, not all regulatory requirements are
harmonized and not all countries are ICH members; national
and regional requirements still exist in addition to common
core information. In other words, submitting the same core
information in 40 markets may be initially efficient and appear
superficially attractive, but would not result in 40 approvals at
the same time due to differing review times/requirements and
those approvals would not all look the same. Once lifecycle
work is then initiated the single output then multiplies and
diverges further due to complexities with post approval change
management, though the aforementioned ability in the future
state to file contemporaneous post approval updates to multiple
markets may well offset this as will implementation of ICH Q12.

Aside from differing regulatory requirements and approval
timelines mentioned above, other constraints exist in considering
filing a universal MAA to numerous countries simultaneously.
For example, it is possible that manufacturing capacity
limitations may still constrain the ability of a pharmaceutical
sponsor to supply multiple markets at the same time even if
there were to be approvals within a similar timeframe. Another
consideration would be the capacity for company sponsors to
handle the increased volume in multiple regulatory authorities’
queries coming in within a compressed time window.

Further, before patients can access therapies in many markets,
national HTA approval is also required. These national reviews
often occur after regulatory review and can become rate limiting
for patient access once regulatory authority reviews are shortened
and optimized. Our message here is that aligned regulatory
submissions will not result in aligned approvals or patient access.

For all the above reasons, we believe that it is too simplistic to
expect that the new model will automatically enable a “one size
fits all” approach to the entire regulatory submission content with
a single global review and approval. However, we note that there
could be better prospects for the possibility of a more universal
content approach for the CMC module rather than the clinical
modules, and though still beset with differences in laws and

4There can also be differences in interpretation of CMC data that impact labeling
and occasionally overall approvability if there are significant regulatory concerns.
Usually, however, clinical data interpretation differences are the main driver for
divergent decisions.
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business processes, and interpretations of data between national
regulatory authorities, this may be more attainable in the long
term (23). However, we contend that the overarching goal should
not solely be operational efficiency but rather, patient-centric
regulatory authority decisions, based on redefined approaches to
review and approval of contemporaneous product safety, efficacy
and quality data, underpinned by available digital capabilities. In
moving toward this goal, all stakeholders should seek to converge
national regulatory requirements as far as possible toward a
universal approach, but it is not by itself the ultimate goal, nor
is a cloud-based system the sole enabler.

There is an emerging trend for regulatory authorities with
similar capabilities and philosophies to engage in collaborative
work sharing or reliance approaches5. Such approaches
necessitate a high level of trust and a degree of commonality of
review approaches. A good current example of work-sharing is
the ACCESS consortium. This is a collaborative initiative of like-
minded, medium-sized regulatory authorities between Australia’s
Therapeutic Goods Administration (TGA), Health Canada (HC),
Singapore’s Health Sciences Authority (HSA), the Swiss Agency
for Therapeutic Products (Swissmedic) and more recently
the Medicines and Healthcare products Regulatory Authority
(MHRA) of the United Kingdom (24). Participating regulatory
authorities allocate responsibilities for review of different CTD
modules. Though ultimately the approval decisions remain a
national responsibility, collaboration enhances the efficiency
of review. For legal reasons the US FDA cannot participate in
worksharing via the ACCESS consortium, however, Project Orbis
is an initiative from FDA’s Oncology Center of Excellence to
enhance global collaboration and review specifically for oncology
products. Orbis engages a similar set of national regulatory
authorities to ACCESS, but in this case they benefit from FDA’s
review (as opposed to work-sharing), which allows their national
decisions to be expedited (25).

Not all regulators are resourced to conduct even a partial
review of submissions and may elect instead to recognize the
approval conducted by a larger health authority based on the
provision of a Certificate of Pharmaceutical Product or CPP
instead of conducting their own review. However, increasingly,
as the WHO seeks to strengthen regulatory systems such that
all regulators achieve basic capability (26), this type of pure
recognition without any form of review is not as widespread as
in the past with many health authorities conducting their own
review in addition to receiving a CPP (27).

Overall therefore, we envisage the future state could
realistically consist of several formalized regional networks of
regulatory authorities with similar review approaches, working
together via collaborative work-sharing or reliance reviews based
on shared review practices and similar public health needs. The

5WHO Technical Report Series 1025, Annex 10, (March 2021), Good Reliance
Practices defines Reliance as “the act whereby the NRA in one jurisdiction may take

into account and give significant weight to assessments performed by another NRA

or trusted institution, or to any other authoritative information in reaching its own

decision. The relying authority remains independent, responsible, and accountable

regarding the decisions taken, even when it relies on the decisions and information

of others.” Work-sharing is defined as “a process by which NRAs of two or more

jurisdictions share activities to accomplish a specific regulatory task.”

new cloud based model could enhance and accelerate this type
of collaboration.

What Are the Regulatory Operations
Considerations?
Persistent divergence in national regulatory data and format
requirements across developed and developing markets
for obtaining and maintaining a MA (content, language,
construction, and format), and the resulting complexity and
multitude of outputs required has led to certain operational
capabilities addressing these divergences being matured as a
core competence. Regulatory authority and company sponsor
efficiencies have largely centered on refining transactions,
automating sub processes or functions, adjusting capacity and
prioritization. Many have invested in incremental improvements
and independent technology solutions, while company sponsors
aspire to an integrated process, data, and digitalization strategy
across all stakeholders.

To date, we suggest that company sponsors have primarily
focused on developing their internal data and information
management skills and strategy with regulatory authorities out
of scope. Successful transformation will surely require expansion
and investment to accommodate both the co-existence of
current transactional models and transition to a new model
inclusive of company sponsor and regulatory authority needs
(28). As stated earlier, moving to a “cloud” in of itself does
not fundamentally alter the landscape though a useful catalyst
for change. Companies investing in change initiatives with
regulatory authorities, (examples described in Table 1), must
be realistic in accepting more cost, divergence, work and risk
pursuing an MA approval within horizon 1 (Figure 2) before
reaping the benefits attained at horizons 2 and 3. This operational
challenge may be more acute for large multinational companies
needing to manage the span of different approaches and speeds
of adoption across multiple national regulators. Learnings from
CTD and eCTD inform us that the path to a new model will not
be quick nor linear, however, with digital technology available
the pace of change could feasibly accelerate once initial test cases
demonstrate benefit.

What Changes in Review
Practices/Upskilling and Behavioral
Adaptations May Be Needed?
The overarching driver is to provide safe and effective medicines
through optimal assessment of all available data and information.
Both a critical element and challenge, is the needed evolution
in human behaviors (29). Company sponsors and regulatory
authorities must consider their talent management strategy,
investing in workforce skills for the future by training their
regulatory scientists to be digitally literate as well as scientifically
strong. Adjusting the assessment paradigm will need changes in
information management and review skills and practices. The
ability to access and analyze data/algorithms from other sources
to enrich product knowledge and inform regulatory decision
making will be a critical expertise, as will task efficiency through
automation of more routine aspects, again supported by digital
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tools. Such a resource intensive effort would surely require
further investment in scientific and technical skills, therefore
targeted elimination of manual effort will also likely be necessary
for advancement.

What Are the Global Considerations?
Consideration needs to be given to how an acceptable standard
of regulation around the world could be accelerated by this
digitally enabled model (30). We believe that driving toward
more use of reliance and work sharing procedures between
regulatory authorities will need to go hand in hand with
pioneering a new model, since it is becoming increasingly clear
that even the most well-resourced regulators do not have the
capacity to be entirely self-sufficient (31). Secure platforms
that facilitate exchange of information between regulators, and
provide transparency on the review approach, will enhance trust
and encourage the use of reliance to deliver further efficiencies in
getting products approved in multiple geographies, particularly if
regulatory networks and work-sharing arrangements increase as
previously suggested.

It may be inevitable and appropriate that a paradigm shift of
this nature will initially need to be driven, tested and pioneered
by well-resourced company sponsors and regulatory agencies.
However, this should not imply that its design should ignore the
needs of company sponsors and/or regulatory authorities with
fewer resources. It should be possible to consider this perspective
from the start by keeping in mind how practical a proposal
could be when rolled out more widely and what level of IT
infrastructure and funding would ensure that these economies
are not left behind. Implementation of CTD/eCTD is resource
intensive. Smaller regulatory authorities with fewer resources
may decide not to invest in CTD implementation and wait for
the cloud based model instead. In our view, the ultimate vision is
going to take many years to perfect and there is value in applying
CTD approaches in the interim as an incremental step forward.
It is equally possible that regulators with simpler processes could
have an advantage over others that have invested in CTD/eCTD
as they have less complexity in current business processes to
dismantle. Political and socioecomic factors will continue to be
a significant influence on progression.

What Considerations Are Needed on Data
Access Rules, Data Quality, Security,
Confidentiality, and Intellectual Property?
Principles around use and safeguarding of data (e.g., blinded
and unblinded), ownership, and interdependencies [e.g.,
definition of interim safety and efficacy analyses and supportive
documentation (e.g., protocols)], will need comprehensive
exploration to clarify needed controls, decision making and
approval processes.

Together with data and information standards and rules for
use, this is one of the most important considerations which
requires extensive discussion beyond the scope of this article.
Suffice to say that data access rules and data transfer procedures
will need to accommodate stringent rules for patient data privacy
in each country. From both a company sponsor and a regulatory

authority perspective it will be vital to have strong safeguards in
place to guarantee security of information such that confidential
proprietary information does not inadvertently enter the public
domain. A move to a new model will demand rigorous systems
to ensure patient data privacy and safeguard intellectual property
while allowing secure data collaboration.

In the longer term, it is envisaged that the model can
be expanded to benefit broader stakeholders such as HTAs,
academics and patients. Enhanced accessibility of data may
increase third party (academia or national HTA) post-hoc
analyses of clinical data that reach a different conclusion to the
regulatory authorities. This will require meticulous consideration
of how to avoid data analyses or conclusions being taken out
of context, to avoid inadvertent undermining of decisions and
erosion of public confidence and trust.

Data quality and integrity is another critical aspect. Over
many years, the industry has perfected systems to assure
the quality and integrity of the data it generates, and this
is checked by regulators via inspections for Good Clinical
Practice (GCP), Good Manufacturing Practice (GMP), and
Good Pharmacovigilance Practice (GVP). Such safeguards must
continue, and we will need to look for ways to apply similar
quality standards to other data sources.

What Learnings Can We Glean From Past
Initiatives/Other Industries?
The pharmaceutical industry has partnered with trade
associations, regulators, and researchers to demonstrate
how shared third-party computing environments can enable
novel ways to exchange regulatory information in support
of clinical research and regulatory review. Major initiatives
include CRIX/FIREBIRD (Clinical Research Information
Exchange/Federal Investigator Registry of Biomedical
Information Research Data) (32), OMOP (Observational
Medical Outcomes Partnership) (33), and ASTER (ADE
Spontaneous Triggered Electronic Reporting) (34).

Each of these successfully demonstrated new ways to
leverage available technology to both establish a shared industry
and regulator platform and manage data and information.
All demonstrated potential to innovate traditional processes.
CRIX FIREBIRD demonstrated a collaborative platform for
credentialing new investigators for clinical trials. OMOP
established a collaborative scientific platform to establish
standards andmethodologies for evaluating associations between
drugs and health outcomes, and ASTER demonstrated a third-
party service for automatically processing individual adverse
event reporting directly from electronic health records to
FDA and sponsors. All had significant industry and regulator
engagement. Although these novel data exchange initiatives
were not ultimately adopted to replace traditional processes
as envisioned, learnings from these efforts informed initiatives
such as Transcelerate and FDA’s Sentinel (medical product
safety surveillance).

Cloud-based technology services are widely available today
and remove some of the previous challenges addressed through
investment in expensive, customized technology platforms, like

Frontiers in Medicine | www.frontiersin.org 9 May 2021 | Volume 8 | Article 66080858

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Macdonald et al. Digital Innovation in Regulatory Submissions

those noted above. However, other more fundamental barriers
faced in those initiatives remain. These previous endeavors have
taught us that the biggest struggle in implementation relates
to the complexity of business processes between regulatory
authorities and company sponsors. These have evolved over
time as tightly woven webs around the current paradigm.
Unraveling such complexity will involve defining new roles,
governance, processes, principles, and data strategies that are
accepted globally in lieu of current norms. At the same time,
there will be a need to ensure global investments in technology
modernization to ensure all regulators have the minimum
computing infrastructures needed. None of this investment can
interrupt the pursuit of new medicines to patients.

Of note, though not explored here, other highly regulated
sectors such as finance have successfully disrupted their
business model though innovative use of technology and
undoubtedly there are learnings to be gained worthy of further
exploration (35).

ACTIONABLE RECOMMENDATIONS

We offer the following recommendations:

(i) Through trade associations and regulator networks, continue
to debate, refine and expand on the regulatory implications
noted earlier to deliver patient centric solutions.

(ii) Pursue harmonization of all types of regulatory data
requirements including but not limited to terminology and
structured content management initiatives and press for these
to be harmonized and inter-operable between countries.

(iii) Through Accumulus Synergy cloud-based pilots, assess
small scale use cases in collaboration with regulators to
build value, considering global implications from the outset
and scaling up capabilities in terms of ambition and scope
over time.

DISCUSSION

Digital innovation can propel stakeholders to radically redesign
the burdensome and time consuming processes involved in
review and approval of new medicines. This is not simply taking
the existing eCTD approach and putting it into a cloud-based
platform but re-imagining and re-designing the entire process for
interaction between regulators and company sponsors.

In this article, we have made the case for change for
regulatory submissions and review by showing that the current
approach is not fit for the future and by outlining a cloud
based model to transform submission and review to be more
iterative, collaborative and dynamic. We have touched on a
few, but by no means all, of the regulatory implications of this
new approach. Each of the regulatory design questions posed
could easily be explored as publication in its own right and
there are further discussion points that we have not explored
(e.g., data ownership). All questions that we start to socialize
here need further input and refinement from all stakeholders.
We would expect that new questions will arise as organizations
such as Accumulus-synergy execute use cases. Use cases also

yield valuable learnings which can inform and sharpen the focus
for a long term vision for the future where ultimately other
stakeholders such as HTAs, academia, and patient groups can
also benefit from this approach. We contend that the extent to
which we are able to identify, socialize, and further debate the
implications of change indicates the extent of our readiness to
embrace the revolution needed to create a dynamic regulatory
exchange and review system, fit for the future that fully leverages
all available science and technology. This new approach does
not remove the need to pursue the harmonization of regulatory
requirements via ICH so that drug development is science
based. Continued pursuit of convergence and harmonization
initiatives will avoid any inadvertent risk that unrestricted
storage capacity in a cloud system encourages regulatory creep
whereby non-science based country or regional requirements
proliferate. Regulatory reliance and work-sharing initiatives are
a key consideration and expansion of these initiatives should also
be pursued as regulatory authority resources are constrained. A
cloud based system provides the perfect platform to expand and
increase the efficiency of these type of initiatives.

However, there is also a cost in pursuing this new model.
At the operational level company sponsors must invest in
its design while also maintaining the existing approach in
parallel for some years as not all countries will be able
to embrace this change immediately. Accumulus-synergy is
an important vehicle as it allows company sponsors and
regulatory authorities to work toward the new model, separate
from the need to keep the usual cycle of submissions thus
reviews on track using the current system. New iterative data
upload and review has resource implications for company
sponsors and for regulatory authorities thus will likely require
a phased approach in the interim period before efficiencies
are unlocked via use of digital tools. Both company sponsors
and regulatory authorities need to invest in upskilling their
workforces for a more digitally based future. There needs to
be a willingness to dismantle business processes which have
evolved over many years fixated on a paper based mind-
set. A cloud based platform encourages collaboration and
should make data sharing easier and more secure. It could
be considered that the Covid-19 pandemic has changed some
of the contours of the regulatory landscape including clinical
data sharing expectations. There have been calls for company
sponsors to commit to a new interpretation of what is regarded
as competitive data and share more than has been done in
the past (36). Indeed, if company sponsors wish to access
publicly held data sources such as real world data via electronic
health records they may be called upon to reciprocally release
more of their in-house data whilst also upholding intellectual
property considerations. This and other questions require
further discussion.

Despite the cost of pursuit and the reality of maintaining the
existing approach whilst rolling out the newmodel incrementally
across countries, the benefits unlocked by this new approach far
outweigh the expenditure in effort. These benefits include the
possibility to make regulatory submissions and reviews more
efficient by enabling a more contemporaneous exchange of data
and facilitating parallel reviews between regulators. Breaking free
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from the constraints of PDF documents enables use of digital
tools which can also reveal new insights into data facilitate data
reuse in related submissions and automation of more routine
tasks. Life-cycle management can be made much more efficient
removing the forced sequencing of changes awaiting individual
national regulatory authority review. Facilitating use of non-
traditional data sources such as real world evidence or data
from wearable health devices alongside traditional clinical trial
data is ultimately expected to enrich regulatory decision making
and benefit patients. There is a long way to go, however, we
are encouraged that industry and regulatory authorities can be
prepared to embrace this revolution by continuing to socialize
and debate the considerations outlined in this article.We contend
that the benefits of pursuing this approach are tangible and

attainable. Are we ready to embrace the full benefits of this 4th
revolution? We cannot afford not to be.
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The US Food and Drug Administration in 2008 required new type 2 diabetes (T2D)

medications to be subject to cardiovascular outcomes safety requirements. Accordingly,

the global LEADER trial investigated cardiovascular outcomes of T2D treatment with

liraglutide, a glucagon-like peptide-1 receptor agonist. LEADER (NCT01179048) was a

multiregional clinical trial (MRCT) conducted from 2010 to 2016, thus completed before

publication of the International Council for Harmonization (ICH) E17 guideline on MRCTs

in 2017. Novo Nordisk pre-specified analysis of regional cardiovascular outcomes of

LEADER participants. This paper assesses the pre-specified regional outcomes based

on the ICH E17 guidelines on consistency evaluation. Regional LEADER participant

numbers were broadly aligned with ICH E17 guidance and equally balanced across

Europe, Asia, North America, and rest of the world. Overall primary major adverse

cardiovascular events (MACE) composite outcome for the trial: hazard ratio (HR) (95% CI)

0.87 (0.78; 0.97); regional results varied, ranging fromHR (95%CI) 0.62 (0.37; 1.04) (Asia)

to 1.01 (0.84; 1.22) (North America). However, pre-specified Cox proportional-hazard

regression analyses did not show clear evidence of interaction between regions and

primary outcome (p = 0.20). Furthermore, post hoc analysis of the US population in

the North American region found that adjusting for extrinsic or intrinsic factors did not

account for this difference [HR (95% CI) 1.03 (0.84; 1.25)]. LEADER data evaluation

demonstrated general consistency in cardiovascular safety across regions, except for US

participants. Discrepancies in the North American region may relate to drug exposure or

chance, but, as these were post hoc findings, the overall primary result is valid, aligned

with ICH E17 guidelines.

Keywords: liraglutide, diabetes, regional, major adverse cardiovascular event, LEADER, ICH, E17, consistency

INTRODUCTION

Previous literature has indicated a potential association between certain diabetes medications
and increased cardiovascular risk (1, 2). This prompted action from the US Food and
Drug Administration (FDA), which, in 2008, issued guidance for sponsors of new type 2
diabetes (T2D) medication to demonstrate a cardiovascular risk ratio below 1.8 pre-approval
and ultimately below 1.3 post-approval (3). Liraglutide, a glucagon-like peptide-1 (GLP-1)
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receptor agonist, received FDA approval in 2010 to improve
glycemic control in adults with T2D, with a post-marketing
requirement to conduct a randomized, double-blind, controlled
trial evaluating the effect of liraglutide on the incidence of
major adverse cardiovascular events (MACE). Novo Nordisk,
which developed liraglutide, therefore undertook the global
cardiovascular outcomes trial (CVOT) LEADER (Liraglutide
Effect and Action in Diabetes: Evaluation of Cardiovascular
Outcome Results), recruiting 9,340 participants from 32
countries. The trial (ClinicalTrials.gov NCT01179048) was
initiated in 2010 and the results became available in 2016 (4).

In response to increasing globalization of drug development,
the International Council for Harmonization (ICH) issued a final
harmonized guideline in November 2017 titled “E17 General
Principles for Planning and Design of Multi-Regional Clinical
Trials,” which aimed to increase the acceptability of multiregional
clinical trials (MRCTs) in global regulatory submissions (5).
Among other topics, this document provides guidance on
regional sample size allocation and examination of consistency
of outcomes across regions and subpopulations.

The objective of this paper was to evaluate the consistency of
cardiovascular outcomes following liraglutide treatment across
regions studied in the LEADER clinical trial, in relation to the
ICH E17 guideline principles for consistency evaluation.

MATERIALS AND METHODS

The LEADER clinical trial design and methods have been
published previously (6). LEADER was a multicenter, double-
blind, placebo-controlled clinical trial performed at 410 sites in 32
countries. Participants with T2D and a high risk of cardiovascular
disease were randomized 1:1 to liraglutide or placebo, both in
addition to standard of care (6). Participants were followed for
at least 3.5 years. The primary endpoint was the time from
randomization to a composite MACE outcome consisting of
first occurrence of cardiovascular death, non-fatal myocardial
infarction (MI), or non-fatal stroke. Secondary endpoints
included the first occurrence of an expanded composite
cardiovascular outcome, including cardiovascular death, non-
fatal MI, non-fatal stroke, revascularization, hospitalization for
unstable angina, or hospitalization for chronic heart failure.
Participants were allowed to stop and restart their study
medication while remaining in the trial; this is common practice
in CVOTs to maximize participant retention. The trial protocol
was approved by the institutional review board or ethics
committee at each participating center and all the patients
provided written informed consent. Further details on the ethics
committees can be found in the primary manuscript (4).

A central external event adjudication committee performed
independent and blinded adjudication of the primary
endpoint events.

Statistical Analysis
All time-to-event endpoints in LEADER were analyzed using
a Cox proportional-hazard regression model. For the primary
endpoint of time to first MACE, a hierarchical testing strategy
was used for the liraglutide group vs. the placebo group, first

testing for non-inferiority and subsequently for superiority. Non-
inferiority was established for the primary outcome if the upper
limit of the two-sided 95% confidence interval (CI) of the hazard
ratio (HR) was<1.30, and superiority was established if the upper
limit was <1.00 (4).

Pre-specified subgroup analyses were performed to investigate
any potential differences between regional subpopulations with
respect to the primary endpoint. A number of additional post hoc
subgroup analyses were performed to elucidate these differences,
exploring whether the results may be explained by differences
in any intrinsic (demographic, baseline characteristics, and
cardiovascular history at screening) or extrinsic (concomitant
medication) factors (Table 1). Regional differences were further
explored using a shrinkage estimation procedure (7), as well as
the Gail-Simon test for qualitative interaction (8).

RESULTS

The LEADER clinical trial was well conducted: 96.8% of
participants completed their final visit and vital status was known
for 99.7% of the participants. The primary composite outcome
of 3-component MACE occurred in fewer participants (%) in
the liraglutide group [608 of 4,668 participants (13.0%)] than in
the placebo group [694 of 4,672 (14.9%)], with an HR (95% CI)
of 0.87 (0.78; 0.97). The two-sided p-values for non-inferiority
(risk ratio below 1.3) and for superiority (risk ratio below 1.0)
were p < 0.001 and p = 0.01, respectively. There was strong
consistency between the results for the primary endpoint and
those obtained in various secondary endpoints (4).

The trial recruited participants globally and the pre-defined
regions were (number of participants in parenthesis): Europe
(3,296), North America (2,847), Asia (711), and rest of the world
(2,486). The outcome varied by region from a HR (95% CI) of
0.62 (0.37; 1.04) in Asia to 1.01 (0.84; 1.22) in North America
(Figure 1) (4). Pre-specified Cox proportional-hazard regression
analyses, performed for regional participant populations with
respect to the primary outcome, did not show clear evidence
of interaction between the geographic region and the primary
outcome (p = 0.20). Further post hoc evaluation of the results in
North America found HR (95% CI) estimates of 1.03 (0.84; 1.25)
for the US and 0.80 (0.42; 1.52) for Canada. This observation
prompted further investigations of the US population, the largest
country in the region, comprising 88% of the North American
population in the study (6).

Additional post hoc analyses found that adjusting for intrinsic
or extrinsic factors had little effect on the US outcomes
(Figure 2). In addition, blood glucose control, as measured by
HbA1c over time, did not account for the US outcomes (data
not shown).

Participants could stop and restart their study medication
throughout the trial; it was found that the US participants were
less adherent than non-US participants to study drug (Figure 3).
Post hoc analysis of MACE while the US participants were on-
treatment gave an HR (95% CI) of 0.89 (0.69; 1.14), close to
the global on-treatment result of 0.83 (0.73; 0.95). However,
since this analysis involves adjustment for events occurring
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TABLE 1 | Characteristics evaluated as potential contributors for impact on time to first MACE in US population and non-US populations.

Demographics Baseline characteristics Concomitant medications at baseline Cardiovascular history and complications at screening

Age BMI Antidiabetic medicationa Cardiovascular risk

Gender Body weight Antihypertensive medicationb Prior MI

Smoking status Systolic blood pressure Diuretics Prior PCI

Race Diastolic blood pressure Lipid-lowering drugs Prior hypertension

T2D duration Heart rate Platelet aggregation inhibitors Prior TIA

HbA1c Antithrombotic medication Prior ischemic heart disease

LDL cholesterol Prior left ventricular diastolic dysfunction

HDL cholesterol Prior carotid artery stenosis

Total cholesterol Prior >50% stenosis

Triglycerides Peripheral arterial disease

Renal function CABG

Albuminuria

Each parameter has been analyzed in a Cox model with treatment, the parameter and its interaction with treatment, and the factor US/non-US and its interaction with treatment.
a Includes the following categories: “1 OAD,” “more than 1 OAD(s),” “insulin + OAD(s),” “insulin – OAD(s),” and “none.”
b Includes the following categories: “beta-blockers,” “calcium channel blockers,” “loop diuretics,” “renin system blockers,” and “other.”

BMI, body mass index; CABG, coronary artery bypass graft; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MACE, major adverse

cardiovascular events; MI, myocardial infarction; OAD, oral antidiabetic drug; PCI, percutaneous coronary intervention; T2D, type 2 diabetes; TIA, transient ischemic attack; US,

United States.

FIGURE 1 | LEADER primary analysis by geographic region (4). CI, confidence interval; HR, hazard ratio.

after randomization, it remains unclear whether the neutral
cardiovascular result in the US can be explained by lower
exposure to study medication.

DISCUSSION

The effect of liraglutide is thought to modify the progression of
atherosclerotic vascular disease, without variation between racial
or regional populations (4, 9). In our study, the North American
population accounted for 30% of the total study population,

which is broadly in line with the ICH E17 recommendation (5).
The LEADER trial was conducted as a regulatory requirement
for the FDA and was also in alignment with European Medicines
Agency (EMA) regulatory requirements.

Other trials have also shown differences in results according
to country or region. Yusuf and Wittes analyzed geographic
variations in the results of nine randomized clinical trials (10).
Possible explanations discussed by Yusuf and Wittes included
differences in standard of care, concomitant medication,
geographical differences in the disease parasite, underlying risk
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FIGURE 2 | Analysis of time to first MACE in US participants with adjustment for baseline demographics and concomitant medications (29). Full analysis set; HR with

95% CI. Each row presents results of a Cox proportional hazards model with treatment as factor and adjustment for each baseline demographic variable or

concomitant medication. All HRs are for the comparison of liraglutide to placebo. CI, confidence interval; HR, hazard ratio; MACE, major adverse cardiovascular event;

N, number of patients with an event; T2D, type 2 diabetes; US, United States.

FIGURE 3 | Percentage of US and non-US participants on treatment with liraglutide or placebo during the LEADER trial (30). Full analysis set. US, United States.

factors, enrolment differences, or chance (10). In the PLATO
trial (11), investigating ticagrelor vs. clopidogrel for patients
with acute coronary syndrome, the North American population
had an HR (95% CI) of 1.25 (0.93; 1.67) compared to the
overall observed benefit [HR = 0.84 (0.77; 0.92)]; the p-value for

interactions was 0.05. Further investigation showed that higher
aspirin doses seemed to reduce or even inverse the positive
effect of ticagrelor (12) and, as the US participants were taking
higher doses of aspirin, this was believed to be the explanation.
Ticagrelor received a boxed warning for its US label against
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concomitant used of aspirin above 100mg, although this was not
supported by the FDA advisory committee and has been disputed
by several authors (10, 12).

CVOTs with other GLP-1 receptor agonists have also reported
higher HRs in the population from North America as compared
to the overall population. A meta-analysis of controlled trials
investigating cardiovascular endpoints of patients treated with
a GLP-1 receptor agonist provided an HR (95% CI) of 0.94
(0.85; 1.04) in North America compared to the overall result
of 0.85 (0.78; 0.93) (13). A marginally significant interaction
(p= 0.05) was detected for this region. The highest observed HR
in North America (1.14) was observed in the REWIND trial with
dulaglutide (14); however, in this case, the 95% CI also included
unity (0.89; 1.47). In the CVOT for empagliflozin, a sodium-
glucose cotransporter-2 (SGLT-2) inhibitor to treat diabetes, a
neutral HR of 1.02 (0.81; 1.28) was observed in Europe, the largest
participating region, whereas the HR for the total trial population
was 0.86 (0.74; 0.99) (15).

Ferreira et al. investigated geographical variation in a
heart failure trial (16) in which North American participants
responded well to treatment whereas Eastern Europe participants
showed HRs of ≥1.0. Marked differences in baseline conditions
and difficulties in standardizing the acute treatment may have
contributed to the observations. Kristensen et al. conducted
many post hoc subgroup analyses (17) of the PARDIGM-HF
(heart failure) trial and, althoughmany differences were reported,
the overall outcome of this trial was consistent across regions.

Statistical Considerations
The challenges of testing for quantitative interaction (i.e.,
differences in the magnitude of treatment effect among
subgroups) are well-described (18). Such testing is known
to suffer from low power, especially when many subgroup
differences are tested and adjustment for multiple comparisons
is needed. Furthermore, as noted by Gail and Simon (8), the
subgroup differences of greatest clinical importance are those
in which the direction of the treatment effect is different for
different subgroups. Power for such qualitative interaction tests
is even lower. In LEADER, the post hoc test for quantitative
interaction of the US vs. non-US subgroups was nominally
significant (p= 0.049), although this result was not corrected for
multiple comparisons. The Gail-Simon test found no evidence of
qualitative interaction between these subgroups (p= 0.40).

Shrinkage estimation has been proposed as an analytic tool
to further explore regional differences in MRCTs (3, 7, 19). This
method estimates the regional treatment effect as a weighted
average of the overall treatment effect and that observed directly
based on the data for each region. The differences among
regional treatment effects are thereby shrunk in proportion to
the uncertainty in the estimates from the within-region analyses.
During their evaluation of the LEADER result, the FDA applied
a Bayesian shrinkage estimation procedure to the analysis of time
to first MACE by region (20), the results of which are shown in
Table 2. As expected, the results of this analysis show regional
estimates of treatment effect closer to the overall mean than the
pre-specified subgroup analyses, with the amount of shrinkage
of regional treatment effect estimates toward the overall estimate

positively associated with the amount of uncertainty within each
region. For example, the 95% CI for the subgroup analysis of
participants from Asia is widest; this is also the region in which
most shrinkage is observed. These results suggest that regional
differences in treatment effect are much smaller than suggested
by the analyses of populations by region, and do not appear to
be clinically meaningful. It thereby supports the conclusion that
the overall estimate of treatment benefit applies across all regions
included in the LEADER trial.

Regulatory Considerations
The FDA convened an advisory committee meeting to discuss
the LEADER results. In its briefing presentation on the subgroup
analyses, the FDA reported the following (21):

• In summary, point estimates of the HRs were above 1.0 for the
US subgroups and for participants older than 60 years with
risk factors.

• This could suggest possible inconsistency in the effect for
MACE across these subgroups.

• Several analyses were conducted to explain these findings, but
it is important to emphasize that these were exploratory and
there still remains a possibility that the subgroup findings
could be explained by chance alone.

The advisory committee voted 17–2 to support the notion
that LEADER provides substantial evidence that liraglutide
reduces cardiovascular risk in patients with T2D. The committee
members voiced their confidence in this decision based on
the primary MACE results, as well as the consistent trend
in the individual components of MACE. Members noted
that, although the subgroup findings described above were
notable, they did not refute the overall LEADER results.
Subsequently, the FDA approved the additional indication “to
reduce the risk of major adverse cardiovascular events in adults
with type 2 diabetes mellitus and established cardiovascular
disease.” The data section shows the Kaplan–Meier plot for the
primary endpoint; no subgroup analyses are included in the
label (22).

Many health authorities around the world have now approved
inclusion of the LEADER data in the label and, in most cases, an
additional indication has been granted (22–26). Only the Chinese
health authorities requested inclusion of local subgroup analyses

TABLE 2 | Bayesian shrinkage estimation of time to first MACE by region (20).

Sample estimate Bayes shrinkage estimate

Region HR 95% CI HR 95% CI

Asia 0.62 0.37, 1.04 0.80 0.59, 1.09

Europe 0.82 0.68, 0.98 0.84 0.71, 0.98

North America 1.01 0.83, 1.22 0.94 0.79, 1.12

Rest of the world 0.83 0.68, 1.03 0.85 0.72, 1.00

Regional sample estimates obtained from a Cox regression model with treatment, region,

and its interaction with treatment.

CI, confidence interval; HR, hazard ratio; MACE, major adverse cardiovascular events.
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TABLE 3 | Regulatory approvals of LEADER in the Victoza® label.

Health authority Indication Kaplan–Meier for

MACE

CV events Forest plot Regional subgroup

analyses

Approval year

FDA (US) (22)
√ √

X X 2017

EMA (EU) (24) Expanded diabetes
√ √

X 2017

Health Canada (Canada) (23)
√

(CV death)
√ √

X 2017

TGA (Australia) (26)
√ √ √

X 2018

SwissMedic (Switzerland) (25)
√ √

MACE only X 2018

NMPA (China)
√ √ √ √

2018/2020

CDE (Taiwan) (27)
√ √

X X 2018

CDE, Center for Drug Evaluation; CV, cardiovascular; EMA, European Medicines Agency; EU, European Union; FDA, US Food and Drug Administration; MACE, major adverse

cardiovascular events; NMPA, National Medical Products Administration; TGA, Therapeutic Goods Administration; US, United States.
√
, included; X, not included.

(Table 3). The MACE and expanded MACE results for a total of
14 MACEs in 92 Chinese participants in the trial were included.
In Japan, liraglutide is approved in lower doses than the rest of the
world, primarily due to how the original development program
was designed (28). Furthermore, no Japanese participants were
included in the LEADER trial. Based on this, the Pharmaceuticals
and Medical Devices Agency (PMDA) did not want to include
the LEADER data in the Japanese label. ICH E17 guidance
does allow inclusion of multiple doses in an MRCT; if
designed today, this may have been a consideration for the
LEADER trial.

The LEADER trial had a high-quality study design with
elements aligned to the ICH E17 guideline on general principles
for planning and design of MRCTs. Due to FDA and EMA
regulatory commitments, as well as the feasibility of including
sites with the capabilities and experience necessary to conduct
outcomes trials, about two-thirds of participants were recruited
in Europe and North America. Today, a more even global
distribution would be preferred when conducting a CVOT
in diabetes.

CONCLUSION

The LEADER trial was a MRCT designed along the
lines of ICH E17 and its conduct provided robust data
for assessment of cardiovascular safety and benefit for
liraglutide. There was general consistency of findings
across sensitivity subgroup and subpopulation analyses
that further support the primary analysis. The discrepancy
of findings in the North American region and US
subpopulations may be due to lower US drug exposure
or chance.

When pre-planned regional and subpopulation analyses
reveal surprising regional differences, supplemental post
hoc analyses should be performed. Unless plausible and
meaningful differences are revealed, the global primary

result is valid for all regions. This is consistent with the ICH
E17 basic principles and was implemented by regulators
around the world.
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Real world evidence (RWE) and real-world data (RWD) are drawing ever-increasing

attention in the pharmaceutical industry and drug regulatory authorities (DRAs) all over

the world due to their paramount role in supporting drug development and regulatory

decision making. However, there is little systematic documentary analysis about how

RWEwas integrated for the use by the DRAs in evaluating new treatment approaches and

monitoring post-market safety. This study aimed to analyze and discuss the integration

of RWE into regulatory decision-making process from the perspective of DRAs. Different

development strategies to develop and adopt RWE by the DRAs in the US, Europe, and

China were reviewed and compared, and the challenges encountered were discussed.

It was found that different strategies on development of RWE were applied by FDA,

EMA, and NMPA. The extent to which RWE was adopted in China was relatively

limited compared to that in the US and EU, which was highly related to the national

pharmaceutical environment and development stages. A better understanding of the

overall goals, inputs, activities, outputs, and outcomes in developing RWEwill help inform

actions to harness RWD and leverage RWE for better health care decisions.

Keywords: regulatory science, real-world evidence, decision-making, logic model, regulation

INTRODUCTION

Real-World Data (RWD) refers to the data obtained through multiple sources, which is related to
patient health status or delivery of health care and medical behavior in routine clinical practice
(1, 2). Data sources include electronic health records (EHR), medical claim data, medical databases
and patient information collected from various devices. Real-World Evidence (RWE) denotes the
analysis of clinical research evidence generated by RWD related to the use of medical products and
potential benefits or risks. The definitions and applications of RWE are closely linked not only to
the development of national healthcare policy but also to the regulatory science (3). Traditionally,
regulatory approvals of new drugs have always been largely, if not solely, based on randomized
clinical trials (RCTs). The rigor of RCT study design mandates a set of eligibility criteria for subject
inclusion and exclusion to ensure homogeneity and representativeness of the studying findings (4).
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Many RCTs exclude patients who have multiple comorbidities to
ensure the internal validity of the findings. To certain extent, the
representation of people with multiple comorbid conditions can
be easily compromised with the exclusion of population subsets
in RCTs. Inevitably, important information for developing the
evidence base about the proper use of a treatment or intervention
for population subsets that RCTs are able to generate is limited.

Compared with RCTs, RWE plays an important
complementary role to RCTs with much needed information
from real-life practices during the life cycle evidence of drugs to
support regulatory decision-making. The guideline of updated
international draft of the “General considerations for clinical
studies, ICH E8 (R1)” states that RWE generated by pragmatic
trial that embeds randomization within EHR and claims data
could provide insight into post-marked safety issues, inform
clinical care practices and avoid adverse events.1 In terms of
the development of treatment interventions for rare disease,
RCT designs are difficult to recruit enough patient populations
(5). Evidence-based clinical practice for drug development and
approval should incorporate more data sources, like EHR claim
data, social media data and large volume of data created by
medical devices. So RWE could provide opportunities and be
complementary to RCTs. At present, RWE is being increasingly
used to inform regulatory decisions. Differences in the definition,
constitution, scope, and applications of RWE among countries
contribute to the diversity of the RWE regulations (6).

The majority of the current literature on RWE focuses
on how to effectively use RWE in supporting drug clinical
development and evaluation, assisting drug regulatory decision-
making (e.g., pharmacovigilance and post-marketing research)
(7), evaluating clinical treatment effects and how to effectively
derive RWE from RWD (e.g., quality control and risk of
bias assessment) (8). Less attention had been paid to the
organizational perspective about how to develop, adopt, and
advance RWD, and how such an approach might be generalized
across different regulatory settings to benefit the efficiency of
regulatory actions. In particular, there was little systematic
analysis about how RWE can be adopted by the drug regulatory
authorities (DRAs). The DRAs in the United States (US) and
Europe Union (EU) have accumulated rich practical experience
in using RWD to evaluate the safety of medical products in
the past decades (9). Notably, the development of RWE in
China has also been significantly improved in the past few
years, which was originally used to evaluate the outcomes and
comparative effectiveness of the traditional Chinese medicine
interventions (10). Therefore, the use of RWE in DRAs of these
three countries/regions was analyzed and compared in order
to describe the current development and application status in
the context of three representative health care systems. Thus,
this study aims to analyze and discuss the integration of RWE
into regulatory decision-making process from the perspective
of DRAs in the US, EU and China. The main objectives of
the study are to: (1) systematically collect RWD/RWE related

1ICH Global Meeting on E8(R1). Available online at: https://www.ich.org/news/
summary-report-ich-global-meeting-e8r1-available-now-ich-website (accessed
April 2021).

TABLE 1 | Variables and inclusion criteria in the documentary analysis.

Variables Inclusion criteria

Country/region United States, European Union, and China

Language English or Chinese

Main content Regulatory guidelines, proposals, or reports of

initiatives/promotion actions and media reports

Scope of

documentation

Medicines, biologics, advanced therapy medicinal

products, herbal medicine/traditional Chinese

medicine, and medical devices for human use

Issuing time Documents released between 2010 (January) and

2021(March)

information from different sources including the three DRAs’
official websites and academic databases; (2) analyze how the
RWD/RWE was generated and applied in the US, EU, and
China based on the logic model; and (3) explore the current
development, applications and implications of RWD/RWE in the
US, EU, and China. It is envisioned that this study findings would
be able to help inform actions to harness RWD and leverage RWE
for better health care decisions.

METHODS

Research Design and Data Collection
Data Mining
Search of national medical regulatory agencies in the US, EU,
and China was carried out, and the corresponding datasets
were generated. Afterwards, documentary analysis was adopted
in this study. Firstly, textual information of the policy and
application of RWE in the US, EU, and China was collected
from the corresponding official websites and databases. Inclusion
criteria were designed based on specific institutional settings as
summarized in Table 1. To minimize the possibility of missing
relevant information, the search term used in this study was “real
world.” The detailed retrieval process was as follows:

- US: The term “real world” was used in the search at the “Search
for FDA guidance documents” function on the U.S. Food and
Drug Administration’s (FDA) official website.2 In addition to
the FDA website, the same term was also searched in the
official website of the Federal Register, then the documents
released from FDA were kept.3 The Federal Register is the
federal government gazette, whichmainly include federal laws,
government agency rules, proposed rules, project descriptions
and public notices.

- EU: The term “real world” was used in the search at the
official website of the European Medicines Agency (EMA).4

“News” and “Events” were chosen to yield the types of

2Search for FDA Guidance Documents. Available online at: https://www.fda.
gov/regulatory-information/search-fda-guidance-documents#guidancesearch
(accessed April 2021).
3Search Federal Register Documents Since 1994. Available online at: https://www.
federalregister.gov/ (accessed April 2021).
4European Medicines Agency. Available online at: https://www.ema.europa.eu/en
(accessed April 2021).
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information relevant to this study. All options in the categories
were selected except “Veterinary.” Similarly, the same term
was also used to search in the official website of the
European Commission-legislation.5 The documents issued by
“European Commission,” “The council of the EU,” “European
parliament,” and “European Council” were kept for further
analysis. These four institutions are the central legislative
bodies of the EU, which play the most important role in EU
decision-making (11).

- China: The term “real world” was searched in the “Regulatory
Documents” and “Government Affairs” sections on the official
website of the National Medical Products Administration
(NMPA) in China.6 More information about the initiatives
was selected from the website of “China Pharmaceutical
Information” by searching the same term.7 This website is
constructed by Information Center of NMPA, which provides
food and medicine supervision policies, regulations, and
pharmaceutical industry information in China since 1996.

Data Screening and Analysis
Manual data screening was conducted by selecting all documents
containing or related to “real world data” or “real world
evidence.” This process was conducted by two independent
researchers. (1) Each researcher first screened individually, (2)
The two researchers cross-checked each other’s search results and
any inconsistent results were discussed, and (3) upon discussion,
the consistent and agreed (inconsistent results) documents were
included for further analysis. Subsequently, the logical model was
used to analyze the data from the three DRAs. In particular,
logic model is a schematic depiction that presents the process
of how an intervention produces its outcomes. It is usually used
to help stakeholders to consider and design the interventions,
which may lead to different outcomes and impacts. It has been
applied in this research to analyze and guide the planning,
description, execution, management, and evaluation of a policy
or a strategy (12). Developing strategies could be optimized
by the performance of each aspect and the overview of the
entire existing program. A logic model may serve one or more
purposes/aims, which imply the motivations of the program. It
normally comprises of four main components: input (resources),
activities, outputs, and outcomes, which are determined based
on a set of predefined aims or objectives of the program of
interest (13). Inputs refer to the resources to be available for
the program, such as financial support, personnel and technical
assistance. Activities are the events or actions essential to produce
desired outcomes. Outputs refer to the direct results of the
activities like regulatory guidelines or any communities and
platforms. Outcomes refer to the results that the program is set
to achieve eventually.

All regulatory documents, initiatives proposals or media
reports were classified and analyzed following the framework

5European Commission. Available online at: https://ec.europa.eu/info/index_en
(accessed April 2021).
6National Medical Product Administration.Available online at: https://www.nmpa.
gov.cn/ (accessed April 2021).
7China Pharmaceutical Information. Available online at: http://www.cpi.ac.cn
(accessed April 2021).

of logic model after data screening. In this study, the aims
of developing and adopting RWE were extracted from the
requirements of the national government/congress/parliament
for the development of RWE. Input and activities were merged in
this study, including the resource input, and projects/workshops
operation. Outputs were the direct effects produced by the input
and activities, such as published reports and articles, issued policy
guidelines, established alliances/databases, etc. Outcome referred
to the promotion of medicine or the impact on society due to
the development of RWE, such as the review and approval of
presentative medicines and devices, and the reference role for
other regulatory decision-making.

RESULTS

Four regulatory documents related to “real world” were retained
on the FDA official website, and 105 related documents were
obtained from the Federal Register at data mining stage.
Similarly, 263 and 94 results were returned from the EMA and EC
legislation websites, respectively. In China, a total of 34 regulation
documents and government affairs were found on the NMPA
official website, and there were 17 related information on the
China Pharmaceutical information website. Data irrelevant to
RWD/RWE and the duplication were removed in the manual
screening stage. There were 31, 57, and 34 documents/reports
remained in the US, EU, and China for follow-up analysis. It was
noted that each document/report may contain different elements
of the logic model framework. The comparative analysis results
were summarized as bellow.

United States—Food and Drug
Administration
The Aims of FDA for RWE Development
There are two main documents issued by the U.S. Congress to
regulate FDA to develop RWE in different fields based on specific
aims. The first one was the 21st Century Cures Act (14), which
was announced on December 13, 2016, which decided to add
505F (21U.S. Code 355 g.) “Utilizing Real World Evidence” in
the Federal Food, Drug, and Cosmetic Act. RWE was defined
as “data regarding the usage, or the potential benefits or risks,
of a drug derived from sources other than traditional clinical
trials.” Congress required FDA to establish an implementation
framework based on this section within 2 years to assess
potential utilizing of RWE, including supporting the approval of
new indications for approved drugs and post-approval research
requirements. Collaborations of FDA with regulated industry,
academia, and medical professional organizations should be
carried out in specific requirements. At the same time, Congress
required FDA to implement this framework no later than 3 years
and to issue a draft guidance for industry within 5 years.

Prescription Drug User Fee Amendments (PDUFA VI) year
2018–2022 was another document issued by Congress,8 which
focused on speeding up and refining the drug review process

8Completed PDUFA VI Deliverables. Available online at: http://www.fda.gov/
ForIndustry/UserFees/PrescriptionDrugUserFee/ucm446608.htm (accessed April
2021).
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in FDA. This edition stated that by the end of fiscal 2018, the
FDA would complete one or more public seminars to gather
opinions on the use of RWE in regulatory decision making. At
the end of fiscal year 2019, FDAwill fund appropriate activities to
address key considerations when using RWE to make regulatory
decisions, including pilot studies or methodological development
projects. At the end of fiscal 2021, FDA will draft industry
guidance on using RWE to evaluate safety and effectiveness
in regulatory submissions, such as approval requirements and
post-approval commitments for new indications.

Inputs and Activities
Knowledge and Technology Support
FDA provided professional training for staff. FDA established an
internal website in December 2017 for FDA staff to participate
in supporting FDA’s activities in evaluating RWE and its use
in regulatory decisions. In 2019, Jacqueline Corrigan-Curay, the
director of Medical Policy Office of FDA’s Center for Drug
Evaluation and Research (CDER), stated in a public report that
efforts should be increased to enhance the internal education of
FDA staff in RWD and RWE, including continuing to hold public
meetings to get more expert opinions and to make standards
for assessing RWD and RWE.9 In addition to training, FDA
established the RWE Subcommittee of CDER’s Medical Policy
and Program Review Council, where the subcommittee aimed
to assist FDA centers in evaluating RWE and propose advice
for policy development. Specifically, the staff of the Office of
New Drugs could consult the RWE Subcommittee in assessing
the use of RWD/RWE to support regulatory decisions. This
subcommittee provided an interactive platform on how to use
RWE in promoting decision making and meet the requirements
of Congress for the development of RWD/RWE.

Research and Project Funding
FDA cooperated with and funded various institutes to jointly
promote and develop the use of RWD/RWE. In September
2009, the FDA signed a 4-year, $72 million contract with
Harvard Pilgrim Healthcare institute. This project aimed to
establish the “Mini-Sentinel Coordination Center” (15), which
lay the foundation for the full implementation of the sentinel
system. FDA also cooperated with some academic institutions
and US government institutions, including projects, workshops
or events. For example, the Duke-Margolis Center had been
a key partner of the FDA. Duke-Margolis Center for Health
Policy RWE Collaborative at Duke University was established in
2018. This collaborative effort aimed to inform the development
of guidance, polices around use of RWD and RWE in
decision making and had published several white papers. A
series of workshops and meetings aiming to engage various
stakeholders to improve the development of RWE were hosted.
The priority areas were RWE endpoints roadmap, external
comparators, shared real-world evidentiary opportunities, and
etc. The applications of RWE in post-COVID-19 environment

9FDA Discusses RWD, RWE With Industry, Academia. Available online at: https://
www.raps.org/news-and-articles/news-articles/2019/7/fda-discusses-rwd-rwe-
with-industry-academia (accessed April 2021).

was also discussed in late 2020.10 FDA also co-hosted some
events and seminars with Clinical Trial Transformation Initiative
(16), University of Maryland Center of Excellence in Regulatory
Science and Innovation (2), and American Association for
Cancer Research11 on the topics related the use the RWE,
including how to evaluate RWE generated by RWD in
randomized trials, how to use the evidence generated by medical
devices in the real world to improve device safety and real world
clinical research.12 FDA conducted RWE related collaborative
projects with University of California, San Francisco (UCSF)—
Stanford Center of Excellence in Regulatory Science and
Innovation (UCSF-Stanford CERSI). Harvard Pilgrim Health
Care Institute’s Department of Population Medicine (DPM) and
Brigham andWomen’s Hospital (BWH)/HarvardMedical School
also have RWE related projects with FDA. In addition to the
workshops and projects, FDA’s Office of Blood and Oncology
Products had partnered with HHS IDEA Lab to co-sponsor the
“Information Exchange and Data Transformation (INFORMED)
Initiative” to establish an organization for technology and big
data analysis infrastructure (17).

Workshops and Projects
A series of relevant RWD/RWE workshops and projects were
organized by FDA and academic/government institutions since
2016. The main topics focused on: (1) the use and regulatory
acceptability of RWD and RWE; (2) enhancing the use of
RWD to generate RWE in regulatory decision-making; (3)
the use of RWD to plan eligibility criteria and enhance
recruitment; (4) leveraging RCT to generate RWE for regulatory
purposes; and (5) building the national evaluation system for
medical devices. Different demonstration projects produced
several research publications/reports, frameworks, platforms,
and research centers or organizations. For instance, OneSource
is the platforms developed by FDA and UCSF-Stanford CERSI
for collecting clinical trial data and design specific methods
for transmitting health information to test and shape data,
methods and analytic standards for drug development and
RWE utilization. One demonstration project of FDA-Catalyst
is the open source FDA-My Studies APP (18), which is a new
mobile technology to gather RWE from patient mobile devices.
RCT Duplicated demonstration project was launched with FDA
and Brigham and Women’s Hospital in 2017, which develops
substantial assessment of the comparability of randomized and
non-randomized designs to understand if non-interventional
designs could provide credible evidence of drug effect. This
project also explores the possibility of using RWE to replicate

10Real-World Evidence Collaborative. Available online at: https://healthpolicy.
duke.edu/projects/real-world-evidence-collaborative (accessed April 2021).
11FDA-AACR Real World Evidence Workshop. Available online at: https://www.
aacr.org/professionals/policy-and-advocacy/regulatory-science-and-policy/
events/fda-aacr-real-world-evidence-workshop/ (accessed April 2021).
12Harnessing the Digital Revolution for Medical Device Evaluation. Available
online at: https://www.pharmacy.umaryland.edu/centers/cersievents/deviceeval/
(accessed April 2021).
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the results of RCTs in order to predict the results and findings
of ongoing phase IV trials.13

In 2020, the COVID-19 pandemic has brought urgent
medical and public health challenges worldwide. Related online
workshops and meetings were also hosted by FDA to discuss
the opportunities of using RWE to respond to this pandemic
(e.g., evaluating the potential therapies and diagnostics) and
how to use RWE to assess the effectiveness of preventive
vaccines. FDA has promoted the use of RWD for the COVID-
19 pandemic, such as using RWD to understand diseases, plan
clinical trials, and manage medical product supply chains to
prevent shortages. RWD has potentials to help identify, evaluate,
and provide an initial understanding of the characters of COVID-
19 diagnostics and effectiveness of therapies. FDA partnered with
the Reagan-Udall Foundation and Friends of Cancer Research
launched an initiative named COVID-19 Evidence Accelerator
where natural history of the disease, epidemiology information,
and clinical outcomes, like mortality, hospitalization, and the
number of intensive care units were collected to answer questions
about COVID-19.

Outputs
Publications and Reports
From Web of Science database, the academic outputs regarding
“RWD/RWE” from FDA were summarized. Fifty-four records
were generated with the top document types being Article (24,
44.4%), Editorial materials (20, 37.0%) and Meeting abstract
(8, 14.8%). Twenty-four (44.4%) papers were published in
the year of 2019, followed by 14 (25.9%) in 2020, and in
addition to USA, the top 2 countries/regions of the coauthors
were England (6, 11.1%), and Netherlands (5, 7.4%). It was
also noticed that in addition to US FDA the top two co-
authoring organizations were Brigham andWomen’s Hospital (7,
13.0%) and Harvard Medicine School (7, 13.0%). The top two
publication categories were Pharmacology pharmacy (29, 53.7%)
and Public environmental occupation health (10, 18.5%).

To be more exact, most outcomes were about the applications
of RWD/RWE in different areas such as cancer, cardiovascular
outcome, vaccines surveillance, medical product safety, drug
prescription, precision medicine, etc. This was followed by
developing different methods (including biostatistics methods)
for aggregating/incorporating RWD/RWE. There were also a few
papers on quality assessment/ascension, structured template, or
the race/ethnicity evaluation for RWD/RWE.

Regulatory Guidelines
These workshops and projects involving different stakeholders
were positioned to promote the issuance of the FDA’s regulatory
guidelines. FDA’s Center for Devices and Radiological Health
(CDRH) first released “Use of Real-World Evidence to Support
Regulatory Decision-Making for Medical Devices Guidance
for Industry and Food and Drug Administration Staff” on
August 31, 2017 (19). The main content included the definition
and scope of RWD/RWE, the regulatory environment and

13FDA, Brigham and Women’s Hospital Expand RCT DUPLICATE Project.
Available online at: https://www.clinicaltrialsarena.com/news/fda-rct-duplicate-
project/ (accessed April 2021).

key features for medical devices. Examples generalized from
the actual uses of RWE in support of regulatory decision
making were provided in this guideline, including expanding
indications, post-market surveillance studies, post-approval
device surveillance as approval conditions, control groups,
supplementary data, objective performance standards, and
performance goals. Thereafter, the U.S. Department of Health
and Human Services (HHS) and FDA jointly issued the “Use
of Electronic Health Record Data in Clinical Investigations:
Guidance for Industry” on July 18, 2018, aiming to simplify
clinical research and promote the use HER data in clinical
research. This guideline specified interoperability and integration
techniques of HER and provided best practices for using EHR in
clinical investigations.

According to the requirements of the US Congress, FDA
launched “Framework for FDA’s Real-World Evidence Program”
on December 6, 2018 (18). In this framework, RWD was
defined as “data relating to patient health status and/or the
delivery of health care routinely collected from a variety of
sources” and RWE as “the clinical evidence about the usage
and potential benefits or risks of a medical product derived
from analysis of RWD.” This framework could be used to
evaluate the potential use of RWE serving as a relatively clear
roadmap for how to use RWE in supporting decision-making.
The main content focused on four aspects: (1) the definitions
of RWD and RWE and the scope of application under the 21st
Century Cure Act; (2) the use of RWD to generate RWE; (3)
the RWD/RWE evaluation framework for regulatory decision
making; and (4) FDA’s internal and external involvement with
relevant stakeholders in the development of RWE. On May
8, 2019, FDA’s Center CDER and the Center for Biologics
Evaluation and Research (CBER) jointly issued “Submitting
Documents Using Real-World Data and Real-World Evidence
to FDA for Drugs and Biologics Guidance for Industry” (20).
This guidance demonstrated how companies were able to use
RWD/RWE to help support their applications at the FDA, and
how RWD/RWE could be used to support regulatory decision-
making regarding safety and effectiveness. On January 25, 2021,
CDER released the guidance documents it is planning to issue
in 2021, covering 18 categories and a total of 105 new or revised
guidelines.14 In terms of RWE, three guidelines will be developed:
(1) Real-World Data: Assessing Electronic Health Records and
Medical Claims Data to Support Regulatory Decision-Making for
Drug and Biological Products, (2) Regulatory Considerations for
the Use of Real-World Data and Real-World Evidence to Support
Regulatory Decision-Making for Drugs and Biological Products,
and (3) Using Registries as a Real-World Data Source for FDA
Submissions. The RWD/RWE regulations and guidelines in US
was summarized in Supplementary Table 1.

Networks and Databases
In May 2008, the FDA launched a project named the Sentinel
Initiative to proactively monitor medical products on the market

14Guidance Agenda: Guidance Documents CBER is Planning to Publish During

Calendar Year 2021. Available online at: https://www.fda.gov/vaccines-blood-
biologics/biologics-guidances/guidance-agenda-guidance-documents-cber-
planning-publish-during-calendar-year-2021 (accessed April 2021).
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by leveraging the existing automatedmedical health data systems.
During 2009 to 2014, Harvard Pilgrim Healthcare institute
established the MSCC. From September 2014 to February
2016, “Mini-Sentinel” was transformed to “Sentinel System”
completely. At present, the sentinel system can analyze the
information of more than 300 million people and cooperate
extensively with scientific research institutions, which can
provide regular technical support. In early 2019, the FDA released
“Five-Year Strategic Plan for the Sentinel System: 2019–202315.”
In this strategic plan, five aims were elaborated, and in particular
one of the aims was to accelerate access to and broaden the use of
RWD in evaluating effectiveness of pharmaceutical products.

FDA also participated in the establishment of some
international databases with the first one being the HCV-
TARGET for which FDA has been a partner since its launch in
2011. It is a cooperative academic consortium designed to inform
ongoing changes in the treatment and research of hepatitis C
(21). HCV-TARGET established a common research database to
evaluate the use of newly approved HCV drugs in a real clinical
practice setting. HCV-TARGET has registered more than 10,000
patients treated with FDA-approved HCV direct-acting antiviral
drugs. The CDM project is a multiagency collaboration led by
the FDA (22), aiming to capture data by combining various
RWD-based data networks and simultaneously implementing
them across different health care systems by mapping to a
specific CDM with a consistent format and content (FHIR
format). The research data could be extracted from at least four
research networks: FDA’s Sentinel system, Patient-Centered
Outcomes Research Network (PCORNET), Informatics for
Integrating Biology and the Bedside (i2b2), and Observational
Medical Outcomes Partnership (OMOP). Overall, this project
had established a data infrastructure to collect massive RWD to
promote RWE generation.

Outcomes
A certain number of drugs had been granted the FDA approval
with applications that used RWE as part of the supporting
information. These drugs could be summarized into three
categories: (1) RWE for safety evaluation (pre-approval and
postmarked surveillance testing); (2) efficacy evaluation (orphan
drugs); and (3) new indication for already-approved drugs. For
instance, in 2010, FDA announced the approval of glucosidase
alpha (Lumizyme) for the treatment of infantile paroxysmal
Pompe disease for patients up to 8 years of age. The registry data
showed increased survival at 18 months in Lumizyme patients
compared with age and disease-matched historical controls (23).
In 2017, Brineura was approved for Late Infantile Neuronal
Ceroid Lipofuscinosis type 2(CLN2) after FDA accepted the
results from a non-randomized single-arm trial which compared
with patients from an untreated natural history cohort (24). In
2018, FDA approved Lutathera (lutetium Lu 177 dotatate) by
accepting an RCT with 229 patients and a single-arm, open-
label study of 1,214 patients with somatostatin receptor-positive
tumors (25). In 2019, Pfizer’s Ibrance (Palbociclib) was approved

15Sentinel System 5-Year Strategy 2019-2023—FDA. Available online at: https://
www.sentinelinitiative.org/news-events/publications-presentations/sentinel-
system-five-year-strategy-2019-2023 (accessed April 2021).

by providing data from EHRs and post-marketing report to
expand the indications to include breast cancer in men. In this
case, FDA accepted the real world data from IQVIA’s prescription
and medical claims databases, Flatiron Health’s Breast Cancer
database and Pfizer’s global safety database (24).

In addition to single drug for specific disease, FDA also
approved TB Alliance’s pretomanid tablets as part of a
combination regimen with bedaquiline and linezolid for the
treatment of people with a specific type of highly treatment-
resistant tuberculosis (TB) of the lungs (26). There was a
case of transcatheter aortic valve replacement (TAVR) device.
In 2011, FDA approved first generation TAVR device for
the treatment of aortic stenosis. Based on the post-market
surveillance information of national device registries of TAVR,
FDA approved third generation TAVR for intermediate-risk
patients in 2017.16 It has now become a trend for many medical
and health technology companies to cooperate with industry and
FDA to conduct real-world evidence research based on real-
world databases. For FDA, Sentinel system could also provide
real world data to evaluate safety signals for safety assessments
and risk management. In summary, FDA has regulated the
scope and application scenarios of RWE in accordance with the
requirements of US Congress. FDA has also actively cooperated
with different stakeholders to improve the traditional drug
development process and to bring about potential social and
economic benefits.

European Union—European Medicines
Agency
The Aims of EMA for RWE Development
EMA is a decentralized agency of the EU, where its status is
equivalent to the FDA in the US. It is responsible for the scientific
evaluation, supervision, and safety monitoring of medicines in
the EU. The main functions of EMA are to provide scientific
drug consultants and assessments to protect human and animal
health, establish European standards for human and veterinary
drugs, check and follow up drugs entering the EU (27). RWE is
not a new topic in the EU; it was already used to demonstrate
the efficacy or safety in medicine post-authorization and rare
disease where randomized clinical trials was not ethical (28).
The European Parliament and European Council approved
Regulation (EU) No. 1235/20101 (amending Regulation (EC)
No 726/2004) and Directive 2010/84/EU2 in 2010 (amending
Directive 2001/83/EC) on 15 December 2010.17,18 The national
competent authorities may require the additional monitoring
for specific medicinal products to marketing authorisations
holders, like conducting post-authorization safety study (PASS)
and post-authorization efficacy study (PAES) when there are

16FDA Facts: Postmarket Patient Registry Ensures Access to Safe and Effective

Devices. Available online at: https://www.fda.gov/about-fda/innovation-fda/
fda-facts-postmarket-patient-registry-ensures-access-safe-and-effective-devices
(accessed April 2021).
17Regulation (EU)No 1235/2010 of the European Parliament and of the Council.

Available online at: https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:
L:2010:348:0001:0016:EN:PDF (accessed April 2021).
18Directive 2010/84/EU of the European Parliament and of the Council. Available
online at: https://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:348:
0074:0099:EN:PDF (accessed April 2021).
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safety risks, or the significant needs of efficacy revision.19

RWE plays a significant role in PASS and PAES in supporting
pharmacovigilance activities (29), refining and assessing safety
signals. The definition of RWD in the EU is the data relating
to patient health status or the delivery of health care routinely
collected from a variety of sources rather than traditional clinical
trials. RWE is the information derived from analysis of RWD.
In EMA, RWE is widely used in restricting and extending
indications, making labeling changes, accessing benefit-risk, and
the withdrawal of marketing authorization. Nearly 20% of the
withdrawals in the EU are related to real world safety data.20

Inputs and Activities
Knowledge and Technology Support
EMA delivered training curriculum on RWE,
pharmacoepidemiology, methodology, and Big Data for assessors
in committee assessment, where the contents were discussed
at Pharmacovigilance Risk Assessment Committee (PRAC),
Committee for Medicinal Products for Human Use (CHMP)
and Biostatistics Working Party. Relevant training curriculums
on assessment of herbal medicinal products were also developed
by Committee on Herbal Medicinal Products (HMPC).21 In
2019, the EMA issued “Regulatory Science to 2025,” which aimed
to establish a more adaptive regulatory system to encourage
medical innovation (30). In this strategy, expertise to regulate
product dossiers was required for EMA working group. Training
curriculum of skilled analysis, collaborations with external
experts from academia, recruitment on multiple disciplines
(data science, biostatistics, epidemiology, advanced analytics,
and AI+), and continuing education were stressed to enhance
reviewers’ consistent understanding of RWD source and the
generation of RWE, especially from observational studies
(30). A joint task force of the EMA and Heads of Medicines
Agencies (HMA) was created in 2017, which mandated to make
approaches to the use of “big data” in EU medicine regulatory
paradigm. One of 10 priority recommendations of Phase II
reports, a Methodologies Working Party (including RWD) was
recommended to be established based on the existing working
party (31).

Research and Project Funding
EMA launched framework contracts with academic and
research institutions to conduct EMA-funded efficacy or safety
research. Nineteen external studies based on multi-database and
multinational collaboration were conducted to support EMA
committees from 2010 to 2019 (32). Pharmacoepidemiologic
Research on Outcomes of Therapeutics by a European
Consortium (PROTECT) was a collaborative research project,

19Amending, as regards pharmacovigilance, Directive 2001/83/EC on the
Community code relating to medicinal products for human use. Available online
at: https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:348:0074:
0099:EN:PDF (accessed April 2021).
20Big Data Steering Group workshop. Available online at: https://www.ema.
europa.eu/en/documents/work-programme/workplan-hma/ema-joint-big-data-
steering-group_en.pdf (accessed April 2021).
21EMA ANNUAL REPORT 2019. Available online at: https://www.ema.europa.
eu/en/documents/annual-report/2019-annual-report-european-medicines-
agency_en.pdf (accessed April 2021).

which was coordinated by EMA and GlaxoSmithKline from
September 2009 until June 2015. PROTECT funded by
InnovativeMedicines Initiative (IMI), involving 34multinational
consortiums of academics, regulators and pharmaceutical
companies. The main research results related to RWE included
(1) guidance for observational studies on medicines in several
databases and several countries with common protocols; (2)
review of good detection practices, which improved the signal
detection methods in regulatory agencies and pharmaceutical
companies; (3) recommendations for benefit-risk assessment
methodologies and visual representations to facilitate decision-
making; (4) exploring new methods to collect data directly
from patients. Furthermore, EMA preformed 88 RWE in-house
studies at the request of PRAC and CHMP to Committees
using databases of electronic healthcare records and claims data
in Europe (e.g., The THIN, IMS FR/DE, and EudraVigilance
database), where a total of 88 studies started during 2013–2019.22

In 2020, EMA signed three contracts for observational research
with academic and private partners to monitor the efficacy and
safety of COVID-19 vaccines and medicines in the real world,
where “COVID-19 infection and medicines in pregnancy” and
“Vaccine Covid-19 monitoring readiness” project with Utrecht
University, “Multicentre cohort studies on the use of medicines
in COVID-19 patients” project with company IQVIA. EMA
also supported the registration of post-authorization studies in
the European Union electronic Register of Post-Authorisation
Studies, which is one of the largest inventories of observational
studies in the world.

Workshops and Projects
EMA organized and conducted series of workshops, meetings,
and projects to explore the use of RWE throughout the
medicine life cycle in the EU, and bring together various
stakeholders from healthcare regulators, academia, and industry.
Pharmacovigilance activities, big data in medicine regulation,
evidence generation of pre-authorization and post-authorization,
techniques of data characterization and discoverability, and the
applications of RWE in specific drugs/therapeutics development
were widely discussed (e.g., cancer drugs, orphan drug, pediatric
drugs, vaccines, and advanced therapies). In addition to
conducting workshops on specific topics, EMA also launched
workshops to collect expert opinions on designing and drafting
RWE related projects, strategies, and work plans.

Real-world data is considered as a subset of big data
in EMA, so that workshops around big data have been
continually organized since 2016. Workshops topics involved
the potential applications, opportunities, and challenges of “big
data” in medicines development and regulatory science.23 In
2017, HMA/EMA Joint Big Data Task Force was established,

22EU Framework for RWE Real World Evidence and Regulatory Decision Making.
Available online at: http://www.cspscanada.org/wp-content/uploads/ARLETT-
Peter-Session-1-European-Medicines-Framework-for-RWE.pdf (accessed April
2021).
23Identifying Opportunities for ‘Big Data’ in Medicines Development and Regulatory

Science. Available online at: https://www.ema.europa.eu/en/documents/report/
report-workshop-identifying-opportunities-big-data-medicines-development-
regulatory-science_en.pdf (accessed April 2021).
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which composed of experienced medicines regulators from 14
National Competent Authorities (NCAs), EMA, and European
Commission. This task force aims to present recommendations
to unlock the potential of big data for medicine regulatory
decision-making. Two reports and priority actions were put
forward from a regulatory perspective. Pharmacovigilance Risk
Assessment Committee (PRAC) of EMA adopted workshops
about the strategy of risk management measures and processes
to enhance the pharmacovigilance activities in the EU. Projects
focus on real time monitoring of drug use patterns was
developed by EMA and European Network of Centers for
Pharmacoepidemiology and Pharmacovigilance (ENCePP).

EMA coordinated with multi-national medicine regulatory
authorities to strengthen the safety, efficacy, and quality of
medical products. Several processes and tools were developed
to provide earlier access to promising medicines for unmet
medical needs. EMA encouraged companies to request for
Scientific Advice/Consultation throughout the life cycle of
specific medicine, which were provided by the Scientific Advice
Working Party of EMA. This procedure has proved to be helpful
for supporting medicine marketing authorization applications
and facilitating access to medicines (33). In 2017, EMA and FDA
developed a plan to provide sponsors with FDA-EMA Parallel
Scientific Advice to simultaneously exchange opinions with drug
applicants on scientific issues during the new drug approval
stage and avoid unnecessary duplication (34). Priority Medicine
is an early access procedure to strengthen the development
of promising new medicines, which have potentials to meet
the unmet medical needs in EU (35). Adaptive Pathways is a
program that enables a promising drug to be approved in a
progressive approval and promotes timely access to new drugs
for patients. A drug may be initially approved for a small
group of patients who could get the biggest benefits, while
further evidence of use may be collected over time as the
supplement for the expansion of target users or indications
(36). In this process, the application of RWE is indispensable,
where supplementary clinical trial data and evidence about
drugs in a real-world setting would be collected to support
decision making, such as expanding descriptions or adding new
use indications of products that have been approved. Similar
early access tools include conditional marketing authorization,
authorization under exceptional circumstances and accelerated
assessment (37). All these processes/tools fairly promote the
generation of RWE in a practical setting, which was considered
as the supplement of clinical trial data in medicine evaluation.

EMA also conducted workshops and initiatives to enhance
the generation of RWE from patient registries and observational
studies. Patients’ registries could provide post-licensing evidence
of medicines or treatments of patients with particular diseases
(38). The EMA Patient Registry Initiative was conducted in 2015
to facilitate use of disease registries by standard methodological
approaches to support the benefit-risk evaluation of medicine.24

24Patient Registry Initiative—Strategy and Mandate of the Cross-Committee Task

Force. Available online at: https://www.ema.europa.eu/en/documents/other/
patient-registry-initiative-strategy-mandate-cross-committee-task-force_en.pdf
(accessed April 2021).

This initiative and related workshop made big progress on
medicine authorization and regulatory guidance. In 2017, EMA
and Drug Information Association organized a statistics forum
to explore the role of observational data in assessing the benefits
and risks of medicines; relevant regulatory guidance was also
discussed.25

The Innovative Drug Initiative (IMI) is a public-private
partnership between EU and European pharmaceutical
industry.26 IMI mainly aims at improving the European drug
research environment and promoting new drug development.
The members including regulatory authorities, pharmaceutical
companies, academia, HTA bodies, physicians, and patients.
IMI supports many projects to generate data/evidence that is
of direct relevance to regulatory authorities, health technology
assessment (HTA) bodies and payers. There are two continuous
projects focusing on generation and implementation of RWE in
the EU, which are IMI GetReal (2013–2017) and IMI GetReal
initiative (2018–2030 April 2021). IMI GetReal project aimed
to promote the development of new methods to generate RWE
and explore how to implement the collection and synthesis
of RWD in medical research and healthcare decision-making
in Europe. Thirty plus research publications, RWE related
tools, and skills development training were delivered. GetReal
projects addressed different objectives by comprising 4 work
packages (WP1–4).27 WP1 included three parts: A Think Tank
for RWE recommendations generation, a number of Task Forces
for challenges solutions and a RWE Research Community for
involving multiple members to provide feedback on guidelines,
recommendations and reports produced by the project. WP2
focused on the long-term sustainability of GetReal Initiative
on a not-for-profit basis, where WP3 addressed the overall
project management and communications and WP4 for relevant
ethics issues. The main tools including RWE Navigator (39),
Pragmatic (40), Aggregate Data Drug Information System (41),
and Sure-Real (42). In 28 April 2021, the GetReal Institute will be
launched,28 which was formed as a non-profit multi-stakeholder
organization in Netherlands. This institution was built on the
success of the two previous projects. Three areas were focused:
(1) reducing barriers to the secondary use of data sources for
health care decision-making; (2) bridging the gap between RWE
and conventional randomized controlled trial approaches, and
(3) addressing the evidence needs of “downstream” decision-
makers. In addition to GetReal, Recognizing Adverse Drug
Reactions project 1 and 2 (IMI WEB-RADR 1 and 2) were
launched in 2014 and 2018 by IMI to strengthen the power of

25European Medicines Agency (EMA)/Drug Information Association (DIA)

statistics forum: The role of observational data in assessing the benefits and risks of

medicines. Available online at: https://www.ema.europa.eu/en/events/european-
medicines-agency-ema-drug-information-association-dia-statistics-forum-role-
observational (accessed April 2021).
26About IMI. Available online at: https://www.imi.europa.eu/about-imi (accessed
April 2021).
27The Main Work Groups. Available online at: https://www.getreal-initiative.eu/
work/ (accessed April 2021).
28RWE for Better Health-Care Decision-Making. Available online at: https://www.
getreal-institute.org/about-us/ (accessed April 2021).
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social media for pharmacovigilance.29 Patients could report the
medicine side effects and receive reliable information on their
drugs by Med Safety mobile applications.30 This project could
collect real-world data of medicine use for pharmacovigilance
purposes (43).

Outputs
Publications and Reports
From Web of Science database, the academic outputs regarding
“RWD/RWE” from EMA were summarized. Twenty-one papers
were generated with the top three document types being Article
(12, 27%), Editorial materials (4, 19%), and meeting abstract
(4, 19%). Ten (47.6%) papers were published in the year of
2020, followed by 4 (19%) in 2019 and 2017, and the top
two co-authoring countries/regions were Netherlands (16, 76%),
and England (15, 76%). It was also noticed that the top
two co-authoring organizations were Harvard Medicine School
(7, 33.3%) and US FDA (6, 28.6%). The top 2 publication
categories were Pharmacology pharmacy (14, 66.7%) and Public
environmental occupation health (8, 38%).

To be more exact, most outcomes were about the applications
of RWD/RWE in different areas such as vaccines surveillance,
medical product safety, drug prescription, Pharmacovigilance,
Pharmaceuticals, and health care decision making. This was
followed by developing different methods to improve the
credibility of RWD/RWE via improving transparency, validity,
etc. There was also one output about EMA’s experience in
RWD/RWE and one paper highlighting the challenges and
possible solutions for Europe.

Regulatory Guideline
In 2019, EMA launched the OPTIMAL (Operational, TechnIcal,
and MethodologicAL) framework to explore the appropriate use
of valid RWE for the regulatory purpose. The challenges with
the use of RWD to generate acceptable RWE in each areas
(optional, technical, and methodological) could be addressed
by possible solutions in EU context (32). In early 2019, the
first report by HMA-EMA joint Big Data Task Force reviewed
the landscape of big data and identified opportunities of big
data in improving the medicine regulation (44). The final
(Phase II) report was adopted by Management Board of EMA
(31). In this report, practical steps that should be taken to
increase the capacity of dealing with big data was determined,
where 10 priority recommendations were identified, including
(1) Deliver a sustainable platform (DARWIN) to access and
analyze healthcare data from across the EU; (2) Establish an EU
framework for data quality and representativeness; (3) Enable
data discoverability; (4) Develop EU regulatory skills in big data;
(5) Strengthen EU regulatory processes for big data submissions;
(6) Build EU regulatory capability to analyze big data; (7)
Modernize the delivery of expert advice; (8) Ensure data are
managed and analyzed within a secure and ethical governance
framework; (9) Collaborate with international initiatives on

29WEB-RADR: Recognising Adverse Drug Reactions. Available online at: https://
web-radr.eu/ (accessed April 2021).
30Med Safety App. Available online at: https://web-radr.eu/mobile-apps/med-
safety/ (accessed April 2021).

big data; and (10) Create an EU big data “stakeholder
implementation forum.” EMA issued “Regulatory Science to
2025” strategic reflection in 2020 based on the outcomes of
public consultation, workshops, and meetings, which aimed to
establish a more adaptive regulatory system to encourage medical
innovation. Improving the application of high-quality RWD was
considered a priority to regulatory decision-making by EMA
(29). Guideline on registry-based studies was drafted in May
2020, which aimed to improve the use of registry information
with regulatory purpose.31 On 25 November 2020, European
Commission issued the Pharmaceutical Strategy for Europe.
Commission emphasized the digitalization and innovation in
the use of RWD could improve the medicine development,
authorization, and use. Pharmaceutical legislation of new
methods of evidence generations and assessment would be
considered by Commission.32 Themain RWE related regulations
in EU were summarized in Supplementary Table 2.

Networks and Databases
EMA-EUnetHTA collaboration (45) was a center founded in
2010, aiming to harness synergies between regulatory evaluation
and HTA throughout the lifecycle of a pharmaceutical product.
Most HTA bodies encourage the use of the existing registries
of good quality to generate the RWD. This collaboration could
optimize the data collection and analyze RWD (including
registries) by developing standards to optimize the generation
of post-licensed evidence for decision making and improve the
efficiency and quality of data.33 European Network of Centers
for Pharmacoepidemiology and Pharmacovigilance (ENCePP)
was coordinated by the EMA (46), aiming to involve experts
and resources in pharmacoepidemiology and pharmacovigilance
across Europe and provide a platform for collaboration. The
main research interests were drug safety, risk and benefit, disease
epidemiology, and drug utilization. One of the key outputs
of ENCePP was the establishment of a database that included
numerous RWDs, such as patient registries from EU research
organizations and networks (47).

EU Common Data Model (CDM) is a model to support
regulatory decision-making in Europe. This program was
conducted to establish HMA-EMA Joint Big Data taskforce,
which aimed to describe the big data landscape from a
regulatory perspective. EMA led a conference entitled “EU
Common Data Model?—Why? Which? How?34” in 2017. The
opportunities and challenges of using a common data model
and what kind of guidelines should be developed for such a
model were widely discussed. The similar data model included

31Guideline on Registry-Based Studies. Available online at: https://www.ema.
europa.eu/en/guideline-registry-based-studies#draft-under-public-consultation-
section (accessed April 2021).
32A Pharmaceutical Strategy for Europe. Available online at: https://ec.europa.eu/
health/human-use/strategy_en (accessed at April 2021).
33EUnetHTA Joint Action 3 WP5 Strand B: Post-Launch Evidence Generation

(PLEG) and Registries. Available online at: https://eunethta.eu/wp-content/
uploads/2020/05/EUnetHTA-PLEG_CP_01_ECFSPR_summary-report.pdf
(accessed April 2021).
34A Common Data Model in Europe? – Why? Which? How? Available
online at: https://www.ema.europa.eu/en/events/common-data-model-europe-
why-which-how (accessed February 2021).
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Observing Medical Outcomes Partnership (OMOP) (48) and
Outpost Data Model. The establishment of “Data Analysis
and Real-World Interrogation Network (DARWIN)” is the top
one priority recommendation in HMA-EMA Joint Big Data
Phase II report. DARWIN is an EU platform to access and
analyze real world healthcare data. High-quality and robust
RWE could be generated to inform regulatory decision in
the EU, including support product development, medicine
authorization and effects monitoring. The Big Data Steering
Group was set up in February 2020 to provide suggestions to
EMA Management Board and HMA on implementation of the
priority recommendations. Its workplan 2020–2021 was adopted
in July 2020.35

European Health Data and Evidence Network (EHDEN),
Accelerated development of vaccine benefit-risk collaboration in
Europe (ADVANCE), and Vaccine monitoring Collaboration for
Europe (VAC4EU) are three RWE-related network/collaboration
funded by IMI. EHDEN is launched to covert European data
for 100 million individuals into the Observational Medical
Outcomes Partnership common data model, which allows for
the systematic analysis of disparate observational databases.
ADVANCE is a public-private consortium composed of 47
organizations. It aims to deliver best evidence timely to support
vaccination decision making in Europe (49). VAC4EU is the
sustainability solution of the ADVANCE (ended in March 2019).
It is a multi-stakeholder international association, which enables
robust and timely evidence-generation on the effects of vaccines.
These three initiatives will provide RWE on COVID-19 vaccines
and treatment to EMA in clinical practice (50).

In order to leverage quality data for use by public authorities
in November 2020, the Commission and the German Presidency
of Council of the EU announced to work together to establish
European Health Data Space, which is one of the priorities of
the Commission 2019–2025.36 This initiative aims to provide
a common data sharing and exchange framework across EU
Member States to facilitate the use of quality health data
throughout the EU. Issues on data protection rules, relevant IT
systems, digital health services, and artificial intelligence in health
will be clarified in following roadmap, which is under the public
consultation period.

Outcomes
Metformin is one of the most common prescribed oral anti-
diabetics therapy in treatment of insulin dependent type
2 diabetes in the EU (51). CHMP reviewed the available
data in previous research in real world setting to support
labeling changes including a revision of the indications or
contraindications. Similarly, some new drugs were approved or
enlisted by applying RWE. Eculizumab is a monoclonal antibody
manufactured by the company Alexion. In 2015, Alexion
extended indications by providing a prospective, observational

35Big Data Steering Group. Available online at: https://www.ema.europa.eu/
en/documents/work-programme/workplan-hma/ema-joint-big-data-steering-
group_en.pdf (accessed April 2021).
36European Health Data Space. Available online at: https://ec.europa.eu/health/
ehealth/dataspace_en (accessed April 2021).

study using data from a PNH registry.37 Elosulfase alfa, marketed
by the company BioMarin under the tradename Vimizin, was
approved for conditional reimbursement in the UK, where
collaboration was conducted with the MPS Society and NHS
England to collect patient data in supporting the MPS IVA
registry.38

China—National Medical Products
Administration
The Aims of NMPA for RWE Development
National Medical Products Administration (NMPA) is the
Chinese agency for regulating medicines and medical devices
(formerly the China FDA)4 In the past few years, NMPA
has investigated how to apply RWE to the development of
medicines and medical devices. Based on the main themes of
the official documents released by NMPA, the aim of NMPA
regarding RWE application was “development, evaluation and
authorization of medicines and medical devices.” Related
regulatory guidelines have provided definitions and technical
supports to the development of RWE or real-world research
in specific areas such as medical devices and pediatric drugs.
In particular, “real-world data refers to various data related
to the patient’s daily health status and/or diagnosis, treatment,
and health care. Not all real-world data can produce real-world
evidence after analysis, and only real-world data that meets
applicability criteria can be formed after proper and sufficient
analysis.”39

Inputs and Activities
Knowledge and Technology Support
As of the study being conducted, no public information was
found from NMPA about knowledge and technology support for
RWE (e.g., training curriculum).

Research and Project Funding
In April 2019, NMPA launched the China Drug Regulatory
Scientific Action Plan and identified nine key research projects,
including one project on RWE entitled “Methodological
Research on Using Real-World Data for Clinical Evaluation
of Medical Devices.” This project was led by the Department
of Medical Device Supervision and Administration of NMPA,
aiming to explore the use of RWD for regulation, provide
solutions to accelerate the launch of innovative products, and
promote reform of the medical device approval system. Then
the Medical Device Regulatory Science Research Institute of
Sichuan University was established and served as the first medical
device regulatory scientific research base of the NMPA. From
10/Jan/2020 to 09/April/2021, there were a total of 820 studies
addressing various aspects of Novel Coronavirus Pneumonia
(COVID-19), which were registered at the Chinese Clinical

37Soliris. Available online at: https://www.ema.europa.eu/en/medicines/human/
EPAR/soliris (accessed February 2021).
38Vimizim. Available online at: https://www.ema.europa.eu/en/medicines/human/
EPAR/vimizim (accessed February 2021).
39Guiding Principles for Real-World Data Used to Generate Real-World

Evidence. Available online at: http://www.ccpie.org/cn/yjxx/yphzp/webinfo/2020/
08/1592161975419093.htm (accessed April 2021).
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Trials Registry at http://www.chictr.org.cn/enIndex.aspx. Amony
them, a total of 17 studies were observational studies. No public
information was available on whether these observational studies
were supported by the NMPA or not.

Workshops and Projects
The 7th China Pharmacovigilance Conference was held by the
National Center for Adverse Drug Reaction Monitoring on
November 15, 2019. During the conference, organizers hosted a
special workshop entitled “Regulatory Science and Real-World
Evidence.” The aim of this workshop was to promote the
use of RWE to support market-based drug safety regulatory
decisions. Experts discussed the application value of RWE in
medicine innovation and safety surveillance.40 In the same
month, 2019 Real World Data Conference was held in Tianjin
city. This conference was sponsored by the China Center for
Food and Drug International Exchange, co-organized by the
Peking University Clinical Research Institute and the Chinese
Medical Doctors Association. Domestic and foreign experts from
regulators, academia and industries shared their own researches
or experiences on hot topics related RWD/RWE, including the
background and conception, methodologies of data collection,
evidence evaluation and applications.41

“Hainan Boao Lecheng International Medical Tourism Pilot
Zone” in Hainan Province, China was established by the
State Council of the People’s Republic of China with nine
health related preferential policies granted, including accelerated
approval of medical device and medicine import registration
(47). Based on the China Regulatory Scientific Action Plan for
Drug Supervision, application of clinical RWD was one of the
key research projects. In September 2019, the Food and Drug
Administration of Hainan Province released implementation
plan for pilot project of clinical RWD application in the Hainan
Boao Lecheng International Medical Tourism Pilot Zone (48). A
series of workshops and projects were conducted around the use
of RWE inmedical devices andmedicine. The topicsmainly focus
on the feasibility potential risks and difficulties of using RWE,
especially the application of RWE from the perspective of the use
of medical devices and new approaches for developing medical
device review and approval system were largely discussed.42 2020
Real World Data Research Conference was held in Boao Lecheng
on 25th September, which involved 800+ experts, researchers
and regulatory stakeholders. In this conference, the main topic
is the role of RWE in regulatory decision, including creating
medical device supervision system with Chinese characteristics,
consolidating the system foundation for the pilot work of
clinical RWD application, RWD supports drug development
and clinical evaluation of medical devices and how to speed
up the construction of a free trade port to help RWE related

40China Pharmacovigilance Conference. Available online at: http://zgywjj.fhui.org/
Page (accessed February 2021).
412019 Real World Data Research Conference. Available online at: http://
www.ccpie.org/cn/hyzl/webinfo/2019/06/1561929590858071.htm (accessed
February 2021).
42Real World Evidence Seminar in Boao. Available online at: http://hifda.hainan.
gov.cn/zxdt/gzdt/201901/t20190129_3095690.html (accessed February 2021).

research in the future.43 In order to support the registration
and declaration of drugs and medical device products in the
Hainan Pilot Zone, a team of 51 academicians and experts
was introduced to guide applicants and clinical organizations
to develop relevant evidence through data collection, system
processing, and statistical analysis with appropriate analytical
models.44

Outputs
Publications and Reports
Different from EMA or FDA, no publication about RWD/RWE
was found to be authored by researchers from the NMPA.
Instead, two main national journals were found to be
governed by the NMPA, China including Chinese Journal of
Pharmacovigilance and China Food and Drug Administration
Magazine. Fourteen relevant papers were found from Chinese
Journal of Pharmacovigilance, where all except one were
about the applications of RWD/RWE in different areas such
as drug/medical product surveillance, drug safety evolution,
Pharmacovigilance, etc. The only exception was on big data
application in RWD/RWE. While nine relevant papers were
found from China Food and Drug Administration Magazine, all
were about the applications of RWD/RWE in different areas with
the only exception being AI in RWD/RWE.

Regulatory Guidelines
The guidelines issued by NMPA always involved not only
policy and regulatory decision-makers but also stakeholders
from industry and academia. On May 29, 2019, the Center for
Drug Evaluation (CDE) of NMPA released “Key Considerations
in Using Real-World Evidence to Support Drug Development
(Draft Version)” for public review, where comments were
widely sought from May to August 2019. Afterwards, CDE of
NMPA organized an expert finalization meeting and internal
discussions to analyze all feedbacks and solicited opinions.
“Guiding Principles of Real-World Evidence supporting Drug
Development and Review (Trial)” was finally promulgated on
January 7, 2020. These two regulatory guidelines gave a clear
explanation about the conception of RWE in China, clarified
relevant definitions of real-world research, explained the status
and scope of real-world evidence, explored the evaluation
principles and provided scientific guidance for industry to use
RWE to support drug research and development.45

On December 13, 2019, the Department of Medical Device
Supervision and Administration of NMPA released “Technical
Guidelines for Clinical Evaluation of Medical Devices using Real-
World Data (Draft Version)” to standardize the application of
RWD in evaluation of medical devices, which was officially

432019 Real World Data Research Conference. Available online at: http://www.
ccpie.org/cn/hyzl/webinfo/2020/09/1601216992843088.htm (accessed February
2021).
44Brief introduction of Hainan Boao Lecheng International Medical Tourism

Pilot Zone. Available online at: http://en.lecityhn.com/2020-07/01/c_505419.htm
(accessed April 2021).
45Guiding Principles of Real-World Evidence Supporting Drug Development and

Review. Available online at: http://www.ccpie.org/cn/yjxx/yphzp/webinfo/2020/
01/1573207428041366.htm (accessed February 2021).
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promulgated in November 2020. This guideline aimed to provide
suggestions for applicants to use RWD for medical devices
registration and provide technical guidance for regulatory
authorities in approving relevant RWD applications.46 Based
on the demand of “Guiding Principles of Real-World Evidence
supporting Drug Development and Review,” CDE of NMPA
drafted the “Guiding Principles for Real World Evidence to
Support Pediatric Drug Development and Review (Draft for
comments)” on May 18, 2020, which was officially promulgated
on September 08, 2020.47 This guideline pointed out that
RWE could be used as an aid to provide support for
children’s clinically reasonable medication evidence (e.g., new
medicines for children, expansion of children’s indications, and
improvement of dosages for children.) to support regulatory
decision-making. High quality RWD is the basis for RWE
generation. For this, the CDE of NMPA organized the drafting
of the “Guiding Principles for Real-World Data Used to Generate
Real-World Evidence (Trial),” which was released in April 2021.39

The main RWE related regulations in China were summarized in
Supplementary Table 3.

Networks and Database
With the development of RWE related activities of the NMPA,
some provinces and cities in China began to explore RWE locally.
Hainan Real World Data Research Institute was established
in 2020, and the Food and Drug Administration of Hainan
Province planned to build a real-world big data platform
across the province to integrate medical data, health insurance
data and drug utilization data, and to connect with other
national health databases. This platform was set not only for
drug registration, but also for post-market supervision and
disease prevention research based on the big data and artificial
intelligence environment.48 Hainan Key Laboratory of Real-
World Data Research and Evaluation was established by NMPA
in February 2021, which aimed to improve drug supervision
and accelerate high-quality development of the pharmaceutical
industry in China.49

Outcomes
In October 2018, bevacizumab was approved for new indications
by the CDE of NMPA. This approval uses retrospective real-
world research, including the results of three recent Chinese
retrospective real-world studies on advanced non-small cell lung
cancer (52). On March 26, 2020, one glaucoma drainage device
was approved with the submission of clinical RWE of racial
differences. It was since approved for the surgical management

46Technical Guidelines for Clinical Evaluation of Medical Devices using Real-World

Data. Available online at: https://www.cmde.org.cn/CL0066/20139.html (accessed
February 2021).
47Guiding Principles of Real-World Evidence supporting Drug Development and

Review. Available online at: http://www.ccpie.org/cn/yjxx/yphzp/webinfo/2020/
09/1599938859069310.htm (accessed February 2021).
48Implementation of clinical real-world data application pilot in Lecheng.
Available online at: http://hnrb.hinews.cn/html/2019-10/16/content_3_1.htm
(accessed February 2021).
49Notice of the State Food andDrug Administration on Recognizing the Second Batch

of Key Laboratories. Available online at: http://www.gov.cn/zhengce/zhengceku/
2021-02/14/content_5587073.htm (accessed April 2021).

of refractory glaucoma and could reduce the incidence of adverse
events. On January 26, 2020, one precision laser system was
approved for registration. These two cases both are medical
product which was granted NMPA approval by providing
clinical RWE collected from Boao Lecheng International Medical
Tourism Pilot Zone.50

To make the comparative results more intuitive and readable,
the different elements of the logic model (Input, Activities,
Outputs and Outcomes) regarding the three DRAs (e.g., FDA,
EMA, and NMPA) were summarized in Table 2.

DISCUSSION

RWE has received widespread attention and its use for regulatory
decision-making has been promoted worldwide in recent years.
Due to various unique health systems and institutional settings,
different countries/regions have designed different roadmaps to
develop RWE that suits their own situations. In this study, we
summarized the definitions, scopes and developments of RWD
and RWE from the official perspective of the DRAs namely FDA
in US, EMA in EU, and NMPA in China.

The pharmaceutical industry is well-developed in the US. It
has the largest number of innovative pharmaceutical companies
and is accompanied by huge R&D investment (53). The
development of RWE in the US first originated from US
Congress’s request to the FDA to assess potential utilization
of RWE, including supporting new indications approval and
post-market research. FDA actively cooperates with different
stakeholders through funding, workshops, conferences, and
activities to clarify how to use RWE to support regulatory
decision making in the medical devices and drugs scientifically
and rationally. From the activities and regulations, it can be
seen that the main role of RWE in the US is to support drug
approval decisions and accelerate the listing of domestic drugs.
The FDA has also provided industry with guidelines on how to
submit relevant RWD/RWE documents to regulatory agencies.
The EU pharmaceutical industry is also a mature Industry.
EU is the world’s largest regional market composed of many
developed countries and one of the most important mainstream
pharmaceutical consumer markets (54). RWD/RWE is not a
novel concept in the EU. RWE was originally used to evaluate
the safety and efficacy of medicines after authorization. RWE
was also widely applied in rare or orphan disease (5), in which
RCTs may be unfeasible and perhaps considered unethical due
to a very limited population. As the potential of big data was
discovered in EU, RWE, as a subset of big data, is accepted wider
for use in the entire life cycle of drugs, including accelerating
approvals, and label expansions. Compared with the US and
Europe, the development of the pharmaceutical industry in
China is relatively backward. Although China’s pharmaceutical
market ranks second in the world, the number of innovative
drugs only accounts for 6% of the world. As of 2020, the total
number of global biopharmaceutical companies has reached

50First Medical Device Product Using Domestic Real-World Data was Approved

in China. Available online at: https://www.nmpa.gov.cn/zhuanti/ypqxgg/gggzjzh/
20200326212201538.html (accessed February 2021).
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TABLE 2 | Logic model of RWE development in FDA, EMA, and NPMA.

DRAs INPUTS ACTIVITIES OUTPUTS OUTCOMES

What DRAs invested What DRAs did Who DRAs reached What DRAs got What DRAs achieved

FDA Aim: “Utilizing Real World Evidence.”: supporting the approval of new indications for approved drugs and post-approval research requirements

· Staff and experts

· Financial

· Technology

· Equipment and platform.

· Community

· Domestic and

international partners

· Conduct workshops and meetings

· Provide project findings

· Together stakeholders

· Develop reports, curricula,

resources

· Facilitate access to information

· Work with partners

· Industry

· Academic institutions

· Domestic government

institutions

· Overseas institutions

· Publications and reports

· Regulatory guidelines

· Database and data

sharing platforms

· Decision-making:

• New drugs approved

· Awareness

· Knowledge

· Skills

· Motivations

· Behavior

· Health

· Social

· Economic

EMA Aim: Utilizing the power of big data and improving the application of high-quality RWD to support regulatory decision-making

· Staff and experts

· Financial

· Committee

· Technology

· Resources and

organization

· Conduct workshops and meetings

· Organize initiatives

· Together stakeholders

· Facilitate access to information

· Work with partners from different

countries

· Industry

· Academia

· Agencies and

community

· Decision-makers

· EU country health

institutions

· Overseas institutions

· Publications and reports

· Centers and committees

· Tools developed by

activities.

· Annual conference reports

· Database and data

sharing platforms

· Decision-making:

• New drugs approved and

indications added.

· Communications

· Motivations

· Behavior

· Health

· Social

· Economic

NMPA Aim: Utilizing the power of big data and improving the application of high-quality RWD

· Financial

· Technology

· Domestic partners

· Conduct workshops and meetings

· Organize projects

· Together stakeholders

· Facilitate access to information

· Leadership in local institutions

· Industry

· Academia

· Local institutions

· Publications and reports

· Regulatory guidelines

· Regulatory Science Action

Plan

· Decision-making:

• New devices approved and

indications added.

· RWE platform

· Motivations

· Health

· Social

· Economic

4,362, of which 76% are concentrated in Europe and the US, and
the sales of European and US companies account for 93% of the
global biopharmaceutical company sales.51 In China, one of the
main applications of RWE is to evaluate the safety of imported
drugs. There are corresponding guidelines and applications in
drug development, pediatric drugs, medical devices, and quality
standard of high-quality RWD. A special application of RWE
in China is that unique traditional Chinese medicine empirical
formulas could become the scope of practical evidence, including
clinical research of Traditional Chinese Medicine, re-evaluation,
and effectiveness analysis (55).

It is shown that there exist some subtle differences in the
definitions of RWE across the FDA, EMA, and NMPA. In
particular, FDA defined RWD as data relating to patient health
status and/or the delivery of health care routinely collected from
a variety of sources and RWE as the clinical evidence about the
usage and potential benefits or risks of a medical product derived
from analysis of RWD (18); from EMA perspective, RWD
denoted the data relating to patient health status or the delivery
of health care routinely collected from a variety of sources

51Analysis of the Development Status of China’s Generic Drugs. Available
online at: https://www.lexology.com/library/detail.aspx?g=4066fd3f-15bc-4e3a-
97b9-0b6afae82fee (accessed April 2021).

rather than traditional clinical trials, and RWE is the information
derived from analysis of RWD (44); in NMPA, China, RWD
refers to various data related to the patient’s daily health status
and/or diagnosis, treatment and health care, and only RWD that
meets applicability criteria can be formed as RWD after proper
and sufficient analysis. From the slightly different definitions of
RWD in the three countries/regions, different pharmaceutical
and regulatory environments can be glimpsed: (1) the scopes of
RWD and RWE in US are comparatively wider than the EU and
China, which is mainly due to the US’s particular objective to
support and accelerate approvals of new medicine; (2) the EU
is comparatively conservatory in using RWE, which is primarily
to address the important questions that cannot be answered
in standard RCTs. However, data from patients’ registry and
observational study is acceptable for EMA.One persuasive reason
may contribute to the potential of providing insight into post-
marked safety/ efficacy issues (56), (3) the source of RWD in
China is wide, however, it has relatively strict requirements on
RWE. This is mainly due to the fact that RWE in China is mainly
used to develop local drug R&D and review imported drugs,
only the RWE available to specific disease or treatment could
be scientifically accepted. Therefore, the different definitions of
RWD/RWE can reflect the differences in the purpose and needs
of developing RWE in these three DRAs. In addition, combined
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with their investment in RWE, which was summarized in the
logic model. The three institutions are at different stages of
RWE development. In US and EU, the development of RWE
has entered a relatively mature stage, relevant regulations and
pilot projects have achieved direct outputs and promote the
practical applications of RWE in the fields of drugs, medical
devices and treatment methods (32, 56). While RWE is in a rapid
development stage in China, some relevant regulations have been
issued. Projects, RWD platforms and key laboratories are being
implemented and established. More inputs in staff education and
direct research funding, and outputs of projects have not yet been
publicly presented.

From the logic model applied in this research, although
different strategies of DRAs to develop RWE could be refined,
there are some common characteristic worthy of being put
forward. FDA, EMA, and NMPA all engaged heavily with
scholars and experts from academia and industry and facilitated
cross-sector communication through workshops, conferences,
and projects. Regulatory guidelines evolving around specific
diseases, treatment, patient populations or technologies have
been developed overtime as some of the immediate output.
RWE was commonly used to support drug regulatory decisions,
including providing evidence of effectiveness and safety for the
registration and marketing of new drugs, providing evidence
for changes in the label of a marketed drug, and providing
evidence for post-marketing requirements or re-evaluation (24).
RWE is also related to the overall development of regulatory
science in these three countries/regions. In the US, Centers
of Excellence in Regulatory Science and Innovation are the
institutions that cooperated most with the FDA on RWE-related
projects (57). Promoting use of high-quality real-world data
(RWD) in decision-making is one of the core strategies of
Regulatory Science to 2025 in EU. This strategy includes 10
priority recommendations under Big Data will be conducted by
PRAC and CHMP (58). In China, RWD for Clinical Evaluation of
Medical Devices is one of the key projects in the Drug Regulatory
Science Action Plan. Another consensus is that high quality
RWD is the basis of RWE generation (44, 56). FDA, EMA,
and NMPA have established databases, data sharing platforms
and structured data quality standards to ensure the production
of high-quality RWD. FDA, EMA, and Health Canada have
developed frameworks and programs to promote the use of high-
quality RWD and to support the identification of opportunities
where RWE can enhance clinical trials by overcoming clinical
trial limitations (18, 59). In terms of informing regulatory-
decision, EMA has cooperated with FDA and Japan regulatory
partners on orphan drug supervision. Nearly a third of the
orphan drug certification applications submitted to EMA in 2017
were submitted to another regulatory agencies in parallel (33).
China has fewer international corporations on data sharing and
REW generation. In order to improve and exploit the healthcare
data potential in China, the NMPA has issued regulations to
develop high-quality RWD and data establish sharing platform
(60). The topics around the definition of RWD/RWE, sources of
RWD, data standardization and harmonization, and generation
of high quality RWD/RWE should be discussed and explored
by international collaborations. In general, the entire medical
and health ecosystem, including regulatory agencies, medical

and health institutions, and pharmaceutical companies in
various countries and regions, needs to strengthen the unified
understanding of RWD and RWE, and accelerate the research
and application of RWE in the ecosystem to achieve the
greatest medic.

There are also specific limitations and challenges in the
development of REW in these three countries/regions. For
the medical data, privacy protection, data sharing and data
standardization still need more technical and statistical supports.
More guidance on new types of data (such as health mobile
data, electronic wearable device data) and the acceptability of
overseas health care data (interoperability) should be generated,
and well-connected or managed registration systems should
be established. Especially in EU, fragmentation heterogeneity,
and lack of transparency existing in many European electronic
healthcare databases. For the project cooperation plan ofmultiple
institutions, universally accepted methodological standards
should be applied to increase transparency and reliability of
generated RWE (61). The development of artificial intelligence
technology will also promote the development of RWE, and
regulatory agencies will also face interdisciplinary challenges
(62). One research implied that, although RWD informed various
aspects of drug development and improved decision making,
the development of RWD was largely realized well in high-
income countries. More effort should be input to improve RWD
utilization in a global health context (63).

The authors acknowledge the following limitations of the
study: (a) this work represents a snapshot of the development,
adoption, and advancement of RWE in the regulatory landscape
in three countries/regions only. The findings presented in this
study are not exhaustive as updates about RWE development
emerges regularly, (b) to the authors’ knowledge, all relevant
information from the FDA, EMA and NMAP repositories
was gathered but the manual data-mining process precludes
absolute certainty, (c) regarding the findings about the European
countries, the study primarily focused on the RWE development
promoted by the EMA and actions and initiatives taken by
national competent authorities in the region included in this
study was limited, (d) all the results and conclusions were based
on the publicly available information at the FDA, EMA, and
NMPA repositories, which represents a fraction, but estimated as
the most significant perspective, of the overall RWE development
in the countries/regions.

CONCLUSIONS

In conclusion, by systematically retrieving and comparing RWE
related information from different sources including the DRAs’
official websites and academic databases, it is shown that
significant progress has all been made in the development of
RWE in the US, EU, and China. Generally, various workshops
and projects are organized to promote the development of RWE
in medicine review and post-marketing supervision so that the
corresponding regulations can be improved and implemented.

Analysis via logic model shows that the regulators of DRAs
of these countries and regions have different development
strategies and key areas, driven by different sets of regulatory
challenges and goals unique to the corresponding situations.
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These differences are mainly brought by the different purposes
of developing RWE corresponding to the different development
stages of the pharmaceutical industry. RWE’s development in the
US and EU is more advanced, such as accelerating local drug
review and label expansions, while RWE in China is mainly used
to develop local medicine R&D and review imported medicines.

All in all, it is important to establish regulatory systems
of RWE based on consensus across various sectors of
pharmaceutical industry and medical development among
DRAs to enhance regulatory efficiency and provide better
outcomes for patients, all for better health care decisions. In
addition, more detailed RWE guidance for specific areas (e.g.,
diseases with unresolved needs, special patient groups, technical
specifications, etc.) should be prioritized according to the health
needs of the people the DRA serve.
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During the last decade, a plethora of novel therapies containing live microorganisms as

active substance(s) has emerged with the aim to treat, prevent, or cure diseases in human

beings. Both the Food and Drug Administration (FDA) and the European Directorate

for the Quality of Medicines and Health Care (EDQM) codified these biotherapies as

Live Biotherapeutic Products (LBPs). While these innovative products offer healthcare

opportunities, they also represent a challenge for developers who need to set the most

suitable designs for non-clinical and clinical studies in order to demonstrate a positive

benefit/risk ratio through relevant quality, safety, and efficacy data that are expected

by the drug competent authorities. This article describes how YSOPIA Bioscience,

supported by the Pharmabiotic Research Institute (PRI), addressed the regulatory

challenges during the early development phase of their single-strain LBP, Xla1, in order

to obtain the necessary authorizations to bring this drug to the clinical stage.

Keywords: Microbiome, Live Biotherapeutic Products, regulatory science, Food and Drug Administration,

European Medicines Agency, FIH clinical trial, LBP

INTRODUCTION

Effects of the microbiome on human health were described for the first time at the beginning of
the 1900’s by Elie Metchnikoff (1). Recently, improvement of the efficiency of sequencing methods
has revived interest in the microbiome field and has enabled microbiologists to perform genomics
analysis and break down complex ecosystems such as human fecal material (2, 3). From then on,
numerous correlation and causality relationships between microbiome and pathologies have been
uncovered (4, 5). The treatment of disease by way ofmicrobiome intervention is now in the realm of
possibility, and several microbiome-based therapies are currently in development for this purpose,
including Live Biotherapeutic Products (LBPs).

Firstly defined by the Food and Drug Administration (FDA), LBPs are biological medicinal
products containing livemicroorganism(s) as active substance(s) (6, 7) (AS). Despite the emergence
of guidelines (6, 7), a number of gaps remain unaddressed to support the development of these
new AS, in particular regarding how drug regulatory requirements should be addressed in practice.
Indeed, LBPs face specific challenges inherent to their biological characteristics andmodes of action
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(MoA), and as such, require special considerations for quality,
safety and efficacy documentation before being used in humans.
This is why the Pharmabiotic Research Institute (PRI) was
created in 2010; in order to support its members in their efforts
to develop and register microbiome-based medicinal products in
the European Union (EU). As a non-profit entity, the PRI has
developed a collaborative approach to identify and clarify the
regulatory and scientific requirements that will be expected from
the European competent drug authorities when market approval
will be sought for these innovative therapies.

YSOPIA Bioscience is a French pharmaceutical biotechnology
company developing microbiome-based therapies focused on
keystone bacteria. YSOPIA’s first drug development program
aims to exploit the potential of Christensenella minuta DSM
33407 with its Drug Product (DP), Xla1, as a novel biotherapy
to treat obesity and associated metabolic disorders.

As drug development is aiming at global markets, and
in absence of international harmonization of the regulatory
expectations for LBPs, YSOPIA, supported by the PRI, engaged in
discussions with the EMA and the FDA to adapt its development
strategy to their evaluation and comments. YSOPIA submitted
a pre-Investigational New Drug (IND) package to the FDA (in
2019) and requested a scientific advice to the EMA (in 2020)
based on two briefing packages containing the same level of
information. Knowing this, the EMA requested the minutes of
the pre-IND meeting with the FDA. The company’s strategy
to provide evidence of quality, safety and efficacy of its LBP
candidate has therefore been fostered by feedbacks from both
the EMA and the FDA, shedding further light on an area
where the regulatory agencies are in need of relevant data and
scientific rationale.

In the present article, the authors aimed at highlighting key
regulatory concepts specific to LBPs that were raised by both
competent authorities to support strategic decisions that must
be made when designing comprehensive development plans
for LBPs. Since the two competent authorities offer distinct
procedures (i.e., pre-IND leading to clinical trial authorization
for the FDA vs. scientific advice as a tool to engage in early
discussions with the EMA) nuances have to be expected and will
be highlighted. Moreover, for the sake of clarity, the article will be
presented based on the Common Technical Document structure
(8) relevant for both applications [i.e., Investigational New Drug
(IND) and Investigational Medicinal Product (IMPD)] starting
with manufacturing considerations, then addressing pre-clinical
and clinical aspects.

CONSIDERATIONS REQUIRED FOR LBP
QUALITY DOCUMENTATION

Cell Banks Establishment and
Management
LBP development begins with bacterial strain isolation,
banking, and characterization. This step often involves several
developmental steps of manipulation and culturing before
the initial cell bank, the Research Cell Bank (RCB), can be
finalized. Both in the EU and in the United States (U.S.), quality

TABLE 1 | Essential information to document the origin of the strain.

Information to document DATA to gather/collect

Original source of cells from

which the DS was derived

For example, fecal material

Donor(s) information Relevant information potentially impacting the

safety of the active substance such as for

example age, sex, general physiological

condition, state of health or medical history,

body mass index, absence of pathogenic

agents, absence of travel, and antimicrobial

treatments during a relevant period before

sampling.

Selection modalities and

culture/passage history of the

strain

Laboratory documentation and traceability

documentation must include the description of the strain’s
origin (material from which the strain was isolated) and strain’s
culture/passage history before finalization of the bank (6, 7).
Furthermore, when strains are isolated from human biological
material, information on the donor must be documented (9).
However, the level of documentation required about the donor
is not currently specified in any guidelines; therefore, developers
must ensure that appropriate data are obtained at the time of
collection, considering potential ethical limitations. Based on
guidelines previously published for biologicals (9), the following
information (Table 1) seemed appropriate to document the
origin of a strain:

In the case of LBPs, the management of the cell banking
system is key as it contains the AS of the product itself and, it
may therefore directly influence the quality of the final product,
as well as its safety and efficacy (10, 11). After comprehensive
characterization of the strain(s), the Master Cell Banks (MCB)
and Working Cell Banks (WCB) must be prepared in GMP
environment from the RCB in order to answer regulatory
requirements for the production of human therapies. MCB and
WCB must be characterized exhaustively and their preparation
process should be described in detail (9). A WCB may not
always have to be generated prior to Phase 1 clinical study as it
was acceptable for the FDA (6). However, both agencies advise
preparing theWCBs as early as possible, pointing out that aWCB
is an essential component of any acceptable quality development
allowing to keep MCB as long as possible.

During our interactions with the EMA, their representatives
pointed out that the rationale of the selection of the desired
strain and its purity should also be confirmed with relevant
data. Indeed, we noted that it was highly important that LBP
developers provide a rationale for the isolation and selection of
the strain to be banked. This means that integration of quality
aspects as well as potential safety and efficacy features of the AS
must be considered early on in the development plan.

Comprehensive Strain Characterization
Characterization of the microbial cells used to establish cell banks
is an essential part of LBP quality documentation as it describes
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TABLE 2 | Quality requirements from both EU and US regulatory authorities for

strain characterization.

Required information Selected tests and assays

G
e
n
o
ty
p
in
g

Identification at species level 16S rDNA genotyping

Identification at strain level

Antimicrobial resistance

genes

Virulence genes

Presence of mobile genetic

elements

Plasmid detection

Bacteriophage-related DNA

insertions

Transposons

Whole genome sequencing

P
h
e
n
o
ty
p
in
g

Identification at strain level MALDI-TOF

Morphology identification

Gram staining

Cell shape and size

Microscopy

Growth characteristics Growth kinetics, pH tolerance,

aerotolerance, bile acid

resistance

Motility and sporulation Wirtz-Conklin method

Antibiotic sensitivity profile Antibiogram along minimum

inhibitory concentrations

Enzymatic activity API 20A anaerobic test, API

rapid ID32A, API ZYM, oxidase,

and catalase activity

Bacterial endotoxins • Method A: gel-clot technique

(12)

•Method B: turbidimetric

technique (12)

• Method C: chromogenic

technique (12)

the identity, potency, quality, and purity of the AS. Both the
FDA and the European Directorate on Quality of Medicines
and Health Care (EDQM) have published their expectations
regarding the characterization of the microorganism used as AS
in LBPs (6, 7). For strain characterization documentation, neither
the EMA nor the FDA required any additional elements to those
specified in the guidelines (6, 7).

Developers must provide identification of the microorganism
at both species and strain levels and the FDA especially
recommends using at least two complementary methods for
this identification (Table 2). Furthermore, in the case of LBPs,
strain(s) characterization is also part of the safety documentation.

Microorganism characterization must include an assessment
of antibiotic resistance through genotypic and phenotypic
assessments (i.e., antibiograms). Developers should determine
minimum inhibitory or minimum bactericidal concentrations
to a selected panel of antibiotics identified beforehand based
on a justified scientific rationale considering the nature of the
strain (e.g., Gram staining) and the targeted population (13–
15). Then, for any antibiotic resistance identified, it is required
to determine whether this resistance is transferable from the
microorganism to the targeted microbiota. Transfer of antibiotic
resistance is not acceptable as it may represent a long-term

risk for patients. Transferability of antibiotic resistance genes
may be anticipated through genome analysis, if these genes are
positioned on transposons, plasmids or any other mobile genetic
elements, risk of transferability is present. As for antimicrobial
resistance, the presence of virulence genes and their potential for
transfer must also be addressed. The EMA has specified that the
whole genome sequence of the strain must be included in the
final product’s dossier, as well as the detailed list of the identified
antibiotic resistance genes, multidrug resistance clusters, putative
virulence factor genes, and mobile genetic elements. However,
there is to date no specific guidelines from the EMA or the
FDA that provide details regarding the quality of the genome
sequencing and associated bioinformatic analysis.

To rule out the risk of infection, it is also necessary
to evaluate the translocation potential of the strain. With
respect to the relationship between translocation potential and
pathogenicity two aspects should be addressed: (1) the ability
of the strain to cross the mucosal barrier, and, (2) the potential
to induce a pathogenic reaction upon passage to the systemic
circulation (inflammation, sepsis, or bacteria-mediated organ
damage) (16). Therefore, a suitable assay should be developed
to assess translocation potential, that should be aligned with the
characteristics of the intended population.

The table below (Table 2) is a summary of the tests and assays
proposed by YSOPIA to the EMA and the FDA in order to
document a comprehensive characterization of the AS (C.minuta
DSM 33407) in line with the aforementioned guidelines (6, 7).

Large Scale Production of the Strain
(Active Substance)
Culture is a critical step of the manufacturing process for LBPs;
therefore, relevant in-process controls should be anticipated, and
acceptance criteria should be established in order to minimize
variability and to ensure safety of the process. The EMA
strongly encourages applicants to establish in-process controls
and acceptance criteria for critical steps of the manufacturing
process of Phase 1 material. Moreover, large-scale culture of a
microorganism requires a profound expertise and mastery of
the strain intended for cultivation. Being a living organism,
a bacterial strain has specific growth requirements; thus, the
culture medium and environmental conditions have to be tightly
controlled. Of note, strictly anaerobic bacteria such as C. minuta
represent an additional challenge as they cannot be cultivated in
presence of oxygen. Moreover, raw materials that will compose
the culture medium must comply with Good Manufacturing
Practices (GMP) (17).

The large-scale production of microorganisms which are
intended to be kept alive in the final product raises additional
challenges related to the reduction of risk of accidental
cross-contamination. Microbiological examination and strain
identification are therefore a critical part of the control strategy
in order to ensure the quality and safety of LBPs. Microbiological
quality examination includes aerobic microbial contamination
count (AMCC), combined yeasts/molds contamination count
(YMCC) and tests for specified micro-organisms such as
16S rDNA genotyping. Both the European and American
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pharmacopeia have described limits andmethods specific to LBPs
(7, 18, 19), or applicable to all non-sterile medicinal products
(20–22) respectively. Besides, as mentioned during interactions
with competent authorities, applicants have the responsibility to
demonstrate the suitability of the selected methods as well as the
viability of the tested microorganisms.

Control Strategy of the Manufacturing
Process
The novelty and complexity of the biological analytical
techniques involved in the characterization and manufacturing
control strategy of LBPs also represent a challenging aspect of
quality documentation for developers.

Additional issues for LBP characterization, manufacturing
process, and their compliance with global drug regulatory
requirements are related to the analytical methods employed for
these products. As for any other drug, regulatory agencies require
the accurate description of analytical methods used during the
drug manufacturing process, especially those deployed for the
drug characterization and establishment of specifications, as
they will consequently be applied to in-process controls and
release tests. Furthermore, the EMA reminded us that suitability
for use and validation of these analytical methods needs to
be demonstrated and supported by data in accordance with
international and regional guidance (23, 24).

Analytical methods used for LBPs principally include
sequencing, plate count and cell count. For LBPs, the strains’
genotypes often guide lead candidate selection and, when a
specific strain is selected as a drug candidate, its genome acts as
its “official passport” and will be the basis of genotypic controls
for identity all along the drug quality control process. While
plate count and cell count methods are generally exploited for
purity and potency determination, several challenges reside in the
robust execution and establishment of these methods including
the execution of such methods under GMP conditions and in
routine production. Furthermore, establishing a potency assay
for a LBP may be challenging since the exact MoA is not always
completely deciphered, rendering difficult the identification and
validation of suitable tests for potency control. Finally, in the case
of anaerobic strains such as C. minuta, an additional challenge
resides in the execution and establishment of such assays under
anaerobic conditions.

Batch to Batch Consistency and Stability
The finalmajor industrial challenge of live ASs resides in ensuring
batch-to-batch consistency of the Drug Substance (DS) and DP.
Indeed, variations in the quantity of livemicroorganisms between
batches is greater than what would be expected for other types
of drugs. This is addressed by broadening product specifications
(for both DS and DP) in terms of viable cell levels and/or Colony
Forming Units (CFU) per grams/liters.

Furthermore, the amount of AS within the final products is
subject to higher instability than other types of drugs. This can
lead to a large variance in viable cell levels and CFUs between
batch release, which impacts on the end of shelf life. Neither of
the agencies had issues with this principle, as long as appropriate
stability data were provided.

In summary, quality risk management principles are crucial
considering the inherent variability of biological materials and
should be respected or adapted to develop the control strategy
of the manufacturing process in order to optimize, as much as
possible, the consistency of LBP production (25).

CONSIDERATIONS REQUIRED FOR LBP
NON-CLINICAL DOCUMENTATION

The objectives of the non-clinical safety studies are to assess
pharmacological and toxicological effects prior to initiation of
human studies and throughout clinical development (26). Before
a Phase 1 clinical trial, a preclinical program should cover the
information needed for a safe transposition of the drug from
animals to humans.

The following section will present the non-clinical program
developed by YSOPIA and presented to the EMA and the FDA.
The non-clinical plan (Table 3) is simplified in comparison to
“conventional” non-clinical package for several reasons:

- The bacteria used as AS of the LBP (C. minuta DSM 33407) is
a commensal bacterium isolated from a healthy human and
has already been reported to be linked to a positive clinical
outcome (27),

- The effects of a strain on the human gastrointestinal (GI) tract
cannot be accurately mimicked in any animal model currently
available (28, 29)

- In order to reproduce as accurately as possible the human
microbiome ecology, the non-clinical simulation of the effects
of the AS (C. minuta DSM 33407) was conducted using the ex
vivo GI SHIME R© model (30, 31),

- DP’s effect on the ecology of the microbiome will be more
deeply evaluated during the clinical trials which will be
conducted directly on the target population.

Traditional Pharmacology,
Pharmacokinetic, and Toxicology Studies
Pharmacology Studies
For LBPs, the pharmacological effects vary depending on the
specific properties of the microorganism used as AS, every
species or even strain having a unique biology. As in any
drug development process, both the EMA and FDA ask
developers to select and design preclinical studies according to
the specific features of their drug candidate and in alignment
with the target clinical condition. However, LBPs developers
face challenges to meet these expectations because there are no
standardized models where host-microbiome interactions can
be accurately simulated, particularly in the context of metabolic
pathologies (32).

However, the EMA expects demonstrations of causality
between product administration and improvement of physio-
pathological parameters. The preferred way to demonstrate a
causal relationship is to establish a MoA. Indeed, as stated by
the EMA, understanding how a drug works before it is tested in
clinical trials is important. This facilitates drug monitoring on
the target pathway in the patient. In addition, knowing how a
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TABLE 3 | Non-clinical package proposed for pre-IND/SA.

Study conducted Information collected

Pharmacology

studies

Model selection Validate the most appropriate

model to evaluate the impact of

chronic treatment in future in vivo

studies

Strain selection Identify a C. minuta candidate

strain for further development as

an LBP to target obesity

In vivo efficacy Address the efficacy of the drug

candidate

Dose ranging Identify a putative

dose-dependent efficacy of Xla1

Safety studies Translocation Demonstrate that Xla1 does not

present any risk of

treatment-induced bacterial

infection

High-dose

tolerance and

wash out

Evaluate the impact of an acute

exposure to the highest

concentration technically

achievable

medicine worksmay help predict and prevent adverse effects, and
can also aid in the establishment of contingency plans in the event
of unintentional harm to patients.

As previously explained (see Introduction & Control strategy
of the manufacturing process), defining a clearMoA is not simple
for LBPs as they usually act via multiple simultaneous pathways
which can be directly mediated by interactions with the immune
system, or indirect through gut microbiome modulation and
production of active metabolites (33, 34). Once again, obtaining
an exhaustive characterization of the MoA is complicated by the
entanglement of the relationship between the microbiome and its
host since reproducing this complex interaction in non-clinical
models is very challenging (28, 29). The use of complex dynamic
artificial models of organs (e.g., SHIME R© model mentioned
above) can be helpful to study physiochemical, enzymatic and
microbial parameters in a controlled in vitro setting. It is
therefore recommended to multiply complementary models to
improve understanding of the various aspects of MoAs.

Dosing Rationale and Pharmacokinetic Assessment
As stated in the ICH S6(R1) guideline (26), it is difficult to
establish a uniform way for pharmacokinetic (PK) studies for
biotechnology-derived pharmaceuticals. Indeed, in the case of
LBPs, the AS is not expected to penetrate the systemic circulation
and reach distant organs. Therefore, YSOPIA did not carry
out traditional PK studies and instead employed relevant in
vitro biodistribution and host-microbiome interaction studies.
Traditional dose ranging studies were performed in order to
determine whether there was a dose-dependent relationship
with the product efficacy. However, we did not observe any
dose-effect relationship for our strain (cf. Dosing rationale
& Pharmacokinetic assessment). As a consequence, both the
EMA and the FDA acknowledged that traditional PK and
toxicokinetic (TK) studies were not relevant for LBPs; however,

it is recommended that developers should demonstrate through
relevant studies (i.e., translocation studies) that the strain does
not become systemically available.

There are currently no specific guidelines acknowledging a
common approach to determine the dose for an LBP. The FDA
proposes in the guideline “Estimating the Maximum Safe Starting
Dose in Initial Clinical Trials for Therapeutics in Adult Healthy
Volunteers” (35) several approaches to convert doses studied
in animal models to humans for clinical trials. However, these
conversion indices are based on standard DPs and do not apply
to the specificity of live microorganisms and their inherent
capability to reproduce within the host. Also, the generic method
takes into consideration the body distribution and does not
consider the restricted compartmentalization of an LBP in the GI
tract. Furthermore, the EMA has stated in recent guidelines that
it is upon the developer to identify and mitigate risks for first-
in-human (FIH) clinical trials which include applying a scientific
rationale in the selection of the starting dose (36). Therefore, LBP
developers should propose an alternative and suitable approach
to estimate a LBPs’ human equivalent dose. Here is a list of
questions that was raised by the EMA on this subject:

- What part of the targeted organ should be covered with the
microorganism to achieve the expected effect?

- Will the microorganism actually get there?
- How many microorganisms are needed to provide

sufficient cover?
- Is the microorganism expected to grow and multiply at the site

of action? How this could be monitor?
- How long does it take for the complete elimination of the

microorganisms after administration has ceased?

Based on the answers, developers acquire a body of knowledge
which will serve as the basis of the dosage and administration
schedules for their FIH studies.

Toxicology Studies/Safety Assessment
The risk of transferability of antibiotic resistance to other bacteria
and the risk of causing infection are the two risks commonly
identified for LBPs. As such, drug competent authorities require
developers to assess them as early as in the characterization
studies (6). Consequently, data gathered through these studies
will also be part of any safety documentation; notably,
translocation studies.

These two risks (i.e., transfer of antibiotic resistance and
infection) may also be associated with other risks specific to the
species, to the strains and to the patient who will receive the
treatment. In order to carry on a risk analysis, it is important to
document any beneficial and/or adverse effect ever documented
for the species and if available, for the strain to be used as AS.
Then, assessment and documentation of all identified risks must
be considered to design a relevant preclinical program that will
allow to prepare an appropriate risk management plan for further
clinical trials.

Translocation
As the DS of LBPs contains live bacteria, as mentioned above,
a translocation assessment study is essential to demonstrate the
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absence of bacteria transfer into the systemic circulation in order
to exclude any risk of treatment-induced bacterial infection for
patients. To do so, relevant tissues must be analyzed using
targeted qPCR along bacterial culture to detect potential live
bacteria and prove that bacteria do not translocate. Bacterial
translocation can be exacerbated by at least 3mechanisms: altered
intestinal barrier function, dysbiosis, and impaired host defense
(37). Thus, the pathophysiology of the target population must be
well-understood in order to adapt the translocation model.

Traditional Toxicology Studies
The understanding of the complex molecular pathways involved
in the interaction between the microbiota and its host (human
or animal) is only in its infancy. In accordance with recent
guidelines applicable to biotechnological medicinal products (26,
36), a list of inherent risks associated with LBPs was identified
and was addressed through relevant studies.

The FDA has considered that this package is appropriate
to support the safety of Xla1 for a FIH study and that no
further toxicity studies were needed at this stage of development.
However, they specify that, if a safety signal arose during clinical
development, the regulatory authority may request additional
toxicity studies to address them.

It is more difficult to draw such definite conclusions from the
feedback received from the EMA. The EMA anticipated that for a
marketing authorization, the need for additional toxicity studies
would depend on several factors. For example, if the AS is derived
from healthy human commensal bacteria that are ingested in
amounts within physiological range, and if it does not become
systemically available, no additional traditional toxicity studied
may be necessary. Otherwise, the safety of the bacteria will have
to be substantiated. The EMA did not rule out that this could be
done based on existing literature.

GLP Compliance
Most non-clinical studies are generally conducted in agreement
with the Good Laboratory Practice (GLP) certification. As a
result, this usually leads developers to subcontract their studies
to GLP-certified Contract Research Organizations (CROs).
However, handling strictly anaerobic bacteria, like C. minuta,
requires specific study conditions, which is an important
limitation for many specialized CROs that are unable to perform
anaerobic GLPmicrobiology in their facilities. With this in mind,
regulatory authorities were receptive to these difficulties and
accepted that non-clinical programs may be performed in non-
GLP facilities that can demonstrate an adequate level of quality.
Yet, the EMA highlighted that potential aspects of the non-
clinical studies that would deviate from standard GLP conditions
should be discussed.

CONSIDERATIONS REQUIRED FOR LBP
CLINICAL DOCUMENTATION

Besides the usual clinical challenges posed by every targeted
indication and associated pathophysiological mechanisms, LBP
development has its own specific set of challenges to enter
FIH clinical trial. Indeed, as mentioned above, because of poor

translation from animal models to humans, non-clinical studies
for LBPs provide limited information in comparison to the level
of predictability obtained from non-clinical programs designed
for other types of drugs. Consequently, LBP developers need to
take into account this high level of uncertainty when designing
their FIH clinical trials.

For Xla1 FIH (38) (NCT04663139), Phase 1 clinical trial
was designed in order to test a daily oral single dose, and
to evaluate safety, tolerability and impact on gut microbiota
following introduction of Xla1 in two subsequent parts:

• Part 1: An open phase in normal weight healthy volunteers
(HV) receiving Xla1,

• Part 2: A randomized, parallel, double-blind, placebo-
controlled phase in overweight or obese adult patients
(Stage 1) receiving either Xla1 or placebo.

Study Design and Safety Plan
Like every DP, the development of an LBP presents challenges
regarding the design of clinical trials that need to conform to
current guidelines or scientific recommendations adapted to the
assessment of safety and efficacy in the target population (39,
40). However, LBPs bear also specific challenges related to the
living nature of the AS. Inclusion and exclusion criteria should
always be defined based on specific risks identified for the target
population. Special attention should be given to risks commonly
accepted for LBPs (i.e., transferability of antibiotic resistance to
other commensal microbes and translocation into the systemic
circulation) in addition to the specific risks identified during the
early development steps.

Both the FDA and the EMA were concerned about the risk
of causing a systemic infection through administration of live
bacteria. Therefore, a detailed management procedure had to
be provided (Figure 1), including a description of antibiotic
therapies that have proven efficacy against the DS, both through
intravenous and oral administration.

Refinement of Dosing Regimen
The purpose of the FIH clinical study is to assess the product’s
tolerability. In general, for products where toxicity is directly
related to the dose, the dose range covered in Phase 1 should be
larger than the dose range applied in later trials. However, for
Xla1 a dose-effect relationship was not observed in non-clinical
studies (cf. Dosing rationale & Pharmacokinetic assessment), the
risks identified were consequently not considered as related to the
dose and a dose-escalation scheme in Xla1 Phase 1 study design
was not considered as relevant.

The choice of testing solely a single dose was not challenged
by the FDA, but the EMA did raise some questions. The EMA
considered that the risk of infections may be higher when using
a high dose of microorganisms, and therefore would recommend
evaluating a lower dose to minimize the risk of translocation. The
EMA recommended that the trial should ideally include a wide
range of doses, starting with the minimal dose without any effect
and ending with the highest possible dose, considering safety,
efficacy and practical considerations (i.e., number of capsules
or volume to be ingested). It seems that EMA would consider
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FIGURE 1 | YSOPIA risk management plan to manage potential clinical infection applied during phase 1 trial.

insufficient to only assess the dosing schedule (e.g., single-dose,
repeated administration, or multiple dose single administration).
The FDA indicated the need for multiple dose assessment during
later phases of the drug development program.

The EMA also pointed out the fact that sponsors must
consider that if some of the participants of the clinical trial
are healthy, they might already be carriers of the commensal
bacteria and then could react differently to the administration
in comparison to diseased patients who are assumed to be
low carriers. Indeed, this is particularly relevant to our LBP
that is based on a low abundant strain of C. minuta. Thus,
healthy volunteers might be exposed to an unusual high dose of
C. minuta after the administration of Xla1 and such overdosage
may potentially lead to unexpected adverse events. In order
to evaluate and address such risk, thoroughly monitoring of
the microbiome of all participants in order to collect enough
longitudinal data was proposed. Analysis of these data will
enable to accurately evaluate modifications of the microbiome
composition over the course of the study. In addition, 4-week

wash-out period to monitor and assess the engraftment of the
strain was included. No follow-up long-term assessment was
proposed. Neither the EMA nor the FDA did require a long-term
evaluation of the study and both accepted this proposal.

DISCUSSION

Submitting the same briefing package through the EMA and
the FDA regulatory process has given us some insights into the
mindset and perspective of both regulatory agencies. Although
the EMA had knowledge of the feedback received from the
FDA, their response to the approach in addressing regulatory
challenges for LBPs was different. It is important to point out
that while the responses provided by the FDA are decisive and
binding for entry into the Phase 1 clinical trial, this is not
within the remit of the EMA at this stage. Indeed, while the
pre-IND procedure allows the FDA to authorize clinical trials
for drug products, scientific advices from the EMA are offered
with the objective of de-risking development and exchanging
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on key issues before clinical trial authorizations are submitted
nationally. Such procedural difference may explain the differing
responses from the two agencies, which were, nevertheless,
aligned on many aspects and rather complementary on others. A
clear distinction in the philosophy of the two agencies regarding
LBPs may however be pointed out.

The FDA provided with straight answers on the early
development of the biotherapy, while the feedback received from
consultation at the EMA covered the long-term vision of the
drug development. In both situations, the authorities were highly
concerned about patient safety, but both were supportive and
open to the proposal of an innovative non-clinical package that
they considered appropriate to the specific nature of LBPs. To
this regard, the two authorities were true to their longstanding
goal of supporting innovative medical care even if they have to
juggle between benefits and risks that unconventional medicinal
products may represent without one being at the expense of
the other.

CONCLUSION

In August 2020, IND authorization was granted to Xla1 allowing
Phase 1 clinical trial to begin. The strategy developed to address
the regulatory challenges of a single-strain LBP may therefore be
considered as successful, or at least, as relevant for the FDA.

This experience demonstrates that when guidelines do not
exist for a specific type of product, interactions with competent

authorities through scientific advice or pre-IND meetings
are key to resolve uncertainties and de-risk developments
of innovative products. Furthermore, this approach enables
regulators to better understand innovative biotherapies and
their associated challenges, allowing them to better define
areas where specific guidances are needed. For all these
reasons, it is important to engage with competent regulatory
authorities at an early stage in order to drive a comprehensive
and successful development when dealing with an
innovative therapy.
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Pre-exposure prophylaxis (PrEP) is a significant public health intervention with proven

efficacy and safety in the prevention of human immunodeficiency virus (HIV) infection,

which has taken a considerable amount of time to reach Europe in relation to their

transatlantic counterparts, namely, the United States of America (USA). There, it is

perceived as being an essential prevention tool to be integrated within existing medical,

behavioral and structural interventions in place for the management and containment

of HIV infection in men who have sex with men (MSM). In a region such as Europe,

with approximately double the USA population, it is estimated that not even 10% have

proper access to PrEP, and given the lack of coordination with healthcare, taking PrEP

has to be at their own expense. Here, we identify the reasons behind the 4-year lag in

the approval of PrEP in the European Union/European Economic Area (and Europe in

general) and explore the efficacy and effectiveness of PrEP needed to be confirmed with

some implementation or demonstration studies conducted in the region. Independent of

the data gathered, access of MSM to PrEP is far from ideal in Europe andmuch still needs

to be done. The demonstration of the cost-effectiveness of PrEP alongside other social

and behavioral factors needs to be addressed, while the clear populations within MSM

that will benefit from this intervention are properly identified and make use of the latest

recommendations of the World Health Organization that consider not only daily PrEP but

also event-driven PrEP. Themomentum for the proper implementation of PrEP in the EU is

not lost, and with the existence of generics and even new formulations, there is a renewed

opportunity for unleashing the public health benefits arising from this pharmacological

tool with other interventions in place (e.g., condoms, testing, and counseling).

Keywords: acquired immunodeficiency syndrome, aids, HIV infection, implementation, pre-exposure prophylaxis,

men who have sex with men, Europe, PrEP
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INTRODUCTION

The 5th of June 2021 marked the sad 40th anniversary of
the medical description of the first cases of acquired immune-
deficiency syndrome (AIDS), back in 1981 in Los Angeles in
the United States of America (USA). Today, many people living
in the developed parts of the world believe that the human
immunodeficiency virus (HIV) is a danger from the past, a
problem that is now resolved (1), though ∼2 million people
were infected with HIV in 2014 (2) and at the end of 2019,
it was estimated that 38 million people were living with HIV
(3). In the wise words of Fauci and Lane, “the dramatic saga
of AIDS features an early sense of helplessness and frustration
in the face of a mysterious new disease, courage by the afflicted,
and the gradual accrual of groundbreaking scientific advances that
have brought hope to a formerly desperate situation” (4). It is
undeniable that the last 30 years were associated with progress,
given the advancements in science and public health, even if an
effective vaccine or cure has not yet been found (1).

Strong global political and financial support enabled global
efforts to fight HIV infection (5). The international community
is making efforts to commit to the Sustainable Development Goal
(SDG) of ending the HIV/AIDS epidemic by 2030, leaving no one
behind (6).

To achieve this goal, the joint United Nations Program
on HIV/AIDS (UNAIDS) recommended that 3 million people
had access to pre-exposure prophylaxis (PrEP) by 2020 (7).
In fact, in the last 3 decades the clinical management of HIV
became very similar to the management of other chronic diseases
such as diabetes and hypertension. Most interestingly, effective
treatment of HIV patients has proven to eliminate the risk of
HIV transmission to sexual partners, while some highly effective
new prevention methods have emerged such as needle-exchange
programs and PrEP (1). These achievements are proof that
investing in the right programs for the right target populations
can change the course of the HIV pandemic (5). This does not
mean that current HIV prevention tools are simple to implement.
In fact, it is agreed that HIV prevention requires a multifactorial
approach encompassing behavioral, structural, and biomedical
strategies (5).

Of note, there are global and regional targets established for
ending AIDS. In summary, the targets of the SDGs by 2030 aim
for zero new infections (90% reduction), zero AIDS deaths (90%
reduction) and zero discrimination (8); the Fast-Track targets by
2020 included the reduction of new HIV infections and AIDS-
related deaths both to fewer than 500,000 by 2020 at a global scale,
and to eliminate HIV stigma and discrimination (8). Importantly,
the specific targets set for Europe by 2020 included the incidence
reduction of 75% in infections (2010 baseline) and the use of
PrEP (without any specific target being mentioned), along with
the alignment with the 90–90–90 target (8). Also, for Europe
by 2020, no mortality targets were clearly defined, and although
elimination of stigma remained a firm objective, this is currently
not measured in the EU/EEA space (8).

PrEP is a prevention tool that consists in using antiretrovirals
before, during, and after periods of possible sexual exposure
to HIV (9), and this use of antiretroviral medications by

HIV-uninfected individuals is expected to block HIV acquisition
(2). PrEP may be delivered orally or topically, and efforts have
recently been made to develop forms of enhanced topical or
systemic delivery, namely slow-releasing and long-acting forms,
such as vaginal rings or subcutaneous depot (10). This could be
of interest in some target groups where optimization of delivery
approaches is still needed (2). With this goal, in 2012, the World
Health Organization (WHO) advocated the use of tenofovir
disoproxil fumarate (TDF) among serodiscordant couples and
men who have sex with men (MSM) (2, 11). Two years later, these
same suggestions were incorporated into updated HIV clinical
management guidelines, “including a strong recommendation for
offering PrEP as a prevention option for MSM” (2, 12).

Fonner et al. reviewed the effect of oral PrEP containing
TDF in 15 randomized clinical trials and three observational
studies concluding this is an effective tool to reduce the risk of
HIV acquisition across different sexual exposures, different sexes,
different PrEP regimens, and even different dosing schemes (2).
Besides the use of TDF for PrEP, the combination of TDF and
emtricitabine (FTC) was also adopted as an acceptable regimen
with comparable effectiveness (2). According to these authors,
“the use of TDF PrEP in the heterosexual populations may be
attractive because of its comparable effectiveness, lower cost, greater
availability, and lower risk of drug resistance” (2), and although
only one safety study was conducted with TDF PrEP among
MSM, safety information was already available from other trials
in MSM conducted using FTC/TDF PrEP.

PrEP uptake and adherence among those at higher risk
for HIV infection are key determinants of the impact of this
strategy. The review performed by Fonner et al. (2), and the
review on PrEP acceptability by Koechlin et al. (13), along with
cost/feasibly considerations, led the WHO to expand the 2014
recommendation in order to include the support for PrEP to all
populations at substantial HIV risk (14).

Despite the recognized role of PrEP as a highly effective
prevention tool, the uptake is very different across the world.
Here we will focus on the reality of Europe and how PrEP is being
used by MSM in this region, compared to other regions of the
world, namely in the USA where the uptake of PrEP appears to
be more cultured. For completeness, it must be understood that
Europe includes the European Union (EU)/European Economic
Area (EEA), and the United Kingdom (UK, which until very
recently was included in the EU/EEA and is, therefore, a relevant
part of the PrEP odyssey in Europe). Of note, literature appears
to be scarce regarding completed or ongoing studies in Europe
concerning PrEP for MSM, and the same is true for published
data regarding access and implementation of PrEP by MSM
in Europe.

MEN WHO HAVE SEX WITH MEN AS A KEY
POPULATION IN THE EUROPEAN UNION
HIV EPIDEMIC

In 2019, there was a reduction of 5.2% in new HIV diagnosis in
relation to the previous year (15, 16). As in the previous year, in
2019, sex between men remained the most commonly reported
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FIGURE 1 | HIV diagnoses, by year of diagnosis and transmission mode, adjusted for reporting delay and missing transmission imputed, EU/EEA, 2010–2019.

Retrieved from the ECDC/WHO HIV surveillance report for 2020 (16). Data from 24 EU/EEA countries included. HIV diagnoses reported by Iceland, Ireland, Malta, and

Poland excluded due to incomplete reporting on transmission mode during some years of the period; diagnoses reported by Belgium, Italy, and Spain excluded due

to incomplete reporting during a portion of the period.

route of HIV transmission (50.6%) among those for whom route
of transmission was known and accounted for over 38.7% of new
HIV diagnoses in the region and for more than 60% of new HIV
diagnosis in 10 countries of the region: Croatia, Czech Republic,
Germany, Hungary, Iceland, the Netherlands, Poland, Slovakia,
Slovenia, and Spain (16).

Although a decline in the number of cases attributed to
MSM is identifiable (Figure 1), until 2015, despite relatively high
HIV treatment coverage and some well-established prevention
programs with multiple interventions existing in most EU/EEA
countries, the number of new HIV diagnoses had not decreased
in this key population (17). The reasons for the high number of
infections in these groups remain probably the same as before,
being multifactorial and include elevated numbers of sexual
partners among MSM, increased consumption of alcohol and
recreational drugs during sex with one or more individuals,
along with a reduction in consistent use of condoms for
prevention (17).

In Europe, there is a need for reinforcement of available
prevention tools that currently include: (i) health promotion,
with information and education; (ii) consistent use of condoms;
(iii) promotion of change in sexual behavior; (iv) regular testing
for HIV infection; (v) antiretroviral therapy for the HIV-infected
partner; and (vi) post-exposure prophylaxis with antiretrovirals
with immediate start after at-risk sexual intercourse (18). It
therefore seems irrefutable that the widespread implementation
of a prevention tool such as PrEP could be of value for
European MSM, “as no HIV vaccine is yet available and male
circumcision has not been shown to prevent HIV transmission
via the anal route” (18). There is still enough space for PrEP to
be appropriately introduced and/or further developed into the
national European HIV prevention and risk reduction strategies.

EFFICACY AND EFFECTIVENESS OF PrEP
FOR MSM IN THE EUROPEAN UNION

In the EU, introduction of PrEP was awaited with expectation. In
some countries, like UK or the Netherlands, the annual numbers
of HIV infections were still high at the time and not suggesting a
significant decline amongMSM (9). The main interventions used
to preventHIV-1 transmission in the EU included voluntary early
testing programs, risk counseling, and the promotion of condom
use (19). However, in view of the increasing number of new HIV
infections worldwide, the range of prevention with screening,
counseling, and condom needed further intensification (19). The
first marketing authorization in the EU for PrEP came late in
2016, ∼4 years later than in the USA, and considered by some
“a far greater gap than occurred in the rollout of antiretroviral
therapy” (17).

In the EU, any product related to prevention or treatment
of HIV infection must follow the centralized procedure
for marketing authorization. This means that any company
developing a medicine intended to treat or prevent HIV infection
needs to apply to European Medicines Agency (EMA) and
go through this procedure. If this procedure is successful, the
European Commission will grant a marketing authorization
valid in all 27 Member States. Pricing and reimbursement are
afterwards defined by each Member State. In July 2016, EMA
recommended to the European Commission granting marketing
authorization in the EU for emtricitabine/tenofovir disoproxil
to be used for PrEP “in combination with safer sex practices to
reduce the risk of sexually acquired HIV-1 infection in adults at
high risk” (19).

Following the USA Food and Drug Administration (FDA)
approval in 2012 of daily oral TDF/FTC for PrEP to prevent
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TABLE 1 | Efficacy and adherence rates across PrEP trials (Partners PrEP, TDF2 Study, Bangkok TDF, iPrEx, FEM-PrEP and VOICE).

Randomized trials (Authors) Populations n Efficacy outcome

(medicinal product)

Lower limit of CI Adherence*

Partners PrEP (20) HC (Kenya, Uganda) 4,758 67% TDF; 75% TDF/FTC 44% TDF; 55%

TDF/FTC

82%

TDF2 study (21) YM&W (Botswana) 1,219 62% TDF/FTC 21.5% 80%

Bangkok TDF (22) IVDU (Thailand) 2,413 49% TDF 9.6% 67%

iPrEx (23) MSM (S. America, S. Africa, Thailand,

USA)

2,499 44% TDF/FTC 15% 51%

FEM-PrEP (24) YW (Kenya, South Africa, Tanzania) 2,120. 6% TDF/FTC −52% 37%

VOICE study (25) YW (South Africa, Uganda,

Zimbabwe)

5,029 −49% TDF; −4% TDF/FTC −130% TDF;

−50% TDF/FTC

30%

Based on data compiled by Molina et al. (18).

FTC, emtricitabine; TDF, tenofovir disoproxil fumarate; IVDU, intravenous drug users; MSM, men who have sex with men; HC, heterosexual couple; YM, young men; YW, young women;

PrEP, pre-exposure prophylaxis; CI, confidence interval (95).
*Adherence was assessed by the proportion of participants with drugs detectable in plasma and who remained free of infection in the active PrEP arms.

HIV infection in high-risk individuals in the USA, there was a
sustained debate about implementing such prophylactic regimen
in other geographic regions, including in Europe (18). Some
questions frequently asked are why there was such debate at
the time and why the need to show the relevance of existing
data to the European population for approval of the first
PrEP regimen in the EU. At the time, available studies were
in fact mainly conducted in the African population, and the
fact that such relevance was not produced did not deter the
Committee of Human Medicinal Products (CHMP) of the EMA,
since the committee was convinced of a positive benefit/risk as
mentioned below.

As briefly mentioned before, the clinical trials performed until
2012 were randomized controlled trials of TDF/FTC or TDF
alone. The five large phase III efficacy trials of oral PrEP with
TDF or TDF/FTC conducted until 2012 and one other in 2015
(Table 1) in high-risk individuals led however to some differing
results (18).

All trials mentioned had a similar design and aimed to
evaluate the benefit of daily oral PrEP on the incidence of HIV
(18). The efficacy outcomes (Table 1) range from 75% reduction
in the incidence of HIV infection among serodiscordant couples
(in the case of the Partners PrEP study) to a non-statistically
significant 49% increase in the HIV infection incidence in
the Vaginal and Oral Interventions to Control the Epidemic
(VOICE) study in high-risk young women (18).

From the trials described in Table 1, only the
“Chemoprophylaxis for HIV Prevention in Men who have Sex
with Men (iPrEX)” study was conducted in MSM. In this trial,
with individuals enrolled from low- and middle-income South
American countries, the efficacy outcome was approximately
44% with a lower bound of the 95% confidence interval at only
15% (23). These values appear to be below the 30% efficacy target
pre-defined in advance (23). This 30% value is not determined
randomly. These 30% represent the lowest level for a public
health benefit for a certain preventive intervention for most
regulatory authorities (18, 26), but these interpretations date
from 2009 and these days one may consider that there are other

factors taken into consideration for a final regulatory decision.
These values under 30% were not seen in other randomized
clinical trials that, for example, established a 60% reduction of
HIV infection incidence because of male circumcision, which led
to implementing this intervention in many countries with high
endemic HIV rates (18).

There has been some controversy regarding the reasons
that could justify the differences in efficacy outcomes observed
between PrEP trials (as reported in Table 1), with different
explanations from different authors being proposed. These
factors range from:

i) adherence to a daily regimen (18);
ii) unreliability of measuring of adherence by self-report or

pill count compared to measure adherence via blood drug
measurements (18);

iii) differences in gender, age, route of HIV acquisition, and
rate of concomitant sexually transmitted infections among
participants (18).

Many believe that these first results regarding PrEP efficacy
were not very convincing, and therefore, the European
Medicines Agency deferred a positive opinion on the marketing
authorization for oral PrEP until further evidence was gathered,
including the expected results from two European trials among
MSM and transgender women: the PROUD study (conducted
in England/UK) and the IPERGAY study (conducted in France
and Canada) (27, 28). Although the results were already available,
EMA ended up basing the approval of FTC/TDF in the EU
mainly in the results of the iPrEX study (held in 6 countries
around the world and none in the EU) and in the results of the
Partners PrEP trial (recruiting from Kenya and Uganda) (20, 23).

The PROUD (Pre-exposure Prophylaxis to Prevent the
Acquisition of HIV-1 Infection) study was an open-label efficacy
trial that randomized 544 MSM accessing services at 13 British
public sexual health clinics to receive PrEP at study enrollment
(n = 275) or to a “wait list” control group (n = 269) where
individuals received other HIV prevention services that included
counseling, condoms, post-exposure prophylaxis, and sexually
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TABLE 2 | Randomized efficacy trials of oral TDF or TDF/FTC combination therapy for pre-exposure prophylaxis–IPERGAY and PROUD.

Randomized trials (Authors) Populations (Countries) n Efficacy outcome (study

medicine)

Lower limit of CI Adherence*

IPERGAY study (27) MSM (France and Canada) 400 86% TDF/FTC 39% 86%

PROUD study (28) MSM (England–UK) 545 86% TDF/FTC 58% 100%

Based on data compiled by Riddell et al. (30); originally captured from Mayer and Ramjee (31).

FTC, emtricitabine; TDF, tenofovir disoproxil fumarate; MSM, men who have sex with men; PrEP, pre-exposure prophylaxis; CI, confidence interval (95).

*Adherence was assessed by the proportion of participants with drugs detectable in blood samples and who remained free of infection in the active PrEP arms.

transmitted infection (STI) “diagnosis and treatment but did
not receive PrEP until after efficacy was demonstrated in the
immediate treatment group” (29, 30). As summarized on Table 2,
an intent-to-treat (ITT) analysis (the relative reduction in HIV
incidence among those assigned to receive active medication
compared with placebo) could show that individuals assigned
to the immediate PrEP group had an 86% reduction in HIV
infections, compared to individuals in the “wait list” control
group (29). As mentioned by Riddell et al. this represents “3 HIV
infections in the immediate PrEP group vs. 20 in the control group”
(30). The study could also show high adherence to daily use of
PrEP and no significant occurrence of risk compensation (e.g.,
an increase in sexual risk behavior) among the MSM who took
part (9).

The IPERGAY (Intervention Préventive de l’Exposition aux
Risques avec et pour les Gays) study was conducted in France
and Canada in MSM, randomizing individuals to Molina et al.
(27), Riddell et al. (30):

a) receive pericoital TDF/FTC (two pills in between 2 and 24 h
prior to anal intercourse and one pill daily for 2 consecutive
days after sexual intercourse, not exceeding over seven pills
in a week), or;

b) matched placebo for PrEP.

In comparison to the PROUD study (where PrEP was offered
as continuous treatment to participants in the treatment group),
there is a clear difference in the regimen offered in the IPERGAY
study, where PrEP was used by participants “on-demand” or as
needed (a regimen further discussed ahead and designated as
event-driven PrEP or, in short, ED-PrEP), before risk exposure
would happen and for another 2 days following the event (27, 30).

In this study, the ITT analysis (Table 2) revealed a reduction
of 86% in HIV infections. As a result, “when participants in
the placebo group were offered open-label TDF/FTC, the efficacy
increased to 97%” (30). This study was the first to inform on
the relevance of PrEP around sexual contact and showed the
relevance of the regimen that includes the start of FTC/TDF in
between 2 and 24 h prior to sex and continues for 2 days after
last sexual intercourse every 24 h since the last pill (9), compared
to placebo.

Even with several questions being raised on the
generalizability of the results stemming from the IPERGAY
study (e.g., participants in this study had on average at least one
episode of unprotected sex per week and were highly adherent
to the proposed regimen) (30), the French Government allowed

early availability at a national level of this ED-PrEP regimen, as
an alternative to the established daily use, using an existing legal
alternative to marketing authorization. As mentioned above, this
regimen showed a similar protection of 86% (9, 27).

Both PROUD and IPERGAY studies were developed based
on a “process of consultation with the community starting with
informedHIV treatment and prevention advocates who recruited
other HIV and lesbian, gay, bisexual, and transgender sector
advocates” (17). The influence of the community organizations
in all this process is of special importance. In fact, community
organizations had responsibility in providing support and
counseling in the IPERGAY study, with both IPERGAY study
and PROUD study having representatives of the community
on the steering committees and community engaging strategies
(17). These interested communities started with “patient and
non-patient advocates of HIV treatment and prevention who
recruited other HIV and lesbian, gay, bisexual, and transgender
sector advocates” (17).

General awareness and interest in PrEP remained residual
in the MSM community in Europe until 2014, but when asked
about PrEP, several MSM expressed some interest in it (17). Back
in 2012 the EMA had already made public a reflection on the
non-clinical and clinical development of oral and topical HIV
PrEP (32) enumerating the challenges and unsettled research
questions, in agreement to what was already highlighted by the
British HIV Association and the British Association for Sexual
Health (33) and later discussed by Molina et al. in 2013 (17, 18).

Notwithstanding the considerations above, both EU
based trials—the PROUD study and the IPERGAY study—
confirmed the high protective effect of FTC/TDF used for PrEP
(approximately 86% in both trials, as mentioned above) (9), and
this is of special importance given the EU centric basis of both
studies. With the demonstration of the efficacy of daily PrEP and
event-driven PrEP to prevent HIV infection among MSM, in
order to have a real impact in Europe, PrEP had to be taken and
used appropriately by those at high risk for HIV infection and
who will benefit the most (9).

Although initially the European Center for Disease Prevention
and Control (ECDC) was more skeptical regarding PrEP (17),
following the publication of the results of the PROUD study
and IPERGAY studies in 2015, the ECDC finally stated that
EU countries should consider the integration of PrEP into their
existing HIV prevention programs for those at high risk for HIV
infection, and this recommendation was also followed by the
WHO (6).
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This would only be possible if the EMA approved TDF/FTC
as a fixed dose PrEP regimen to be used in all EU Member
States. Gilead Sciences (the marketing authorization holder
of Truvada R©–the commercial name of TDF/FTC fixed dose
combination—in USA and EU) needed to start the dialogue with
the EU regulator to submit an extension of the existing treatment
therapeutic indication to include the use of Truvada R© as PrEP,
similarly like the dialogue started by Gilead Science with the
French Authorities following the publication of results of the
IPERGAY study. Only after a positive opinion of the CHMP of
the EMA, the European Commission would consider granting a
marketing authorization valid in all Member States of the EU.
Only after this important regulatory step, reimbursement and
access may be considered in these different countries.

Considering the main studies supporting the marketing
authorization of this extension of indication in the EU, “the iPrEx
study showed that FTC/TDF reduced the risk of HIV infection by
42% in HIV-negative men or transgender women who have sex
with men and who were considered at high risk of HIV infection”
(19). The study compared FTC/TDF with placebo in 2,499
subjects who showed high-risk behavior such as inconsistent or
no condom use during sexual intercourse (19). In the Partners
PrEP trial study, conducted in 4,758 heterosexual serodiscordant
couples, the same combination (vs. placebo) reduced the risk of
becoming infected by 75% in the heterosexual partners of HIV-
positive men and women (19). Both studies “reinforced that the
better the adherence to daily treatment with FTC/TDF the better
the protection against HIV-1 infection” (19). At the time EMA
made this assessment, data were reported from the pilot phase
of PROUD in MSM and was also taken into consideration as
supportive data.

Still, although finally adopting a positive opinion and
recommendation to the European Commission to grant this
extension of therapeutic indication of TDF/FTC to include
prophylaxis, when discussing the uncertainty in the knowledge
about the beneficial effects, the CHMP clearly stated that: “There
are two issues that are expected to impact on the benefit of once
daily Truvada in routine use over longer periods than have been
studied within formal clinical trial settings. The first is the potential
for dwindling adherence to daily dosing, which has already been
shown very clearly to impact on efficacy. The second is that
taking an oral PrEP will prompt at least some individuals to
engage in more risky behaviors, which could result in a higher
rate of seroconversion despite PrEP compared to the trial settings,
especially if also accompanied by dwindling adherence. The most
relevant investigation of these risks within a clinical trial setting
was in the open label PROUD study. However, in this study that
was specifically intended to mimic routine use, a proportion of
subjects in the delayed group gained access to PrEP, anyway.
Therefore, it is difficult to interpret the overall findings but, despite
some access to PrEP in the delayed group, a larger proportion
allocated to PrEP reported unprotected receptive anal intercourse
(21 vs. 12%; p = 0.03, test for trend). Several studies found that
those engaging in unprotected receptive anal intercourse were more
likely to be adherent and derived high levels of protection despite
this behavior” (34).

Despite these uncertainties, the EU regulator agreed that the
degree of protection granted by TDF/FTC “has been repeatedly

shown to be related to the level of adherence, supported by finding
drug in plasma and/or intracellularly, although the minimum
concentrations that are needed to provide protection have not been
identified” (34). Amarketing authorization for PrEP was formally
approved in EU countries in the Summer of 2016.

THE FIRST POST-APPROVAL STEPS AND
THE NEED TO CLARIFY THE PUBLIC
HEALTH BENEFITS OF PrEP IN EUROPE

The success of media coverage and targeted campaigns in the
USA and Australia regarding the use of PrEP (35, 36) in order
to raise awareness among MSM did not entirely hit Europe at
the same level in the beginning. It was only in 2015, just before
the EMA approved the use of TDF/FTC, that a visible wave of
support for PrEP hit Europe, including several Pan-European
campaigns and social media groups (such as the Nous Sommes
PrEP group in France) (17).

Cairns et al. (17) further report that the benefit of using PrEP
was considered “to be modest, the costs to largely centrally funded
health systems were substantial, and the model for delivery that
would ensure adequate access was not clear” (17). Transatlantic
data originating from the USA contributed to this European
skepticism. Although some studies showed that if ∼20% of all
MSMwere to use PrEP in the USA, over 62,000 new cases of HIV
infection could be prevented, resulting in a 10% decline of HIV
infections at 20 years compared with no PrEP use (18, 37), the
incremental cost of the healthcare budget would be significant,
making PrEP very difficult to be considered a cost-effective
strategy (18). Notwithstanding, by restricting the use of PrEP to
individuals at high risk (defined in this case as MSM with over
five sexual partners per year), approximately 41,000 cases of HIV
infection would be prevented, with a comparable reduction of
HIV prevalence by 10% at 20 years (18).

This further supported the need for effectiveness data
generated in the EU to clarify the benefits of PrEP as a public
health tool and to optimize both access and models of delivery.
In a “Letter to the editor” of the International Journal of STD &
AIDS, dated and published in 2015, Kenyon and Osbak proposed
to find out how many MSM in Europe could benefit from PrEP
and called it “the 9 billion Euros question” (38). If the 2014 USA
Centers for Disease Control and Prevention (CDC) and WHO
guidelines were followed, PrEP should be prescribed to adult
MSM “who are HIV-negative, have had a male sexual partner in
the past 6 months, are not in a mutually monogamous relationship
with a recently tested HIV-negative man and at least one of
the following:

a) any anal condomless intercourse (receptive or insertive) in the
past 6 months;

b) any STIs diagnosed or reported in the past 6 months;
c) is in an ongoing sexual relationship with an HIV-positive male

partner” (38).

According to the conditions of this study, approximately 1.4
million MSM in the EU would qualify for PrEP, from the
estimated population of 5 million MSM aged 18–64 years old
(38). The price of a year’s supply of commercially available
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standard PrEP in the EU is estimated to be ∼6,500 Euros or
8,100 US$ (38). The same authors conclude that “at this price,
daily doses would cost 9.1 billion Euros per year for the 1.4
million men in the EU, excluding the other costs associated with
PrEP implementation, which would require substantial health
service infrastructure and staffing, and community education for
MSM” (38).

When analyzing available scarce data at the time, Cairns and
colleagues suggest that, in the UK, when trying to make PrEP
cost-effective for a larger group of individuals at risk, price
cuts of 50–80% in PrEP would need to be enforced (17). For
PrEP to be cost-effective in Europe, high-risk groups needed
to be targeted. This could very well be considered a major
deterrent of the widespread use of PrEP in Europe and, most
probably, elsewhere.

Between 2015 and 2017 the practical applicability of PrEP as a
complement to the current HIV prevention strategy in Belgium
was studied, and no new infections were detected in the group
of 200 gay men taking FTC/TDF as prevention. Since mid-2017,
this treatment has been approved for reimbursement in Belgium
following the marketing authorization granted by the European
Commission (39).

In 2019, Hoornenborg et al. reported the results of the
AMPrEP study, concluding that “although the overall incidence
of STIs did not change during 2 years of PrEP use, the incidence
of STIs was higher among participants using daily PrEP than those
using event-driven PrEP, which is likely a result of differences in
sexual behavior” (40). Another study showed that ED-PrEP could
be a satisfactory alternative to daily PrEP for MSM who are at
high risk, including periods of less frequent sexual intercourse
(41), allowing individuals to adapt the uptake of PrEP according
to any changes occurring in their sexual lives (41). The results
were instrumental in the WHO decision to update the guidelines
(as detailed further ahead) (42). It is clear that there is a need to
tailor prevention interventions according to behavioral profiles,
and a need to consider this dimension in the overall impact of
access to PrEP in any country. At the same time, there is growing
interest in developing better versions of available combinations,
and an example is the introduction of tenofovir alafenamide
(TAF) to substitute TDF, since the combination with TAF is non-
inferior to the TDF/FTC therapeutic or prophylactic regimen
leading to a more favorable bone density and renal biomarker
profile (43).

Worth mentioning is also the role of post-exposure
prophylaxis (PEP) not to be confused with PrEP. In the
case of PEP, antiretrovirals are administered after exposure to
prevent acquiring HIV and this is based on the fact that HIV
may take up to 72 h to be detected in lymph nodes and up to 5
days to be detected in blood post-exposure (9). If antiretroviral
drugs are administered within this “window of opportunity,”
virus replication might be stopped, hence preventing the
development of an infection (9). The current recommendation
for PEP remains to take the fixed dose combination of three
antiretrovirals (same as in treatment) starting within those 72 h
post-exposure and prolonging for 28 days (9).

IMPLEMENTATION AND ACCESS TO PrEP
AS PART OF A COMBINATION
PREVENTION STRATEGY FOR MSM IN
EUROPE

Sex between MSM remains the predominant mode of HIV
infection transmission reported in Europe, accounting for half of
all new HIV infection diagnoses where the transmission route is
known (6, 15). While this is acknowledged, ∼500,000 MSM in
the EU (who would be very likely to use PrEP) cannot access it.
But this is not much different from what happened in the USA.
Although PrEP was firstly authorized in the USA in 2012, only
about 10% of those individuals that might be expected to benefit
from this intervention have started medication de facto (44).
With MSM, there is evidence supporting an association between
the willingness of MSM to use PrEP and an increased risk for
sexually transmitted HIV (6, 45).

There is no implementation without first raising awareness.
So, despite the approval of the marketing authorization for
PrEP with TDF/FTC in the EU by the European Commission
after a positive opinion of the EMA, individual Member States
still had to decide whether to formally adopt PrEP as a public
health tool and under which type of reimbursement scheme
(e.g., formal reimbursement via governmental health budget or
informal reimbursement, such as special projects or schemes).
During this period, it was of vital importance to understand the
level of awareness, knowledge, and predisposition to PrEP use
within populations of interest in these countries.

So far, even in 2021, the differences between countries
regarding raising awareness on PrEP are still very clear, with
the UK, Netherlands, Belgium, and France leading the group
with visible and notorious campaigns, with less polarized public
positions, dialogues, and campaigns compared to the USA (17).
This is most probably related not only to the early experience in
these countries, hosting relevant clinical trials such as PROUD
and IPERGAY, but also with other studies started in 2015 such
as the Amsterdam PrEP Study (AMPrEP) (40) and the Be-PrEP-
ared Project (held in Antwerp, Belgium) (39), both studies aiming
for the collection of real-world data on the uptake of PrEP among
MSM at high risk for HIV infection (9).

In Germany, in 2015, from a sample of 20 volunteers (mean
age 35.9 years old, and regarding HIV status, 35% were HIV-
positive and 65% where HIV-negative), all participants were
aware of the existence of PrEP (albeit not having been marketed
yet in Germany) and were also knowledgeable of the existence
of PEP which was already considered in national guidelines (46).
The same study could show a general favorable attitude toward
PrEP and also a high demand for such intervention, with several
individuals describing schemes to gain access to PrEP (e.g., via
another country where it was authorized, active search within the
community or even actively distributing from home, as described
by one participant) (46). Although most findings in this study
may be considered anecdotal, they do clearly point out that MSM
in Berlin were prepared to accept and take PrEP as soon as it
would become available (46).
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In Spain, in 2016, in a sample of 866 volunteer MSM recruited
over the internet or at HIV testing centers, 28.7% were aware of
the existence of PrEP and 57.6% confirmed they would use it if
it was available (47). In the same study, 16.6% of the volunteers
said they would be unwilling to use PrEP and 25.8% were unsure
(47). Other important information was gathered based on this
study, namely, that men who had already heard of PrEP were
more willing to use and had more favorable opinions regarding
PrEP, and that the favorite providers for PrEP were doctors (91%)
and pharmacists (83.3%) (47).

Also, in Spain, using an online survey and taking advantage
of the realization of the World Gay Pride 2017 in Madrid,
Iniesta et al. were determined to test “the awareness, knowledge,
use, and willingness to use and need of PrEP among MSM and
transgender women (TW)” who attended the event (48). This
study could show that among the 472 MSM attending the World
Gay Pride 2017, there was little awareness of PrEP, low accuracy
of PrEP knowledge, but a significant need and willingness to use
PrEP (48).

In 2017, Goedel et al. looked into awareness of PEP among
MSM in London, using a sample of MSM “using a geosocial-
networking smartphone application” (an “app”) (49). These apps,
such as “Grindr” (https://www.grindr.com) currently represent
themost common virtual context platform forMSM tomeet their
sexual partners (49, 50), with a Press Release from the company
reporting seven years ago having over two million daily users in
over 200 different countries and in London the highest number
of users in the world (49). It is acknowledged that “MSM who
use these, or similar apps may often engage in high-risk behaviors
where PEP use may be a suitable prevention strategy” (49). In
this London-based study, most individuals of a sample of 179
MSN reported having heard of PEP (88.3%) and 27.4% reported
having used it (49). The same authors showed that knowledge of
PEP existence was associated with “the disclosure of one’s sexual
orientation to their general practitioner and reporting one’s HIV
status as negative (rather than unknown)” (49). The study showed
that individuals reporting recent use of recreational club drugs
were more associated with having used PEP (49).

It is undeniable that the ability to use TDF/FTC post-exposure
could be a valuable risk-reduction approach (in addition or
in the absence of PrEP) that deserves better attention in the
EU. We have already mentioned the results of a demonstration
study in Amsterdam, the AMPrEP project (51), and also here
authors showed that a significant number of study participants
had a clear preference for daily use of PrEP instead of an event-
driven use. This majority of participants preferring daily use
of PrEP presented with a high number of condomless anal sex
episodes before the initiation of a PrEP regimen, with a high
prevalence of STIs (51). This study identified that at least in this
European population, the determinants of event-driven PrEP or
PEP were (51):

i) older age;
ii) less situations of condomless anal sex episodes;
iii) not taking any other daily medications, and;
iv) being involved in a stable relationship.

The National Fund for Health Research in the UK funded a
study able to provide initial information and tendencies for

TABLE 3 | Situations when event-driven (ED) PrEP could be considered.

For whom is ED-PrEP appropriate For whom is ED-PrEP NOT

appropriate

• A man who has sex with

another man:

- Who would find ED-PrEP more

effective and convenient;

- Who has infrequent sex (e.g., sex

<2 times per week on average);

- Who is able to plan for sex at least

2 h in advance, or who can delay

sex for at least 2 h

• Cisgender woman or transgender

woman;

• Transgender man having

vaginal/frontal sex;

• Man having vaginal or anal sex with

woman;

• People with chronic hepatitis

B infection

Adapted from the update to WHO’s recommendation on oral PrEP in 2019 (42).

PrEP use and initiation among MSM who are HIV-negative,
using available data from a prospective cohort (that recruited
MSM who were HIV negative or of unknown HIV status
from two large sexual health clinics in London and one in
Brighton) while the roll-out of PrEP in England was being
planned (52). In England, in the period between 2013 and 2018,
even with access to PrEP only via the IMPACT trial, both
awareness and use of this preventive tool by MSM increased
noticeably during this time (52). The authors of this study
conclude that an improvement of access to PrEP by routine
appointment by the National Health Service England could
translate into a significant “increase in PrEP use among all
eligible MSM but should include public health strategies to target
socioeconomic and demographic disparities in knowledge and use
of PrEP” (52).

Taking everything into account, we may agree that after the
IPERGAY study results came out, intermittent PrEP use (before
and after sexual intercourse) could be an effective and cheaper
approach compared to daily (uninterrupted) PrEP (27, 38). So,
one aspect that needs to be properly addressed from a public
health perspective is that there may be an optimal price for PrEP
to be negotiated with governments/reimbursement authorities
and insurance companies, depending on particular populations
at different levels of risk (38). The two major determinants
of the cost-effectiveness of this intervention appear to be the
price of the drug used for PrEP and HIV incidence (28).
Even without a clear update or change on the guidance from
WHO and USA CDC, the European AIDS Clinical Society
recommended this ED-PrEP regimen for MSM, reducing of
the amounts of drug required for daily administration and
reducing the costs with the drug in about a half (28, 53).
In 2019, following the results of the demonstration studies
available, WHO recognized the need to consider event-driven
(ED) PrEP as an additional option for MSM and updated the
recommendations (42). The WHO followed other authors and
mostly based their change of recommendation on the results
of the interim analysis of the ANRS PREVENIR Study (41).
Situations when ED-PrEP could be considered a valid alternative
to daily PrEP, according to the WHO, are detailed in Table 3.
Of significant note, although this alternative regimen to daily
PrEP may be considered by WHO and other guidelines, this
posology was not assessed by EMA, and therefore, from a
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FIGURE 2 | Schematic representation of the ED-PrEP 2 + 1 + 1 regimen, adapted from the update to WHO’s recommendation on oral PrEP in 2019 (42).

regulatory perspective, this corresponds to an off-label use of
this medicine.

As previously mentioned for the clinical demonstration trial,
ED-PrEP for MSM starts with the administration of a loading
dose comprising two pills of TDF/FTC between 2 and 24 h before
sexual intercourse, followed by a third pill 24 h after the first two
pills, and by a fourth pill 48 h after (Figure 2), on the 2 + 1 +

1 rule (42). If sexual intercourse continues beyond 1 day, MSM
using ED-PrEP can stay protected by taking another pill each day
as long as sex continues and stopping 2 days after the last sex act
as per the initial 2+ 1+ 1 rule (42).

The WHO is very cautious regarding the use of ED-PrEP in
adolescent MSM below 18 years old, since no clinical trials have
been conducted in this population (42). There remains an ample
consensus around the fact that daily PrEP works better than non-
daily PrEP in adolescent MSM (below 18 years old), as per the
results of the ADAPT/HPTN 067 study (42). There is currently
insufficient evidence supporting ED-PrEP in populations at risk
other than MSM; therefore, it is recommended that women,
transgender women, and men who have vaginal and/or anal sex
with women are prescribed another PrEP regimen (42).

Three years following the marketing authorization for PrEP
in Europe, some scholars, the medical community and the
LGBTQ+ community questioned the implementation of this
strategy at least in the EU area, since all shared the common
concept that the longer the delay in access to PrEP for
this population, the more HIV infections will occur (6).
Until now, information publicly available regarding the access,
implementation, and uptake of the strategy in Europe is
scarce. The only available overview of the current situation
was published in October 2019 (6). Other than this review,

available information was compiled and shared by advocacy
groups (such as PrEP in Europe, www.prepineurope.org) and
patient associations.

Other than the demonstration or implementation studies
conducted in Europe (e.g., England, Netherlands, and France),
Germany prepared a scheme (in 2017) to give access to people
who wish or need PrEP at affordable prices from doctors and
pharmacies who adhered to the scheme (54).

According to “PrEP in Europe” (55), the other way people
in Europe are having access to PrEP is online, buying it from
wherever it is offered in the World Wide Web. Although in
some countries online pharmacies may offer generic versions
of TDF/FTC in the same fixed-dose combination found in
Truvada R© at a cheaper price, this is not the reality in all the EU
(especially because until the marketing recommendation by the
EMA it would not even be legal), and online buying (outside
certified pharmacies) comes sometimes at the higher cost of
people buying counterfeit low quality products that have no
traceable origin and are a Public Health matter of concern.

Advocacy groups in the EU, such as the group “I Want PrEP
Now” and “PrEPster” have publicized PrEP purchase and similar
groups all around Europe have done the same (54). According to
the same source, ∼130,000 people in the USA were taking PrEP
in 2017, out of the 1.2 million likely candidates (54). In Europe,
just under 3,000 people in France were receiving PrEP in 2017
via the healthcare system and up to 150 in Norway (54). Around
10,000 people in Europe were purchasing PrEP for personal use,
so possibly over 10,000–15,000 people in Europe could already
take PrEP in 2017 at their own expense (54).

Hayes et al. published an analysis of the implementation
and access to PrEP in Europe and Central Asia in 2019 (6).
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FIGURE 3 | Status of PrEP implementation in Europe and Central Asia by October 2020 based on data reported by ECDC in the implementation, standards, and

monitoring operational guidance; created using mapchart.net (8).

This work reflects information collected between January and
March 2019. The immediate information stemming out of
this study is that in Europe there is substantial diversity
regarding the implementation of PrEP among EU Member
States (6).

More recently, the ECDC further recognized the discrepancy
in the scale-up of PrEP implementation across the EU/EEA and
UK, and an update (reflecting available information on the 20th
of October 2020) was provided (Figure 3) (8). In 2020, in the
EU/EEA andUK, the evolution in access (nationally available and
reimbursed) is noted for Ireland, England, Wales, and Spain, in
comparison to the data reported for 2019, while ongoing pilot
projects remain in some European countries. But, still, areas
without any formal implementation of PrEP dominate Eastern
Europe and parts of Euroasia, as seen in Figure 3 (note: this
Figure is based on data as reported by ECDC, and the word
“reimbursed” should be interpreted in the broader sense of
formal and informal reimbursement schemes).

With these identified disparities, the aim of the ECDC was
to facilitate the development of guidance that would support
countries in their attempts to implement PrEP in Europe (8). A
guidance document was recently published by ECDC, providing
an overview of keymarkers of preparedness to deliver larger-scale
PrEP programs, engaging different stakeholders and helping to
prioritize PrEP within national health agendas (8).

When considering the barriers previously reported in Europe
regarding PrEP, the most commonly cited barrier was the cost of
the drug (6). In 2021,∼6 years after marketing authorization was
granted in Europe, it is very clear that PrEP is not reaching the

entire population at high risk as it should. According to Hayes
et al. other barriers identified include (6):

i) limited technical capacity to consider PrEP;
ii) the cost associated to service delivery;
iii) feasibility;
iv) concerns raised regarding increased transmission of

other STIs;
v) concerns about a reduction in condom consistent use;
vi) adherence to PrEP;
vii) the development of drug resistances, and;
viii) beliefs that there is no clearly identified group with

sufficiently high incidence in accordance with the WHO
guidelines (6).

In order to mitigate the existing barriers and promote PrEP
implementation across Europe, minimum standards on the
principles of establishing PrEP programs, monitoring, and
surveillance need to be agreed upon “and include guidance on
identifying and estimating the size of the key populations in need
of this intervention, which can then inform program targets” (6).
It is expected that health authorities in these different countries,
especially in countries that are part of the EU, channel their
efforts to the improvement of the accessibility to PrEP not only
for MSM but also for both women and heterosexual men at
high risk for HIV (6). It is however acknowledged, and based
on the experience gained in the USA, that although “protocols to
identify individuals are most likely to benefit from PrEP have been
developed, addressing racial, ethnic, and socioeconomic disparities
continue to pose additional challenges” (44).
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FIGURE 4 | Factors involved in PrEP implementation and access as originally proposed by Mayer et al. (44), with adaptations.

The issues around the price and cost of PrEP could be resolved
if special encouragement is given to manufacturers to produce
and invest in these drugs, given the loss of market protection that
occurred in 2017 for Truvada R© allowing for the generic market
to flourish (28). If the issues around the cost of PrEP (either daily
or ED-PrEP) become resolved or secondary, there will still be
additional issues to be addressed by Member States to implement
prevention strategies that comprise different approaches and
include PrEP (28).

Making use of implementation science, EU Member States
will have to continue to consider different strategies that
might be useful in the adoption of PrEP among health
organizations considering the unique organizational barriers
and facilitators that each one may have for a sustainable
delivery (44). Mayer et al. (44) based on the USA experience,
proposed an ecosocial model of factors involved in PrEP
implementation (Figure 4).

It is undeniable that best practices for optimizing PrEP
delivery based on clinical practice, outreach tailored programs,
and evidence are still needed (2). The optimization of PrEP scale-
up is challenging, but many believe this is the only way forward
(44). Combining PrEP with treatment scale-up in San Francisco
(USA), London (UK), and New South Wales (Australia) led to
substantial reductions in newHIV infections (56). The use of ED-
PrEP also opens new opportunities for optimization of PrEP use
across Europe.

In terms of the way services are organized in the EU, services
provided in the region are variable ranging from open access
and/or free services ensuring testing and treatment for HIV and
STIs, to situations where access is only possible via significant
co-payments or even extreme situations of “limited access to
non-confidential and pejorative services” (28). In the EU, like
most countries, most of the budget for healthcare comes from
public funding (through collection of taxes and social insurance
contributions) (28). Theremight be however a small contribution
(<5%) from private schemes (28). In some EU countries (such as
the Netherlands, Germany, Portugal, etc.), healthcare is delivered
by both public and private sectors but funded also through
insurance schemes and/or formal and informal copayments
(28). Independent of the level of public or private services
provided, the importance, significance, and determination of
community-based organizations who frequently organize to offer
HIV and STIs screenings, adjusted to key populations of interest,
are undeniable (28). These services end up collaborating with
primary healthcare services for PEP and the prescription of
antiretrovirals (28).

From many factors or barriers discussed before, that
undermine the full implementation of PrEP in Europe, affordable
access appears to be one of the first issues that need urgent
intervention. Mechanisms to support not only the costs of
medication (either reimbursement by health authorities or
insurance) but also the costs of care need to be studied. Stigma

Frontiers in Medicine | www.frontiersin.org 11 August 2021 | Volume 8 | Article 722247104

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Sepodes et al. PrEP for HIV in European MSM

should not be an issue for people that want to have access to PrEP
since many private insurance companies have been associating
access to PrEP to sexual risk behaviors that could affect how the
health plans of these people are negotiated.

According to a recent editorial inThe Lancet HIV, “the funding
of PrEP in England is a sorry saga” (56), further elaborating that
in 2016, the National Health Service (NHS) England decided
that HIV prevention fell within the remit of local public health
authorities, and subsequently, NHS was not responsible for
funding (56). Subsequent legal challenges via court actions led
to a court ruling that NHS England could fund PrEP, and in
September 2018, the drug patent extension for Truvada R© was
overturned by a High Court in England and generic cheaper
forms of FTC/TDF became available (56). The same authors also
state that “although it is now clear that funding should no longer
be an obstacle to universal access, to date there seems to be no
resolution among health authorities for how to fund long-term
PrEP roll-out in England” (56).

European countries need to focus their long-term
plans for HIV infection on scaling up preventive services.
Given the overwhelming evidence available to support the
effectiveness of PrEP, not pursuing this path is a public health
missed opportunity. The need for high coverage; fair cost;
reimbursement schemes; rapid roll-out; and consideration of
the health, social, and geographical inequalities faced by many
of the individuals at risk for HIV will be needed to maximize
the preventive effects of PrEP (56) not only in Europe but in
many other areas of the globe. For the greatest impact in Europe,
PrEP should be truly available, and access should be given to
all who need it. In the words of McCormack back in 2016,
“the momentum to implement PrEP in European countries is
increasing and provides a welcome opportunity to expand and
improve clinical services and civil society support focused on HIV
and related infections including other sexually transmitted and
blood-borne infections” (28). In fact, the momentum was there,
but it still leaves much to achieve.

Experts seem to agree that we need to overcome not only
barriers inherent to health care systems but also other societal
barriers that restrict access to high-quality care (4). Several
initiatives are helping to provide proof of the principle that
the elimination of HIV infections, stigma, discrimination, and
deaths are all workable (4). Projects such as the “Getting to Zero”
initiative in San Francisco serve as models “for implementation of
a combination of treatment as prevention and PrEP at the local,
regional, national, and global levels” (4).

At the program level it continues to be important that
condoms keep their central role, as it is widely agreed that there
is no intention for PrEP to replace condom use, even if taken
as prescribed (9). It was the consistent use of condoms that
prevented millions of infections among MSM around the world.
Some authors went one step further and even defined possible
ways of conveying the message about the combination use of
PrEP and condoms (9):

a) PrEP is not meant to replace the use of condoms but, “if
taken as prescribed, PrEP on its own has the same high level
of protection against HIV as consistent condom use” (9);

b) the combination of PrEP with condom use provides not only
safest protection against HIV (9); and

c) the consistent use of condoms, if viable and suitable, provides
a high level of protection for both HIV and STIs, and in such
cases, PrEP may not be necessary (9).

PrEP and condoms should continue to be combined as
a strategy, especially when PrEP remains costly in some
EU countries (despite the existence of generics) and
condoms have the advantage of also protecting from other
STIs (9).

One of the issues that were considered a barrier to PrEP
implementation in the EU was precisely the possible association
to the increase of STIs when (or if) PrEP was implemented.
There had been a historic low number of STI cases reported
during the years when there were not so many therapeutic
options available for HIV. The increase in the number of
STIs after the year 2000 is inevitable and parallel to the first
significant therapeutic advancements in the management of
HIV, when the fears of the consequences of contracting HIV
reduced (57). With the “awareness of the efficacy of PrEP and
treatment as prevention” as a measure to control HIV in the
populations at risk (including MSM), the rise in STIs sped up
since 2013 (57).

Based on the demonstration study AMPrEP, Hoornenborg
et al. investigated if PrEP (either daily or ED-PrEP) could
promote risk compensation, “defined as increased sexual risk
behaviors” leading to higher incidence of STIs (40). Interestingly,
the study found that although the overall incidence of STIs
did not change significantly along the 2 years of PrEP use, the
incidence of STIs was higher among individuals who preferred
ED-PrEP, this being most likely related to differences in sexual
behaviors adopted by these participants (40).

The findings of the above study are aligned with the findings
from a recent study by Jansen et al. that investigated the
prevalence of chlamydia, gonorrhea, and mycoplasma in MSM
in Germany (58). The authors report a high prevalence of STIs
among MSM (e.g., PrEP users) being asymptomatic (58). The
findings of this study support once again that a significant
proportion of PrEP users practice condomless sex and reinforces
the need for low-threshold and free-of-cost counseling and
thorough screening for STIs (58). One important aspect also
raised in this study is the need to address the use of party or
recreational drugs by PrEP users (58).

Behavioral change is one of the most tricky and challenging
strategies in Public Health. There are some interventions that
need to be taken into consideration at the same time PrEP is
considered, making this a multicomponent intervention. There
is still plenty of room for improvement for strategies that have
a clear focus on health promotion, behavioral change, and HIV
prevention, and these should include PrEP and PEP, especially
in particularly vulnerable populations within MSM (as the
challenging example of chemsex). Targeted interventions would
be clearly beneficial, with the potential for only being needed for
short periods of time while translating into longer-term benefits
in terms of HIV prevention and STIs (if associated to condom
use) (59). A study conducted in MSM living in Paris (France)
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confirmed that rectal douching is a common practice mostly
associated with condomless sexual intercourse, with participation
in group sex, with HIV infection, STI diagnosis, and likelihood to
use rectal microbicide gels (60).

Douching can breakdown the protective rectal epithelium,
thereby increasing susceptibility to HIV and other STIs
(61), therefore PrEP (including ED-PrEP) and condoms
could have an important role for individuals (especially
receptive or “passive” partners) who feel more comfortable
douching before sexual intercourse and do not want to be at
increased risk.

A behavior common among MSM relates to the significant
proportion of these individuals who use inhaled nitrites, or
poppers, to enhance sexual intercourse. A survey was conducted
in 2016 in 580 MSM living in Paris (France) regarding the
use of poppers, condomless sexual anal intercourse, serosorting,
sexual positioning, use of PrEP, PrEP candidacy and even
interest in different possibilities for PrEP delivery (62). The
study showed that popper users were more likely to consider
themselves suitable candidates for PrEP, while showing that
they were most probably not current or past users of PrEP
(62). Explanations for the belief that these individuals would be
suitable candidates and actively considered PrEP were related
to increased serosorting and condomless anal sexual intercourse
reported by these participants (62). Also emerging from this
survey is the enormous interest demonstrated in alternative
PrEP delivery options, namely, long-acting injectable versions of
PrEP (62).

Given the long demand for long-acting versions of PrEP,
several companies have tried to develop versions of PrEP that
would be attractive for those with issues related to adherence
or who prefer a once-a-month administration, for example.
In October 2020, the EMA recommended to the European
Commission granting a marketing authorization to Rekambys R©

(active substance: rilpivirine) and Vocabria R© (active substance:
cabotegravir) to be used together for the treatment of HIV
infection (63). The EU regulator based its opinion on data
from phase III randomized, open-label, multicenter clinical trials
including HIV-infected men and women above 18 years old and
asymptomatic, who were either treatment naïve or where already
under treatment of a standard of care (63). Although this is still
for use in a treatment setting, the evidence available at the time is
enough to support both efficacy and safety of a regimen including
both drugs administered every 4 or 8 weeks (63). This seems in
line with the expectations of some patients living with HIV, since
the availability of a regimen including a long-acting antiretroviral
allows the reduction of the dosing frequency and the burden
associated with daily pill taking (63).

The importance of having drugs such as Rekambys R© and
Vocabria R© approved for treatment is paving the way for the
same approach to be studied, developed, and authorized for PrEP
in Europe and worldwide in a very near future. Some trials
are already ongoing and study HPTN 083 already showed the
superiority of cabotegravir in comparison to TDF/FTC for the
prevention of HIV (64).

CONCLUSIONS: WHERE TO GO FROM
HERE?

It is now well-established that PrEP should be considered a
significant additional prevention tool for MSM, although there is
a tendency in Europe to still promote access only to those who
are considered being at high risk, although more MSM would
probably benefit from these interventions.

Applying the concept of HIV prevention cascades in the EU
will most probably lead to a significant increase in coverage,
mainly by targeting: (i) interventions on the demand-side
(improving risk perception, awareness and uptake of prevention
approaches; (ii) interventions on the supply side (prevention
products, procedures, and health structures more available
and accessible, and; (iii) adherence interventions (supporting
ongoing adoption of prevention behaviors, including those not
involving any of the prevention products) (65).

Successful implementation of PrEP needs a defined model
of care appropriate to the size of the target population
and capacity of the local health system (8), and it needs
to be built on national commitments to address all
identified structural, capacity, and policy barriers to PrEP
implementation (8, 44). The ECDC recently identified key
principles that should guide countries for effective PrEP
implementation (8), including stakeholder engagement, creation
of stigma-free environments, PrEP awareness (with demand
creation), and the consequent update of clinical and public
health guidelines with definition of standardized eligibility
(promoting population wide access based on need criteria)
and clear linkage to care reinforcing combination STI and
HIV prevention (8).

Overall, special boost should be given to ED-PrEP as it
might be more cost-effective, safe, and highly effective for MSM
independently of assuming a passive (“receptive”) or active
(“insertive”) role in the sexual intercourse (42). It is expected
that countries update their treatment guidelines to include the
option of ED-PrEP (42) alongside with the daily PrEP option,
promoting, reinforcing, and supporting educational campaigns
and dedicated care for the target population. Independent of
the regimen or route of administration, PrEP represents a
unique opportunity for engagement of health structures and
professionals with individuals, on all issues surrounding their
sexual health (42).

A recent publication from Bavinton and Grulich (66) clearly
highlights the importance of contextualizing the new PrEP
modalities that have emerged and are emerging, reinforcing the
need to better understand the long-term patterns of PrEP use
in different target populations and developing models of use by
these individuals, alternating through “periods of use and non-use,
as well as switching between dosing regimens or modalities as they
become available” (66).

While COVID-19 has created an unprecedented crisis around
the world, and although resources are most probably currently
directed to fighting this global threat, the fight against HIV
should never stop being a priority. Ending HIV must remain in
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the political, societal and health agendas around the world and
we, members of modern societies, should not have any doubts
about who is at risk for infection of HIV and to whom scaling up
of PrEP is a crucial step. Better use of the already available tools is
in order, PrEP is one of the most promising interventions Europe
should aim for given the intrinsic potential for impacting theHIV
epidemic (66).
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Since the implementation of the EU Orphan Regulation in 2000, the Committee for

Orphan Medicinal Products at the European Medicines Agency has been evaluating the

benefits of proposed orphan medicines vs. satisfactory treatment methods. This type

of evaluation is foreseen in the Orphan Regulation as the orphan designation criterion

called the “significant benefit.” In this article, based on 20 years of experience, we provide

a commentary explaining what is considered a satisfactory method of treatment in the

context of the EU Orphan Regulation and for the purpose of the assessment of significant

benefit. We discuss the challenges posed by continuously changing clinical practise,

which is associated with the increasing number of treatment options, evolving nature of

medicinal therapeutic indications and our understanding of them.

Keywords: orphan designation, satisfactory methods of treatment, significant benefit, orphan regulation,

committee for orphan medicinal products

DEFINING A SATISFACTORY METHOD OF TREATMENT

According to the European Union (EU) Orphan Regulation (1), a candidate medicine can be
awarded an orphan status if it fulfils a set of defined criteria. The medicine must be intended for the
treatment, prevention, or diagnosis of a disease that is life-threatening or chronically debilitating.
The medicine must either target a disease affecting no more than 5 in 10,000 persons in the EU or
be unlikely to generate sufficient returns to justify the investment needed for its development. In
addition, if a satisfactory method of diagnosis, prevention or treatment of the condition concerned
exists, the medicine must be of significant benefit to those affected by the condition. The eligibility
of a candidate medicine to orphan designation (OD) is assessed by a dedicated Committee for
Orphan Medicinal Products (COMP) at the European Medicines Agency (EMA).

The requirement to show that a product for which an OD is applied will be of significant benefit
to those affected by the orphan condition in cases where other satisfactory methods exist is a
unique criterion in the EU Orphan Regulation framework. The concept of significant benefit has
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been discussed previously in a number of publications (2, 3).
The need to demonstrate significant benefit is of particular
importance as it may be effectively gatekeeping in nature
(e.g., blocking new products from obtaining a designation or
preventing incentives such as the 10 years of market exclusivity
due to lack of adequate comparative data).

Therefore, to provide further information, in this article
we aim to explain what constitutes a satisfactory method of
treatment. This naturally depends on the specific rare disease
the medicinal product intends to diagnose, prevent, or treat.
The evaluation needs to be performed both at the initial stage
of OD and when reviewing maintenance of orphan status at
the time of marketing authorisation (MA). The assessment at
the time of OD is made early in the medicine development,
often at the stage of non-clinical studies (4, 5), whereas the
assessment at maintenance stage takes place after the medicine
receives a positive opinion from the Committee of Human
Medicinal Products (CHMP) at EMA following a positive
benefit/risk assessment.

To demonstrate significant benefit, an assessment is
conducted by the COMP based on data provided by the
applicant and established evidence from the public domain.
The assessment concerns the new product vis-a-vis relevant
comparators currently used in Europe for the treatment of the
proposed orphan condition. The COMP considers the standard
of care in identifying appropriate comparators and the target
patient population suitable for the analysis of significant benefit.

MA is granted if the benefit/risk balance is positive (6).
Medicines authorised for a given indication throughout EU
based on such positive benefit/risk balance are considered as
satisfactory within the meaning of the Orphan Regulation (1).
Medicinal products may be deemed as being authorised in the
Community via either a national, decentralised or centralised
procedure, hence authorised in a single, several or all member
states (7, 8). The definition of a satisfactory method of treatment
is based on a reference to the terms of the MA as described
in the Summary of Product Characteristics (SmPC) (7, 8).
Therefore, medicinal products which are authorised for the
treatment of the disease as such or, at the very least, the same
set of essential symptoms associated with the disease, can be
considered as satisfactory methods of treatment (7, 8). A product
that is administered or applied outside of the approved SmPC
(used “off-label”) should not be considered a satisfactory method
according to the Orphan Regulation (8). Similarly, medicines
applied under hospital exemption would not be considered
satisfactory (8). This is because hospital exemption is typically
given under exclusive physician’s responsibility for a medicine
that is not used or produced routinely, and where the benefits
and risks associated with such therapy are not well-known.

In some cases, a medicine may be taken into account when
it is authorised for a broader patient population than the
targeted orphan condition. Examples include older products such
as corticosteroids or antiepileptics with broad labels and use
in many diseases. In addition, medicines may have different
national authorisations, and hence different indication wording
in the SmPC at national level. It suffices, however, that the
condition (or a set of essential symptoms) in question is

mentioned in the approved SmPC in onemember state for it to be
considered as a satisfactory method of treatment for the purpose
of an OD.

Moreover, in some disease areas, a non-pharmacological
therapy can be considered a satisfactory method if there is public
and widespread consensus among clinicians in the field as to the
value of such treatment (e.g., surgery, radiotherapy, diet etc.).
As an example, diet in the case of phenylketonuria is considered
satisfactory due to its high level of efficacy in the treatment of the
disease. In exceptional cases, medicines prescribed for individual
patients in the hospital (commonly known as the “magistral
formulas”) may be considered as satisfactory treatment if they are
well-known and safe and this is a general practise in the EU (8).

The meaning of the word “satisfactory” should not be
confused with similar concepts, such as “efficacious,” each word
bearing a different regulatory meaning. The word “efficacious”
refers to the efficacy or effectiveness of the product in a particular
condition. However, the fact that a medicine is not curative
or fully effective does not imply that it is not considered
“satisfactory” from a regulatory point of view as long as the
benefit/risk balance is deemed positive.

CASES OF CHALLENGING DECISIONS
AND LESSONS LEARNT

Despite the guidance from the European Commission (EC) (7, 8),
there are cases when the decision on whether a medicine can
be considered satisfactory can be challenging. An example of
such a “grey area” are medicines which treat well-characterised
and serious symptoms of a disease (e.g., antiseizure medications
(ASMs) or immunosuppressants). For example, most ASMs
are authorised for treatment of specific seizure types, like
e.g., focal seizures, generalised tonic-clonic seizures, myoclonic
seizures, etc. However, only few medicines are approved for
specific conditions where these various types of seizures typically
manifest and, therefore, different ASMs are used. As such, ASMs
which are treating characteristic set of symptoms of the disease
could potentially be considered as a satisfactory method for the
purpose of the significant benefit assessment.

The situation can also be challenging when authorised
medicines for various reasons are no longer used or have just
recently been approved. In the first instance, there might be
change in current clinical practise making a comparison to an old
and unused product irrelevant; in the latter case, the product may
be “too new” to allow for a comparative analysis in the context
of a significant benefit discussion. In both cases, the approved
medicines must be captured in the description of the standard of
care. In case of recent approval of a newmedicine for treatment of
the same condition, it is still expected that a new medicine shows
significant benefit vs. the one recently approved (9).

EXISTING METHODS OF TREATMENT

It is of great importance for the COMP to capture all existing
methods of treatment across the EU. On occasion, significant
differences are noted across member states regarding medicines
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in their licencing, terms of MA, availability and patient access.
While the authorisation and specific label are to be taken into
consideration, the availability and access fall outside of the
COMP remit. The most complete standard of care and publicly
available guidance on how authorised medicines are used are
considered for the purpose of assessing an application for an
OD. It should be noted that there might be a difference in the
list of satisfactory methods discussed at time of initial OD and
when reviewing maintenance of orphan status at time of a MA
stage when the standard of care may have evolved. In order
to ascertain the existence of satisfactory methods at the time
of an orphan maintenance stage, there must be a full overlap
of therapeutic indications and patient populations between
the candidate and the authorised medicinal product(s). If the
therapeutic indication covered by the candidate is broader than
that of the authorised medicinal product(s), then the latter will
not be considered satisfactory for the purpose of the significant
benefit assessment (10).

The task of comprehending the current EU standard of care
becomes increasingly more complex due to continuous addition
of new authorised medicines for orphan conditions, as this leads
to notable changes in how patients are managed. This applies
specially to “crowded” therapeutic areas such as seen in oncology,
where many treatment options exist but their clinical use in
practise is not well-structured and standardised. Management
of multiple myeloma can be mentioned as an example to
illustrate the difficult task of developers and regulators in proper
contextualisation of the therapeutic effects observed [see recent
Orphan Maintenance Assessment reports on Blenrep (11) and
Nexpovio (12)].

THE AIM OF MAXIMUM TRANSPARENCY

It is the aim of the COMP to make publicly available
documents transparent and informative, for the purpose of
sharing evaluations with all stakeholders that could be interested
in comparisons vs. standard of care. That said, it should be
noted that the definition of satisfactory methods used by the
COMP might be different compared to the standard of care
considered relevant for a clinician managing individual patients
or suitable for an individual HTA. These stakeholders often focus

on national treatment standards or the most commonly used
treatment options and may have different inclusion criteria when
it comes to treatment methods.

CONCLUSIONS

In conclusion, significant benefit is a unique European criterion
which needs to be evaluated by the COMP at initial OD
and at time of MA. Significant benefit is assessed based on
comparative data between the new product and all existing
satisfactory methods of treatment. An authorised medicine for
a given condition based on a positive benefit/risk balance is
considered a satisfactory method. Such medicines are easy to
identify when comparing the proposed medicine to authorised
medicines with similarly worded therapeutic indications. A
number of special considerations have been mentioned above,
which are discussed by the COMP on a case-by-case basis.
There may be discrepancies between the standard of care and
a set of comparators considered for significant benefit, because
not all medicines in use are approved for the same indication
and not all non-pharmacological methods may be included.
The list of comparators may also differ at initial OD and at
time of MA, because of restricted wording of the approved
therapeutic indication at MA, or because more satisfactory
treatments were authorised after the granting of the initial
OD. If in doubt, an applicant may always inquire with the
EMA to receive appropriate regulatory guidance. However, a
comprehensive description of the standard of care based on
treatment guidelines and a comparative discussion are always
recommended. Following the spirit of the EU orphan legislation,
dedicated research of all medicines for specific rare diseases is
encouraged and may be rewarded with the orphan incentives
whenever significant benefit has been clearly demonstrated over
existing satisfactory methods of treatment.
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Background: The mission of medicines regulatory agencies is to ensure the timely

access of innovative products for patients to improve public health. Thus, regulators

should foresee evolving technologies and build expertise prior to reviewing innovative

products. Novel modalities and new classes of therapeutics in biological or cell-based

products represent a regulatory challenge because of knowledge gaps, as exemplified by

the unexpected cytokine release syndrome in the first-in-human clinical trial of the CD28

super-agonist. Meanwhile, recent treatments harnessing T cell co-signaling pathways

provide an opportunity for investigation. Therefore, this study aimed to systematically

identify and evaluate novel modalities for T cell immunity to assess the need for

regulatory guidance.

Methods: A PubMed search was carried out using the query, “immun∗ AND t lymph∗” to

select publications. Subsequently, a citation network was created, followed by clustering

and text mining to identify the modalities and classes of therapeutics under development.

Results and Discussion: Analysis of the top 20 clusters revealed research domains

characterized by keywords such as immune checkpoint antibody, chimeric antigen

receptor (CAR)-T cells, microbiota, exosome, regulatory T cells, unconventional T cells,

and vaccines. After reviewing the pharmacological concepts, clinical trial information, and

available guidance, we presented a perspective on the future development of guidance

for these domains.

Conclusion: Bibliometric analyses identified a set of innovative modalities targeted for

drug development with which regulatory guidance is going to catch up. This strategy

could help in the successful development of upcoming modalities to ensure readiness

for clinical application as part of horizon scanning.

Keywords: regulatory science, horizon scanning, drug development, citation network, regulatory guidance,

immunotherapy, T cell therapy, novel modality
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INTRODUCTION

Our mission as medicines regulatory agency is to protect
and promote public health. We achieve our mission through
regulatory science, which underlies the objective evaluation of
the safety, efficacy, and quality of medical products and supports
science-based decision-making. The development of standards
and regulatory guidance accelerates product development and
regulatory review to make innovative products available to
the public in a timely manner. At the same time, regulatory
agencies are confronted with emerging technologies that may
have issues beyond the expertise gained from existing medical
products. Novel modalities in biological or cell-based products
represent a regulatory challenge in terms of efficacy, safety,
and quality because of the heterogeneous nature of the product
and the multifaceted mode of action. For example, the use
of intestinal microbiota as biological products poses a gap
to be filled, as they do not reach the systemic circulation
but rather modulate mucosal immunity (1). To respond to
innovation, medicines regulators worldwide, including in Europe
(2) and Japan (3), explore many ways for horizon scanning
and cooperate via an international framework, the International
Coalition of Medicines Regulatory Authorities (ICMRA) (4). As
described previously, it is common to use scientific literature,
committees, expert groups, the web, andDelphimethodologies to
identify innovation (5). Thus, a comprehensive and transparent
methodology is required.

To complement foresight capacity, text mining of a dataset of
scientific publications provides a tool for the early identification
of emerging technologies, as discussed for Tools for Innovation
Monitoring in Europe which makes an overall science survey
(6). Text mining technique has extensively been used by
policy-makers (6, 7). A combination of text mining and
network analysis reported the emergence and evolution of
research fronts in biomedical areas (8–11). This strategy, using
bibliometric analysis, has the advantage of being supported by
scientometric evidence and elucidates paradigms or key elements
organizing innovation.

A caveat for searching a database is to determine the
appropriate “search term,” which captures the panoramic view
of how the key elements of the target field are organized. One
solution is to select an encompassing search term that captures
the co-evolution of related paradigms (10).

Herein, we focused on the pharmacologic interventions that
have been developed for T cell immunity as a case study of
bibliometric analysis for horizon scanning. T cells play pivotal
roles in the immune system and have therapeutic potential
against cancer, autoimmune and/or infectious diseases, and
inflammatory conditions. The ability of T cells to form “memory”
cells is the fundamental basis of vaccination; however, they are
also responsible for harmful reactions such as graft-versus-host
disease (GvHD) or donor cell rejection in allogeneic transplants.
The first-in-human clinical trial of TGN1412 (monoclonal
antibody to co-stimulator CD28), which caused serious adverse
effects, highlighted the critical need for regulating the therapeutic
ability of T cells and their destructive potential (12). Recently,
however, harnessing T cell co-signaling pathways to re-ignite T

cell immunity has achieved the practical use as two modalities:
one is cellular modality targeting cancer antigens through highly
activated chimeric antigen receptor (CAR)-T cells, the other
is antibody re-activating endogenous quiescent T cells through
checkpoint blockade. These new treatment paradigms prompted
us to investigate the development of the core modality in T
cell immunity.

To systematically identify novel modalities, we took three
steps; network formation with direct citation links, followed by
dividing the network into several clusters, finally extracting the
characteristic keywords of each cluster. These steps allow us to
grasp the overall landscape of T cell immunity, position and
interpret each cluster as a distinct technical domain and analyze
the targeted clusters with keywords.

This study aimed to explore the possibility of a citation
network and clustering in identifying modalities and classes
of therapeutics under development. We hypothesized that
bibliometric analyses would reveal clusters of distinct modalities
in T cell immunity, which would warrant regulatory guidance.

METHODS

Citation Network Analysis and Text Mining
The search query “immun∗ AND t lymph∗” was selected for
PubMed search, which yielded seven key articles (13–19) in the
research history of immune checkpoint inhibitors based on the
official page for the Nobel Prize in Physiology or Medicine 2018
awarded to Dr. James P. Allison and Dr. Tasuku Honjo (20).

We retrieved 134,361 publications from PubMed (published
up to December 2020), of which 92,731 (69.0 %) resulted in a
citation network by extracting the largest connected component
from all linkage components via direct citation of publications.
The start date was not specified to collect publications in the
PubMed as much as possible. The year of the oldest paper in the
largest connected component was 1970.

As shown in Supplementary Figure 1, after forming a citation
network from PubMed publications, it was converted into an
unweighted network with publications as nodes and citation
relationships as links. The network was then divided into several
clusters using the topological clustering method with modularity
maximization (Louvain method) (21–23). Subsequently we
computed the term frequency-inverse cluster frequency (TFICF)
to extract the characteristic keywords of each cluster. TF provides
a measure of the importance of a term in a particular sentence.
ICF provides a measure of the general importance of a term. The
TFICF of a given term i in a given cluster j is calculated as follows:

TFICF = tfi,j · icfi = tfi,j · log(N/cfi)

where N is the total number of sentences. TFICF reflects how
important and specific a word is to a cluster in comparison
with the collection of clusters. The TFICF value increases
proportionally to the number of times a word appears in the
targeted cluster and is offset by the number of clusters that
contain the word. TFICF differentiates the characteristic words
in a cluster from words that appear in general. The keywords,
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ranked in the top 20 TFICFs related to harnessing T cells for
therapeutics, were listed.

Other Information
Clinical trial information was collected from ClinicalTrials.gov;
regulatory guidance information, as of July 2021, was retrieved
from the FDA, EMA, and PMDA websites.

RESULTS

We analyzed a citation network of publications obtained from
PubMed, and 38 clusters were formed. The clusters were arranged
in descending order of the number of included constituent
papers (Supplementary Figure 1); the top 20 clusters were used
for subsequent analyses, which covered 95.3% of papers in the
citation network.

Table 1 summarizes the cluster keywords, ranked in the
top 20 TFICFs, on the recently developed modalities and
research fields. Clusters 1, 2, 3, 11, 13, 16, and 20 were
chosen because they contained keywords related to the use of
T cells for therapeutics. Cluster 1 contained keywords related
to immunotherapy, including vaccines, immune checkpoints,
CARs, and cytotoxic T lymphocytes. This cluster also had
“oncolytic” as a keyword with a lower TFICF. Cluster 2 consisted
of keywords related to mucosal immunity, such as microbiota,
intestinal, and dendritic cells (DCs). In addition, clusters 1 and
2 were sub-clustered due to the large volume of publications
to extract specific topics, showing the detailed character of
each cluster. Cluster 3 included keywords on regulatory T cells
(Tregs), autoimmunity, and tolerance, while cluster 11 showed
exosomes at the top of TFICF. The keywords for cluster 13
were characterized by unconventional T cells, such as invariant
NKT (iNKT) cells and mucosal-associated invariant T (MAIT)
cells. The keywords for cluster 16 included coronavirus, vaccine,
and severe acute respiratory syndrome, while those for cluster
20 comprised mesenchymal stem cells (or mesenchymal stromal
cells) (MSCs). Our analysis identified novel modalities classified
into each cluster in the citation network.

We characterized the research trends in each cluster by
selecting papers on drug development or translational research,
which have been published recently (mainly in the last 5 years).
The clusters, categorized bymodality, are summarized inTable 2.
In addition, the clinical study information for each modality was
supplemented to validate drug development.

Recent studies on immune checkpoint antibodies were
classified mainly into sub-clusters 1-1, 1-3, and 1-6.

• Sub-cluster 1-1 included papers on a similar class of immune
checkpoint modulators, i.e., inhibitory or stimulatory immune
checkpoints. Although antibodies against the co-inhibitory
receptors, cytotoxic T lymphocyte antigen 4 (CTLA-4) and
programmed cell death 1 (PD-1), exhibit prominent efficacy in
several cancer indications, only 20% of cancer patients respond
to single-agent checkpoint inhibitors (24). Accordingly, an
increasing number of studies in developing novel checkpoint
modulators that can reverse the blockade or rejuvenate T cell
immunity and their combination has been observed (24–27).

Various immune checkpoint modulators, such as lymphocyte
activation gene 3 (LAG-3), TIM-3, TIGIT, VISTA, OX40, 4-
1BB, GITR, and CD40, have been reported in clinical trials,
in combination or compared with anti-PD-1 or anti-CTLA-
4 therapy (28–33). Given that cancer and chronic infections
share common features, such as chronic exposure to antigens
and the development of exhausted effector T cells, there is
growing interest in strategies that apply immune checkpoint
inhibitors to chronic viral infections (25, 26). In both cases,
the therapeutic goal is to rejuvenate T cell immunity to
eradicate tumors or virus-infected cells. On the other hand, in
transplantation settings, the focus on manipulating T cell co-
signaling is to induce tolerance rather than rejuvenation (27).

• Sub-cluster 1-3 contained issues of response and resistance
to immune checkpoint blockade, tumor microenvironment
(TME), and tumor mutation burden, which have been
proposed as predictive biomarkers for the response to immune
checkpoint blockade (34, 39). Loss of the interferon (IFN)-
γ pathway has been reported as a mechanism responsible
for the lack of clinical responses to checkpoint blockade in
some patients (35, 40). A phase II clinical trial is underway
to investigate the combination of checkpoint blockade and
IFN-γ production within the TME (41). Cancer vaccines
require co-treatments to overcome immune evasion and
immune-suppressive microenvironments (36). Another study
pointed out that a personal, multi-peptide, neoantigen vaccine
for melanoma was effective alone or in combination with
checkpoint blockade (37). This cluster also included a report
on boosting checkpoint blockade with microbiota therapy in
preclinical models (38) and clinical studies (42, 43).

• Sub-cluster 1-6 contained issues regarding immune-related
adverse events, specifically those related to immune
checkpoint blockade (44, 45) as well as a combination of
cancer immunotherapy, including cancer vaccines, adoptive
cellular immunotherapy, and oncolytic viruses, to improve
clinical response and minimize toxicities (46, 47). Clinical
studies on combination therapy of cancer vaccines (48–50) or
oncolytic viruses (51) have also been reported.

The papers on engineered T cells and bispecific antibodies were
predominantly compiled in sub-cluster 1-8. T cells genetically
engineered to express artificial receptors, such as CARs, have
been the subject of intense scrutiny (52, 53). The mechanism
of bispecific antibodies is similar to that of CARs: it involves
bridging two target cells, thereby bringing immune effector cells
into close contact with particular tumor-associated antigens to
facilitate cell killing (54). Compared to CAR-T cells in B-cell
malignancies, the treatment of solid tumors with CAR-T cells
is less effective. CAR-T cell treatment targeting EGFRvIII in
glioblastoma resulted in antigen escape because of selection
pressure favoring expansion of a subset of tumor cells that lacked
the targeted antigen in the clinical trial (55). NY-ESO-1-specific
T cell receptor-engineered T (TCR-T) cells have generated
clinical responses in patients with synovial cell sarcoma and
have received Sakigake andOrphan regenerative medical product
designation in Japan (56, 88, 89). Clinical studies on the treatment
of solid tumors with TCR-T cells targeting MAGE-A4 (57) or
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TABLE 1 | Characterization of the identified clusters by TFICF keywords.

Relevant cluster or

sub-cluster

Average

year

Number of

papers

Top keywords on the modalities and key elements in research fields

Diseases and etiology

Cluster 1 2011 14,538 immunotherapy, vaccine, immune checkpoint,

ipilimumab, CAR, CD8, CTL

tumor, melanoma

1-1 2011 2,286 programmed death (PD), CTLA, TIM, TIGIT, VISTA,

ICOS, CD28, CD155

tumor

1-3 2017 1,606 immune checkpoint inhibitor, TMB, neoantigen,

microenvironment, STING

tumor, melanoma, BRAF, MCPyV

1-6 2014 1,231 anti CTLA, immune checkpoint inhibitor, ipilimumab,

nivolumab, tremelimumab, IRAEs

tumor, melanoma, hypophysitis

1-8 2011 1,084 CAR, bispecific antibody, adoptive tumor, leukemia, WT1

Cluster 2 2008 11,087 peptide, microbiota, intestinal, mucosal, pylorus,

dendritic cell (DC), tolerance, IFN, gamma, CD4

autoimmune, infection, allergen,

inflammation

2-3 2012 1,376 intestinal microbiota, probiotic, colitis, mucosal, Treg IBD, hepaticus, ILFs

Cluster 3 2011 9,628 Treg, foxp3, tolerance, CD4, CD25 tumor, autoimmune, T1D

Cluster 11 2008 2,471 exosomes, TCR tumor

Cluster 13 2007 1,977 iNKT, NKT, MAIT, alpha GalCer, CD1d tumor

Cluster 16 2010 1,255 vaccine covid, coronavirus, severe acute

respiratory syndrome (SARS),

sars cov infection, tumor

Cluster 20 2011 824 MSC, ASCS ITP

The following keywords were obtained as abbreviations. CAR, chimeric antigen receptor; CTL, cytotoxic T lymphocyteTIM, T cell immunoglobulin and mucin domain; PD, programmed

death; CTLA, cytotoxic T lymphocyte associated antigen; TIM, T cell immunoglobulin and mucin domain; TIGIT, T cell immunoreceptor with immunoglobulin and ITIM domains;, VISTA,

V-domain immunoglobulin suppressor of T cell activation; ICOS, inducible T cell costimulatory; TMB, tumor mutation burden; STING, stimulator of interferon genes; MCPyV, Merkel cell

polyomavirus; IRAEs, immune-related adverse events; IFN, interferon; Treg, regulatory T cell; IBD, inflammatory bowel disease; ILFs, isolated lymphoid follicles; T1D, type 1 diabetes;

TCR, T cell receptor; iNKT, invariant natural killer T (cell); MAIT, mucosal associated invariant T (cell); GalCer, galactosylceramide; MSC, mesenchymal stem cell; ASCS, adipose derived

stem cells; ITP, idiopathic thrombocytopenic purpura.

CAR-T cells targeting glypican 3 (GPC3) have been reported (58).
Cluster 1 showed research trends on enhancing the antitumor
activity of immunotherapy and expanding disease targets, while
minimizing adverse events based on the molecular mechanism of
immune checkpoint blockade and engineered T cells.

We focused on sub-cluster 2-3 in cluster 2, since it contained
unique papers on mucosal immunity, including studies involving
intestinal microbiota and commensal bacteria. Although this
sub-cluster did not have many recent publications, it included
those relevant to the clinical development of microbiota-based
products. The top-cited papers describe how commensal
microbiota affect specific host T cells (59, 60). A subsequent
study reported a preclinical study on the isolation of Treg-
inducing bacterial strains from human microbiota (61).
Together with the study by Sivan et al. (38), studies on the
mechanism of microbiota-host interaction provided evidence
regarding the therapeutic potential of selected microorganisms
for inflammatory disease and cancer immunotherapy
(62). Clinical studies designed to assess the efficacy of
microbiota in addressing specific diseases have also been
reported (63–66).

Cluster 3 involved studies on Tregs. Sharabi et al. summarized
clinical trials of therapies administering Tregs to treat
autoimmune diseases, transplantation, and cancer (67).
Practical issues related to the isolation and manufacture of
Tregs for cell therapy have been noted (68). Clinical studies,

on the use of Tregs in treating type 1 diabetes (69) and kidney
transplantation (70), have been reported. This cluster revealed
clinical applications and hurdles for Treg-based cell therapy.

Cluster 13 comprised papers on iNKT cells that recognize
specific glycolipid antigens (alpha galactosylceramides)
presented by CD1d protein (71). Innate-like or unconventional
T cells include iNKT, MAIT, and γδ T cells, which recognize
lipids, vitamin B2 metabolites, and specially modified peptides,
respectively. The properties of these cells encompass innate
and adaptive immune responses against cancer and infectious
diseases (72, 73). Notably, unconventional T cells are considered
as non-traditional adjuvants to improve vaccine efficacy and are
capable of stimulating a wide array of immune cells (74). Phase I
clinical studies on iNKT cells have also been reported (75, 76).

Cluster 16 was distinct in that it consisted of papers
on coronavirus and vaccines. The number of papers in this
cluster reached a maximum in 2020 (Supplementary Figure 1).
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2)-specific T cells in patients with acute respiratory distress
syndrome have been characterized (77). The kinetics of immune
responses, in relation to the clinical and virological features
of a patient with mild-to-moderate coronavirus disease 2019
(COVID-19), have been reported (78). Kim et al. discussed recent
evidence on the adaptive immune response against SARS-CoV-
2 and its potential implications for the generation of memory
responses from the vaccine viewpoint (79).

Frontiers in Medicine | www.frontiersin.org 4 October 2021 | Volume 8 | Article 756870117

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Fukaya-Shiba et al. Insights on Regulatory Guidance Development

TABLE 2 | Research trends in each cluster.

Modality Relevant cluster

or sub-cluster

Research trend and technological class References in

each cluster

Clinical development (excluding

the approved products)

immune check

point antibody

Cluster 1

1–1

Immune check point modulators

Inhibitory immune checkpoints

PD-1, CTLA-4, LAG-3, TIM-3, TIGIT, VISTA

(24–27) (28) LAG-3, TIM-3, (29) TIGIT; Phase

III as of July 2021, (30) VISTA

Stimulatory immune checkpoints

CD28, OX40, 4-1BB, GITR, CD40, ICOS

(31) OX40, 4-1BB, (32) GITR, (33)

CD40

1–3 Response and resistance to immune check point therapy

tumor microenvironment (TME), TMB, neoantigen

(34–38) (39) exploratory TMB, (40)

IFN-γ-related gene expression

signatures, (41) IFN-γ production

within the TME, (42) microbiota, (43)

fecal microbiota transplantation

1–6 IRAEs and immunotherapy combination

cancer vaccines, oncolytic viruses, adoptive cell therapy

and checkpoint blockade

(44–47) (48) melanoma antigens, (49)

autophagosome vaccine, (50) cancer

vaccine, (51) oncolytic virus

CAR-T cells 1–8 Engineered T cells and Bispecific T cell engager

CAR, bispecific antibody, TCR-engineered T (TCR-T) cells

(52–55) (56, 57) TCR-T cells; solid tumor, (58)

prime CAR-T cells; solid tumor

microbiota Cluster 2

2–3

Manipulation of gut microbiota for the treatment of diseases

microbiota, commensal bacteria, intestinal microbiota, IBD

(59–62) (63) Clostridioides difficile infection,

(64) Crohn’s disease, (65) melanoma,

(66) food allergy

T cell subtype Cluster 3 Treg for immune-suppression

Treg, FOXP3, CD25

(67–69) (69) T1D, (70) minimizing immune

suppression in kidney transplantation

Cluster 13 Unconventional T cell for immunomodulation

iNKT cell, MAIT cell, cd1d, alpha GalCer

(71–74) (75) iNKT cells, (76) allogeneic iNKT

cells

vaccine Cluster 16 SARS-CoV-2 and T cell response

COVID-19, coronavirus, vaccine, SARS

(77–79) –

exosome Cluster 1

Cluster 11

Cluster 20

Immunoregulation by exosomes (80, 81)

(82, 83)

(84, 85)

(86) DC-derived, (87) MSC-derived

LAG-3, lymphocyte activation gene 3; GITR, glucocorticoid-induced tumor necrosis factor-related protein; the other abbreviations are listed in Table 1.

Clusters 1, 11, and 20 contained papers on extracellular
vesicles (EVs), including exosomes which have been the subject of
intense scrutiny, with respect to therapeutic applications, because
of their capacity for intercellular communication in modulating
immune responses (82). Plasma-derived exosomes were found to
be predictive of non-invasive biomarkers of immune dysfunction
in head and neck cancer (83). Exosomes secreted by DCs
have been sought as therapeutic antitumor vaccines in clinical
studies (80, 86), while engineered tumor cell-derived exosomes
potentiated DC immunogenicity and long-lasting antitumor
immunity in preclinical models (81).

Cluster 20 contained papers on MSCs. Stem/progenitor cell-
derived EVs exert immuno-regulatory effects on immune cells,
such as natural killer (NK) cells, DCs, and T cells (84). The
immuno-modulatory activity of MSC-derived exosomes was
compared with that of parental MSCs (85). Respiratory diseases
were the most common indication in clinical trials registered for
MSC-derived EVs therapeutics (90). Clinical studies of exosomes
carrying siRNA (87) have also been reported.

Table 3 lists the regulatory guidance documents issued for
each modality identified in the present study, as well as the
time of approval of the first product. Guidance documents were
available for cancer vaccines, oncolytic viruses, microbiota, CAR-
T cells and bispecific antibodies, and unavailable for immune
checkpoint inhibitors and exosomes (as of July 2021).

TABLE 3 | Guidance issued for cutting-edge modalities.

Modality Guidance

(published year)

Reference Product

approved year

cancer vaccine FDA (2011) (91) US in 2010

oncolytic virus ICH (2009) (92) US in 2015

microbiota FDA (2016), PMDA

(2021, planning)

(93) (*)

CAR-T cells EMA (2020) (94) US in 2017

bispecific antibody FDA (2021) (95) US in 2014

exosome PMDA (2022, planning) – (*)

*Guidance needs to be developed or updated.

DISCUSSION

Our investigation revealed citation network and clustering
captured the structure of T cell immunity field as distinct clusters.
Subsequently, our review of knowledge in each cluster brought
understanding of research fronts of major modalities. These steps
allowed us to assess the needs to develop regulatory guidance
for each modality. Our method provides an effective tool for
regulators to identify state-of-the-art research fronts to develop
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guidance documents in a timely manner, minimizing the gap
between scientific innovation and product review.

Bibliometric Snapshot of the Evolving
Paradigm
Using the “immun∗ AND t lymph∗”query, we identified several
clusters that contained coherent groups of immunological
paradigms. The construction of a network of direct citations
between papers is useful for structurally grasping the origin of
knowledge in the field, and the network clustering method can be
used to extract distinct sub-regions. It is reasonable that cluster 1,
the largest cluster, consisted of the immune checkpoint blockade
and CAR-T cells sub-clusters, and provided an abundance of data
for immunotherapies and interconnected concepts. The addition
of a co-stimulatory domain into the second-generation CAR
greatly enhanced efficacy over that of the first-generation CAR
(55), leading to FDA approval. We also observed some intra-
and inter-cluster-linked papers contributing to the conceptual
framework. The top-cited paper in cluster 1 described a phase III
trial demonstrating survival benefit in patients undergoing anti-
CTLA4 therapy (96) which has been cited by a preclinical study
in sub-cluster 1-3 that revealed the mechanism of tumor-specific
mutant antigen, and the target of checkpoint blockade therapy,
thus proposing personalized cancer-specific vaccines (97). While
this preclinical study is cited by a review on combination therapy
(98) in sub-cluster 1-1, it is also cited by a review on CAR-T cells
for solid tumors (55) in sub-cluster 1-8. Therefore, our method
allows us to trace how a paradigm is developed.

Assessing the Need of Regulatory
Guidance
Regulatory agencies must build their expertise prior to reviewing
forthcoming products developed from evolving technologies,
to ensure availability of innovative products to patients in a
timely manner. We collected guidance documents that show
current regulatory thinking on chemistry, manufacturing, and
controls (CMC) as well as preclinical and clinical issues for
specific modalities.

Developing guidance for EVs is the top priority among the
identified modalities, since there is no guidance available. The
PMDA Science Board, a high-level consultative body that discuss
the scientific aspects of medical product review, will develop
points to consider (PTC) for EV-based products in a year (90).
Although EVs, including exosomes, have drawn attention as
potential therapeutics, their quality requirements are yet to be
addressed by regulatory bodies. Given the high congruence of size
and behavior between EVs and viruses, any virus present in the
materials or manufacturing process could be enriched in the final
product. Thus, a sound basis for assessing EV-based products
must be established.

As a high priority, the updated guidance of microbiota
as biotherapeutic products is needed, as there is no product
approved. The guidance for live biotherapeutic products was
developed by the FDA in 2012 and subsequently revised in 2016,
while in Europe, in the absence of EU guidelines, a roadmap for
safety assessment was proposed (1). The PMDA Science Board

will be reporting PTC on live biotherapeutic products based on
the latest knowledge. There is a need to continuously update the
regulatory guidance based on scientific advances made in the
field, and such documentation can facilitate the development of
novel modality-based products.

As for CAR-T cells, more specialized guidance could be
considered. While EMA provided clinical considerations on
CAR-T cells in hemato-oncology in 2020 (94), it is reasonable
to expect multifaceted issues relevant to CAR-T cells will be
addressed, including their use in the treatment of solid tumors
(55) or allogeneic genome-edited CAR-T cells (99). Allogeneic
CAR-T cells, using T cells from healthy donors, would provide
timely access to the treatment for patients, with stable quality,
avoiding the problem of T cell exhaustion inherent to cancer
patients. Genome-editing of endogenous TCR is undertaken to
overcome the harmful effects inherent to these molecules, such as
GvHD (donor cells attacking recipient tissue). However, genome-
editing is accompanied with safety concerns regarding off-target
effects, as described in the PTC of the PMDA Science Board
(100). Besides the structure-engineering of CAR, consideration
as alternative sources of T cells, such as NK cells, unconventional
T cells, or Tregs should also be regarded, as discussed below.

Because of the HLA-independent monomorphic nature of
CD1d or MHC class I-related protein (MR1), which constrains
iNKT or MAIT cell development, unconventional T cells can
be potential CAR carriers. These cells may provide a platform
for CAR-T cell therapy in allogeneic settings that do not
induce GvHD (101). In addition, these cells may serve as
antitumor effector cells since they represent an effector and
memory phenotype.

We should carefully monitor the evolution of the translational
potential of these cells to assess the need for regulatory guidance.

Regarding other identified modalities, the priority to develop
guidance is not high, given that the guidance documents are
available, and the products were approved. FDA guidance for
cancer vaccines and ICH consideration for oncolytic viruses
were issued close to the product approval time, thereby ensuring
timely patient access. FDA guidance for bispecific antibodies was
issued after product approval, implying the intention to inform
the development of other types of bispecific or multi-specific
protein products.

Despite the tremendous impact on clinical use, there
has been no specific guidance for immune checkpoint
inhibitor development. We assume that this is because the
regulatory pathway for evaluating monoclonal antibodies is
well-established. Instead, the management of immune-related
adverse events, which are distinct from those of conventional
cytotoxic and molecular-targeted drugs, has drawn attention,
as discussed (44, 45). Recent progress in the development of
immunotherapy has altered the strategy for developing anti-
cancer drugs, necessitating revision of the guideline for these
clinical evaluations in Japan (102).

From a Different Perspective
From the regulatory perspective of T cell immunity, it is
imperative to discuss the consequence of the TGN1412 clinical
trial. TGN1412, a super-agonistic monoclonal antibody specific
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for CD28 (CD28SA) that is intended to activate Treg cells, was
found to be therapeutically active in multiple rodent models
of autoimmunity. However, a phase I trial of TGN1412 failed
to induce Tregs but instead caused life-threatening cytokine
storms in healthy volunteers (12, 103). In response to these
results, regulators committed to minimizing the risk of serious
adverse reactions by publishing guideline and its update (104).
It had repercussions not only on mitigating risks for first-in-
human trials, but also on improving the translational potential
of laboratory animals. A recent study showed that laboratory
mice failed to mimic the phenotype of human subjects, whereas
wildlings with natural microbiota closely mirrored human
immune responses (105), indicating the importance of antigenic
experience in immune cells when considering translational
research. Immune phenotypes and functions emerge from the
combination of genetics, epigenetics and environment, including
microbiota (106). These findings might trigger a revisit of
the ICH S6 guideline (107) on preclinical safety evaluation of
biotechnology-derived pharmaceuticals.

Apart from detecting novel modalities, our citation network
compiled scarce papers on TGN1412, sporadically found in
clusters 1, 5, and 6 with the keyword, “TGN1412,” in TFICF (108–
113). Although one review described TGN1412 in the perspective
of T cell manipulation technology in 2012 (113) and another
study reported a humanized mouse model (109), we manually
filled the gap in scientific progress in the subsequent years. We
admit that technological concepts with high volumes of linked
papers are easy to detect, while concepts with limited research
resulting in papers with low linkage need careful consideration.

Limitation
We acknowledge that our analysis of the network structure
does not have predictive power for future innovation. Other
information, such as patents and budgets of the target modalities,
should be considered to create a cohesive plan for timely
roadmaps. Another limitation of our study largely reflects the
nature of the clustering. Extracting publications by the largest
connected component from all linkage components might result
in possible missed insights. This strategy may exclude relevant
papers with weak linkages, which could be related to the
intended objectives. For example, groundbreaking research on
the translatability of wildling mice with natural microbiota (105)
was not included in the clusters analyzed. Likewise, most recent
papers could not be recovered in the citation network because of

the low frequency of citations, as observed for TGN1412-related
papers. Such possibilities need to be carefully considered. Thus,
it is important that bibliometric results be seen as starting points
for subsequent exploratory analyses and reviews.

CONCLUSION

The present bibliometric analysis captured a set of innovative
modalities targeted for drug development and revealed several
classes of therapeutics of importance. The keywords in the
clusters highlight the roadmap for the timely development of
regulatory guidance as well as features of research trends that
provide important perspectives for subsequent consideration.
The citation network offered an efficient and transparent
exploratory analysis for horizon scanning that could be
considered a starting point for further review and evaluation.
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Background: An increasing number of medicines authorised in Europe recommend

or require biomarker-based patient selection. For some of these the use of a

companion diagnostic (CDx), a subset of in vitro diagnostics (IVDs), to identify patient

populations eligible for a specific medicinal product may be required. The information and

recommendations of use of a medicinal product for which a CDx is required is particularly

important to healthcare professionals for correct patient identification.

Methods: We reviewed the existing information in SmPCs and European Public

Assessment Reports (EPARs) of EU medicinal products approved via the centralised

procedure at EMA where reference was made to biomarker testing, including by CDx,

for patient selection.

Results: The results show that varying levels of detail are provided for the biomarker

and the diagnostic test, including variability in where the information was presented. The

overall results demonstrate transparent but sometimes heterogeneous reporting of CDx

in the SmPC and EPAR.

Conclusions: With the introduction of the new Regulation (EU) 2017/746 on in vitro

diagnostic medical devices, medicines regulatory authorities’ will be required to be

consulted during the review of CDx conformity assessment and so, there is opportunity

for more consistent and transparent information on CDx to be provided in the SmPC

and EPAR.

Keywords: EPAR, IVD, IVDR, SmPC (Summary of Product Characteristics), CDx, biomarker testing

INTRODUCTION

Healthcare has been experiencing an important change in its treatment paradigm towards
personalised medicine (1). The increasing development of “omics” methods have enabled the
identification of patients and the prediction of their treatment response through measuring new
biological markers (biomarkers). These are critical for the success of personalised medicine, often
also referred to as precision medicine or precision therapy. This approach is based on a “medical
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model” were biomarkers are used to ascertain the right
therapeutic strategy for the right patient at the right time (2).
The accurate detection of these biomarkers is key in prescribing
the appropriate therapy which in turn relies on the accuracy
of the in vitro diagnostic (IVD) tests. When IVDs are used to
identify patients suitable for a specific treatment with a medicinal
product they are generally referred to as companion diagnostics
(CDx) (3).

Although the concept of “CDx” was first introduced in the
late 1990s, when trastuzumab (Herceptin) and its corresponding
assay received simultaneous regulatory approval in the USA,
their regulatory context is relatively new in the European Union
(EU) (4). In the EU, the regulatory assessment process for CDx
is disconnected from the regulatory process of its corresponding
medicinal product, and follows the regulatory requirements of in
vitro diagnostic medical devices (5). However, with the new IVD
Regulation (IVDR) (EU) 2017/746 coming into full application
in May 2022, medicines regulatory authorities, including EMA
assume a responsibility in reviewing the “suitability” of the
CDx in relation to the corresponding medicinal product. This
represents an opportunity for increasing harmonisation and
consistency in the development and assessment of CDxs (6, 7).
The Regulation also introduces new classification rules for IVDs,
and stricter clinical evidence requirements, the ultimate goal of
which is to ensure the highest level of protection and safety for
patients. Furthermore, for the first time, a legal definition for
CDx in Europe is set out; subject to the requirements specified
in the IVDR, CDx are defined by Article 2 (7) as devices which
are essential for the safe and effective use of a corresponding
medicinal product to:

(a) “identify, before and/or during treatment, patients who are
most likely to benefit from the corresponding medicinal
product; or

(b) identify, before and/or during treatment, patients likely to
be at increased risk of serious adverse reactions as a result of
treatment with the corresponding medicinal product.”

The IVDR recognises that CDx are “essential for defining
patients’ eligibility for specific treatment with a medicinal
product”. They do this by detecting treatment-specific
biomarkers in order to identify subgroups of patients likely
to benefit from the treatment or present a higher risk for
developing adverse reactions (8).

At present there is limited information on IVDs, including
CDx, contained in the Summaries of Product Characteristic
(SmPC) of medicinal products authorised by the EU. The SmPC
summarises the properties of medicinal products, the conditions
attached to their use, and are a primary information source for
healthcare professionals on how to use the medicine safely and
effectively (9, 10).

The information included in SmPCs follow guidelines on what
to include and where (11). If a products’ indication depends
on a specific genotype or expression of a gene/phenotype (e.g.,
biomarker-based patient selection), this information would be
provided in the “Therapeutic indications” section of the SmPC
(section 4.1). Information on how to use the medicinal product
would be indicated at the beginning of “Posology and method

of administration” (section 4.2). Information on patients with
specific genotypes or phenotypes who might respond negatively
is provided under the section “Special warnings and precautions
for use” (section 4.4). Lastly, any relevant pharmacogenetic
information from clinical studies, including specific data showing
difference in the benefit/risk of between patients or patient
populations would be mentioned under “Pharmacodynamic
properties” (section 5.1) (11).

In addition to the SmPC, the scientific assessment of a
medicinal product is summarised in the European public
assessment report (EPAR), which is published for every human
or veterinary medicine application that has been granted or
refused a marketing authorisation via the centralised procedure
at EMA. The EPAR includes detailed information on the evidence
generated, including the clinical trials performed, submitted
as part of the marketing authorisation application and how
this information was assessed by EMA. The EPAR reflects the
scientific conclusions of the relevant EMA committees at the
end of the assessment process, providing the grounds for the
opinion on whether or not to approve an application and the
intended therapeutic indication(s) (12). EPARs are therefore also
expected to report relevant and detailed information regarding
biomarker-guided development and associated diagnostic testing
(e.g., CDx).

There is an increasing number of medicinal products
authorised in the EU which include certain recommendations or
requirements regarding biomarkers, either for patients’ selection
or as a warning and precaution for clinical guidance in their
SmPC (13). 15% of medicinal products evaluated by EMA in
2015 contained pharmacogenomic-related information in their
label, and this is likely to increase with the technological progress
expected in the field of personalised medicine (14, 15).

The information provided on biomarkers and IVDs including
CDxs as part of the medicinal product labelling is important to
ensure understanding and appropriate use of the medicine and
CDx by healthcare professionals and patients (16). Accordingly,
the wording employed acquires particular relevance too: SmPCs
usually include a statement of “the use of a validated test”
when referring to IVDs (17); however, at times no further
information is provided to differentiate whether the diagnostic
test is recommended or mandatory for the indicated use
of the product. Thus, the wording currently used does not
differentiate whether “the use of a validated test” refers to a
CDx, or for instance, complementary diagnostics which are
diagnostic tests assigned to a therapeutic class rather than a
specificmedicinal product (18). The information in themedicinal
products labelling has been the subject of previous studies.
Shekhani et al. (19) analysed pharmacogenomic data in labelling
and concluded it would benefit from higher consensus across
regulatory agencies and better alignment with clinical guidelines.
Pignatti et al. (20) focused their analysis on the development of
CDx within oncology medicines and underlined the relevance
of EMA experts in assessing CDx for these medicines. As more
medicines will rely on CDx in the future, and multiple tests will
be accessible to detect biomarkers, it is important to ensure that
information on any CDx is consistent across the instructions for
use of the CDx and the type of information provided in SmPCs
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and EPARs to best enable the appropriate use of CDxs for a
corresponding medicinal product.

This study reviewed how current information on biomarkers
and associated diagnostic tests are provided in SmPCs and EPARs
for medicinal products for which biomarker-based testing is
recommended or mandated in view of the upcoming changes
introduced by the IVDR. The study mainly focused on the type
and consistency of the language when describing these diagnostic
tests. Information on CDx identified as a result of this analysis
were compared to the US Food and Drug Administration (FDA)
approved/cleared biomarker tests (21).

MATERIALS AND METHODS

For the purpose of this analysis, SmPC and EPAR sections
were reviewed to identify the type and level of information and
location included for biomarkers and associated diagnostics
testing. The basis for this analysis were approved medicinal
products containing pharmacogenomic labelling in the
product information, identified by Shekhani et al. (19).
However, for our study, only medicinal products which were
granted market authorisation by the European Commission

(EC) from January 2014 until June 2019, inclusive, were
considered. A total of 213 medicinal products were identified
in the Supplementary Tables S1–S3 provided by Shekhani
et al. (19); after screening with the purpose of excluding
biosimilars, generics and withdrawn medicinal products, 63
medicinal products were included for further review (Figure 1).
Accordingly, the corresponding SmPCs and EPARs of these
medicinal products were retrieved for detailed assessment.
Biomarker-related information, and consequently information
on CDx, was extracted from the four sections of the SmPC
(Table 1) and two sections of EPARs (Table 2) where it is
primarily reported for more detailed analysis.

Additionally, to ensure all relevant information was captured
for this analysis and not missed in other sections, the SmPCs and
EPARs of the included 63 medicinal products were searched with
the following terms: “assay,” “testing” or “validated test”. Then,
diagnostic test-related information provided in the SmPCs and
EPARs was extracted into Excel for further analysis together with
information on the active substance and biomarker. Data was
further categorised depending on their location in the SmPC and
EPAR and on the description and level of evidence provided for
the diagnostic test.

FIGURE 1 | Flow diagram showing the selection process of included medicinal products and eligibility criteria.
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TABLE 1 | Sections of the SmPC where biomarker and diagnostic information are

primarily located.

Sections Content

Section 4.1 Therapeutic indications

Section 4.2 Posology and method of administration

Section 4.4 Special warnings and precautions for use

Section 5.1 Pharmacodynamic properties

TABLE 2 | Sections of the EPAR where biomarker and diagnostic information are

primarily located.

Sections Content

Clinical efficacy Dose response studies, main studies, discussion

and conclusion on the clinical efficacy of the product

Benefit risk balance Therapeutic context, favourable effects,

unfavourable effects uncertainties and limitations of

favourable and unfavourable effects, effects table,

benefit-risk assessment and discussion

Active substances for which no information on the previous
search terms or for which no specific diagnostic testing was
performed in the clinical trials were excluded. Medicinal
products that did not mention the need for or recommend
biomarker-based patient selection were not further analysed.
These medicinal products and the corresponding exclusion
criteria can be found in the Supplementary Material.

The results were then grouped by biomarker and
corresponding diagnostic test and whether information on
a CE-marked test was provided for the IVD; in a subsequent
step, it was evaluated whether the diagnostic test meets the
definition of a CDx. Finally, the results were compared to the
corresponding information provided in the product information
of those medicinal products for which there was also a cleared
or approved CDx by the FDA “List of Cleared or Approved
Companion Diagnostic Devices (In Vitro and Imaging Tools)”
(21) in June of 2020. At every stage of the research, the results
were cross-checked and validated by all the authors.

RESULTS

After the screening process, a total of 28 medicinal products were
selected for further analysis.

Grouping of Medicinal Products Based on
Reporting of Biomarkers and Diagnostic
Information
In the first instance, the identified 28 medicinal products were
grouped into five main categories based on the level of detail
provided for the biomarker and/or the diagnostic test, i.e., was
a CE-marked test available and referenced either in SmPC and/or
EPAR, was a specific diagnostic test or methodology described
and whether the information was described in the corresponding
SmPC and/or EPAR (Table 3).

TABLE 3 | Grouping of medicinal products based on reporting of biomarkers and

diagnostic information.

Category Products

1 CE-marked test referenced in the

SmPC only

Alectinib, gilteritinib, pembrolizumab

2 CE-marked test referenced in the

EPAR only

Brigatinib, dacomitinib, larotrectinib,

lutetium (177Lu) oxodotreotide,

olaparib, rucaparib

3 CE-marked test referenced in the

SmPC & EPAR

Atezolizumab, cobimetinib,

durvalumab, necitumumab,

nivolumab, osimertinib, talazoparib,

trametinib

4 No CE-marked test referenced

but description of target

biomarker or methodology

referenced in the SmPC and/or

EPAR

Binimetinib, blinatumomab, ceritinib,

encorafenib, inotuzumab, midostaurin

5 No CE-marked test referenced

but reference to

diagnostic/genetic test in SmPC

and/or EPAR

Abacavir, allopurinol, ataluren,

lumacaftor & ivacaftor, eliglustat

Of the 28 medicinal products, the majority (17, 61%)
referenced the use of a CE-marked diagnostic test used during
development; however, the information was not consistently
found in both SmPC and EPAR. Interestingly, only 6 (21%) of
the medicinal products included information on the use of a
CE-marked test in the EPAR only.

The first category included medicinal products where the CE
marked commercial test was used during the development and
specific information on the diagnostic test was referenced in
section 5.1 of the SmPC, while the same level of information was
not found in the EPAR.

The second category included medicinal products where
information on the use of a CE-marked diagnostic tests was
provided in the EPAR only. Medicinal products in this category
all had a statement requiring the use of a validated test in the
SmPC section 4.2/4.4 but no reference was made whether a CE-
marked test was used during development in the SmPC. The
level of detail and location of the information provided differed
for medicinal products in this group though, e.g., in the case of
dacomitinib, section 4.2 of the SmPC included a statement that
EGFR mutation status should be established prior to initiation of
dacomitinib therapy and referred to section 4.4, which included
the reference to use a well-validated and robust methodology to
assess the EGFR mutation status of a patient.

In the case of larotrectinib and olaparib, while reference to
the use of a validated test method to detect the biomarker was
included in section 4.2, more elaborative information on how
to conduct testing or how testing was conducted in support of
the marketing authorisation application (MAA) was detailed in
section 5.1.

The medicinal product containing radiolabeled Lutetium
(Lu177) was also included in this category as it referenced the
use of imaging techniques to confirm the overexpression of
somatostatin receptor prior to administration in section 4.2
and included information on the specific imaging technology
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in the EPAR. In this particular case, the imaging technology
related to radiolabeled Lutetium does not meet the criteria for
a companion diagnostic, therefore it was not further considered
for the purposes of this analysis.

The third category included medicinal products which
referenced a CE-marked test in both the SmPC and the
EPAR. However, only necitumumab did not include a statement
regarding the need to use a validated test in section 4.2.
While the indication for necitumumab is for patients with
locally advanced or metastatic epidermal growth factor receptor
(EGFR) expressing squamous non-small cell lung cancer, a direct
reference to the use of a validated test was missing in the
SmPC section 4.2/4.4; whereas reference to a CE-marked test
was included in section 5.1. Based on the information provided
in both SmPC and EPAR, one could infer that the diagnostic
test referred to in section 5.1 is considered a complimentary
diagnostic rather than CDx as the indication of necitumumab is
for squamous non-small cell lung cancer expressing EGFR.

The fourth category included medicinal products that
provided a description of the target biomarker or respective
methodology in the SmPC and/or EPAR but there was no
mention of a CE-marked test. While no CE-marked tests were
referenced, most target biomarkers and methodologies described
were related to CDxs. Each of the medicinal products in this
category required the use of a validated test prior administration;
this information was found in section 4.2 of the SmPC, except for
encorafenib and binimetinib, which reported the requirement of
a validated test in section 4.4 instead. Of note, encorafenib and
binimetinib are both medicinal products which are indicated to
be given together in combination.

Lastly, the remainder of the identified medicinal products
were placed into group 5. All of the products in this category
are indicated for therapeutic disease areas outside of oncology.
These products met at least one of the screening criteria, to get
to this stage of the analysis. Within this category two groups
can be differentiated: medicinal products which recommended or
required genetic tests for safety concerns (abacavir, allopurinol,
eliglustat) and medicinal products requiring genetic testing
to identify patients that can benefit from treatment (efficacy)
(ataluren, lumacaftor, and ivacaftor). Both treatments for CTFR,
lumacaftor and ivacaftor included reference for a “an accurate
and validated genotyping method”. In the case of abacavir
containing medicinal products, before initiating therapy, patients
should be screened for HLA-B∗5701 (in settings where validated
screening methods are available); in the case of allopurinol
(note: allopurinol was withdrawn after the analysis of the
study was completed), screening for HLA-B∗5801 should be
considered before starting treatment in patient subgroups where
the prevalence of this allele is known to be high; for ataluren, the
presence of a non-sense mutation in the dystrophin gene should
be determined by genetic testing as patients without a non-
sense mutation should not receive ataluren. Eliglustat is indicated
for adult patients with Gaucher disease type 1 (GD1), who are
CYP2D6 poor metabolisers (PMs), intermediate metabolisers
(IMs) or extensive metabolisers (EMs) and thus should be
genotyped for CYP2D6 to determine the CYP2D6 metaboliser
status. None of the medicinal products in this category included

a reference to a particular CE-marked test. On closer inspection
of the information retrieved, none of the diagnostic tests referred
to meet the criteria of a CDx and thus this group of medicinal
products was not further evaluated.

Grouping of Medicinal Products by
Biomarker
A number of medicinal products have been authorised in Europe
based on the same biomarker, thus to compare the level and
detail of the diagnostic test found in the SmPC and the EPAR, the
results were further grouped by the biomarker target (Table 4).

However, the level of detail provided in SmPC and
EPAR differs between medicinal products that are indicated
for the same biomarker-led/driven patient population as
summarised below.

Brigatinib, alectinib, and ceritinib are medicinal products
requiring the selection of ALK-positive NSCLC patients prior
administration. All three medicinal products included reference
to “a validated ALK assay is necessary” in section 4.2. Additional
instruction is provided for brigatinib and ceritinib in so far that
testing for ALK-positive NSCLC status should be performed
by laboratories with demonstrated proficiency in the specific
technology; there was no such reference in the case for ceritinib.

Medicinal products targeting BRAF V600 mutation
consistently made reference to “must have” when indicating the
use of a validated test to confirm BRAFV600mutation. However,
the location of the reference was not consistent: encorafenib and
binimetinib included it in section 4.4, cobimetinib in section 4.2
and 4.4 whereas trametinib only reported it in section 4.2.

The reference to the use of a validated test for medicinal
products targeting breast cancer gene (BRCA) mutations
(rucaparib, olaparib, and talazoparib) was included in section 4.2,
yet the description was not consistent: in the case of olaparib
“must have” while talazoparib denoted “should be selected”
when referring to BRCA mutations detection. Depending on
the indications approved, rucaparib either stated the mandatory
requirement of a validated test with the term “must have” (e.g.,
as treatment for relapsed or progressive EOC, FTC, or PPC)
or explicitly specifying no BRCA testing was required (e.g.,
maintenance treatment of adult patients with relapsed high-grade
EOC, FTC, or PPC).

Dacomitinib, osimertinib and necitumumabwere identified as
targeting the biomarker EGFR, and a reference to a diagnostic
test was identified for all three. Both dacomitinib and osimertinib
are indicated for “locally advanced or metastatic non-small cell
lung cancer (NSCLC) with epidermal growth factor receptor
(EGFR)-activating mutations” and a reference to the use of
a validated test was included in the SmPC albeit in different
sections. Dacomitinib mentioned EGFR mutation status should
be established prior the initiation of the therapy in section 4.2 and
reiterated the requirement of a validated test also in section 4.4.
The necessity of a validated test was specified in section 4.2 for
osimertinib, but additional details were provided in section 4.4
on how testing should be performed. Necitumumab’s indication
refers to “epidermal growth factor receptor (EGFR) expressing
squamous non-small cell lung cancer” with no reference to
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TABLE 4 | Medicinal products categorised by the biomarker target of the diagnostic test.

Biomarker Product Biomarker-related indication Description of diagnostic test/biomarker target Location in

SmPC

ALK-positive Alectinib Alecensa as monotherapy is indicated for the

first-line treatment of adult patients with anaplastic

lymphoma kinase (ALK)-positive advanced

non-small cell lung cancer (NSCLC).

Alecensa as monotherapy is indicated for the

treatment of adult patients with ALK-positive

advanced NSCLC previously treated with crizotinib.

A validated ALK assay is necessary for the selection

of ALK positive NSCLC patients. ALK-positive

NSCLC status should be established prior to

initiation of Alecensa therapy

4.2

Brigatinib Alunbrig is indicated as monotherapy for the

treatment of adult patients with anaplastic

lymphoma kinase (ALK)-positive advanced

non-small cell lung cancer (NSCLC) previously

treated with crizotinib.

ALK-positive NSCLC status should be known prior

to initiation of Alunbrig therapy. A validated ALK

assay is necessary for the selection of ALK positive

NSCLC patients (see section 5.1).

ALK-positive NSCLC status should be performed

by laboratories with demonstrated proficiency in the

specific technology being utilised.

4.2

Ceritinib Zykadia as monotherapy is indicated for the first-line

treatment of adult patients with anaplastic

lymphoma kinase (ALK)-positive advanced

non-small cell lung cancer (NSCLC).

Zykadia as monotherapy is indicated for the

treatment of adult patients with anaplastic

lymphoma kinase (ALK)-positive advanced

non-small cell lung cancer (NSCLC) previously

treated with crizotinib.

An accurate and validated ALK assay is necessary

for the selection of ALK-positive NSCLC patients

(see section 5.1).

ALK-positive NSCLC status should be established

prior to initiation of Zykadia therapy. Assessment for

ALK-positive NSCLC should be performed by

laboratories with demonstrated proficiency in the

specific technology being utilised.

4.2

BRAF

mutation

Binimetinib Binimetinib in combination with encorafenib is

indicated for the treatment of adult patients with

unresectable or metastatic melanoma with a BRAF

V600 mutation (see sections 4.4 and 5.1).

Before taking binimetinib in combination with

encorafenib, patients must have BRAF V600

mutation confirmed by validated test. The efficacy

and safety of binimetinib in combination with

encorafenib have been established only in patients

with tumours expressing BRAF V600E and V600K

mutations.

4.4

Cobimetinib Cotellic is indicated for use in combination with

vemurafenib for the treatment of adult patients with

unresectable or metastatic melanoma with a BRAF

V600 mutation (see sections 4.4 and 5.1).

Before starting this treatment, patients must have

BRAF V600 mutation-positive melanoma tumour

status confirmed by a validated test.

4.2

Before taking Cotellic in combination with

vemurafenib, patients must have BRAF V600

mutationpositive tumour status confirmed by a

validated test.

4.4

Encorafenib Encorafenib in combination with binimetinib is

indicated for the treatment of adult patients with

unresectable or metastatic melanoma with a BRAF

V600 mutation (see sections 4.4 and 5.1).

Before taking encorafenib, patients must have

unresectable or metastatic melanoma with BRAF

V600 mutation or metastatic colorectal cancer with

BRAF V600E mutation confirmed by a validated

test.

4.4

Trametinib Trametinib as monotherapy or in combination with

dabrafenib is indicated for the treatment of adult

patients with unresectable or metastatic melanoma

with a BRAF V600 mutation (see sections 4.4 and

5.1).

Before taking trametinib, patients must have

confirmation of BRAF V600 mutation using a

validated test.

4.2

BRAF V600 testing

The efficacy and safety of trametinib have not been

evaluated in patients whose melanoma tested

negative for the BRAF V600 mutation

4.4

BRCA

mutation

Olaparib Lynparza is indicated as monotherapy for the

maintenance treatment of adult patients with

platinum-sensitive relapsed BRCA-mutated

(germline and/or somatic) high grade serous

epithelial

ovarian, fallopian tube, or primary peritoneal cancer

who are in response (complete response or partial

response) to platinum-based chemotherapy.

Patients must have confirmation of a deleterious or

suspected deleterious breast cancer susceptibility

gene (BRCA) mutation (either germline or tumour)

before Lynparza treatment is initiated. BRCA

mutation status should be determined by an

experienced laboratory using a validated test

method (see section 5.1).

4.2

(Continued)
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TABLE 4 | Continued

Biomarker Product Biomarker-related indication Description of diagnostic test/biomarker target Location in

SmPC

Rucaparib Rubraca is indicated as monotherapy treatment of

adult patients with platinum sensitive, relapsed or

progressive, BRCA mutated (germline and/or

somatic), high-grade epithelial ovarian, fallopian

tube, or primary peritoneal cancer, who have been

treated with two or more prior lines of platinum

based chemotherapy, and who are unable to

tolerate further platinum based chemotherapy.

Detection of BRCA mutation

There is no requirement for BRCA testing prior to

using Rubraca for the maintenance treatment of

adult patients with relapsed high-grade epithelial

ovarian cancer (EOC), fallopian tube cancer (FTC),

or primary peritoneal cancer (PPC) who are in a

complete or partial response to

platinum-based chemotherapy.

Before taking Rubraca as treatment for relapsed or

progressive EOC, FTC, or PPC, patients must have

confirmation of deleterious germline or somatic

mutations in the breast cancer 1 (BRCA1) or breast

cancer 2 (BRCA2) gene using a validated test.

4.2

Talazoparib Talzenna is indicated as monotherapy for the

treatment of adult patients with germline

BRCA1/2-mutations, who have HER2-negative

locally advanced or metastatic breast cancer.

Patients should have been previously treated with

an anthracycline and/or a taxane in the

(neo)adjuvant, locally advanced or metastatic setting

unless patients were not suitable for these

treatments (see section 5.1).

Patients should be selected for the treatment of

breast cancer with Talzenna based on the presence

of deleterious or suspected deleterious germline

BRCA mutations determined by an experienced

laboratory using a validated test method.

4.2

EGFR

mutation

Dacomitinib Vizimpro, as monotherapy, is indicated for the

first-line treatment of adult patients with locally

advanced or metastatic non-small cell lung cancer

(NSCLC) with epidermal growth factor receptor

(EGFR)-activating mutations.

EGFR mutation status should be established prior

to initiation of dacomitinib therapy (see section 4.4).

Assessment of EGFR mutation status.

4.2

When assessing the EGFR mutation status of a

patient, it is important that a well-validated and

robust methodology is chosen to avoid false

negative or false positive determinations.

4.4

Osimertinib TAGRISSO as monotherapy is indicated for:

– the first-line treatment of adult patients with locally

advanced or metastatic non-small cell lung cancer

(NSCLC) with activating epidermal growth factor

receptor (EGFR) mutations.

– the treatment of adult patients with locally

advanced or metastatic EGFR T790M

mutation-positive NSCLC.

When considering the use of TAGRISSO, EGFR

mutation status in tumour or plasma specimens

should be determined using a validated test method

(see section 4.4).

4.2

Assessment of EGFR mutation status.

When considering the use of TAGRISSO as a

treatment for locally advanced or metastatic

NSCLC, it is important that the EGFR mutation

positive status is determined. A validated test

should be performed using either tumour DNA

derived from a tissue sample or circulating tumour

DNA (ctDNA) obtained from a plasma sample. Only

robust, reliable and sensitive tests with

demonstrated utility for the determination of EGFR

mutation status of tumour derived DNA (from a

tissue or a plasma sample) should be used.

Positive determination of EGFR mutation status

using either a tissue-based or plasma-based test

indicates eligibility for treatment with TAGRISSO.

However, if a plasma-based ctDNA test is used and

the result is negative, it is advisable to follow-up with

a tissue test wherever possible due to the potential

for false negative results using a plasma-based test.

4.4

(Continued)
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TABLE 4 | Continued

Biomarker Product Biomarker-related indication Description of diagnostic test/biomarker target Location in

SmPC

4.2

4.4

Necitumumab Portrazza in combination with gemcitabine and

cisplatin chemotherapy is indicated for the treatment

of adult patients with locally advanced or metastatic

epidermal growth factor receptor (EGFR) expressing

squamous non-small cell lung cancer who have not

received prior chemotherapy for this condition.

– Reference to a CE-marked test in SmPC & EPAR

but no indication if testing is recommended

or mandatory

5.1

FLT3

mutation

Gilteritinib Xospata is indicated as monotherapy for the

treatment of adult patients who have relapsed or

refractory acute myeloid leukaemia (AML) with a

FLT3 mutation (see sections 4.2 and 5.1).

Before taking gilteritinib, relapsed or refractory AML

patients must have confirmation of FMS-like

tyrosine kinase 3 (FLT3) mutation (internal tandem

duplication [ITD] or tyrosine kinase domain [TKD])

using a validated test.

4.2

Midostaurin Rydapt is indicated:

– in combination with standard daunorubicin and

cytarabine induction and high-dose cytarabine

consolidation chemotherapy, and for patients in

complete response followed by Rydapt single agent

maintenance therapy, for adult patients with newly

diagnosed acute myeloid leukaemia (AML) who are

FLT3 mutation-positive (see section 4.2).

Before taking midostaurin, AML patients must have

confirmation of FLT3 mutation (internal tandem

duplication [ITD] or tyrosine kinase domain [TKD])

using a validated test.

4.2

PD-L1 Atezolizumab Tecentriq as monotherapy is indicated for the

treatment of adult patients with locally advanced or

metastatic urothelial carcinoma (UC):

• who are considered cisplatin ineligible, and whose

tumours have a PD-L1 expression ≥5% (see

section 5.1).

Tecentriq in combination with nab-paclitaxel is

indicated for the treatment of adult patients with

unresectable locally advanced or metastatic

triple-negative breast cancer (TNBC) whose

tumours have PD-L1 expression ≥1% and who

have not received prior chemotherapy for

metastatic disease.

PD-L1 testing for patients with UC or TNBC

Patients with previously untreated UC and TNBC

should be selected for treatment based on the

tumour expression of PD-L1 confirmed by a

validated test (see section 5.1).

4.2

Durvalumab IMFINZI as monotherapy is indicated for the

treatment of locally advanced, unresectable

non-small cell lung cancer (NSCLC) in adults whose

tumours express PD-L1 on ≥1% of tumour cells

and whose disease has not progressed following

platinum-based chemoradiation therapy (see

section 5.1).

PD-L1 testing for patients with locally

advanced NSCLC

Patients with locally advanced NSCLC should be

evaluated for treatment based on the tumour

expression of PD-L1 confirmed by a validated test

(section 5.1).

4.2

Nivolumab Relative to nivolumab monotherapy, an increase in

progression-free survival (PFS) and overall survival

(OS) for the combination of nivolumab with

ipilimumab is established only in patients with low

tumour PD-L1 expression (see sections 4.4 and

5.1).

Disease-specific precautions

Relative to nivolumab monotherapy, an increase in

PFS for the combination of nivolumab with

ipilimumab is established only in patients with low

tumour PD-L1 expression. The improvement in OS

was similar between nivolumab in combination with

ipilimumab and nivolumab monotherapy in patients

with high tumour PD-L1 expression (PD-L1 ≥ 1%).

Before initiating treatment with the combination,

physicians are advised to carefully evaluate the

individual patient and tumour characteristics, taking

into consideration the observed benefits and the

toxicity of the combination relative to nivolumab

monotherapy (see sections 4.8 and 5.1). Treatment

of NSCLC after prior chemotherapy Factors

associated with early deaths were poorer

prognostic factors and/or more aggressive disease

combined with low or no tumour PD-L1 expression

(see section 5.1).

4.4

(Continued)
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TABLE 4 | Continued

Biomarker Product Biomarker-related indication Description of diagnostic test/biomarker target Location in

SmPC

Pembrolizumab Non-small cell lung carcinoma (NSCLC)

KEYTRUDA as monotherapy is indicated for the

first-line treatment of metastatic non-small cell lung

carcinoma in adults whose tumours express PD-L1

with a ≥ 50% tumour proportion score (TPS) with

no EGFR or ALK positive tumour mutations.

KEYTRUDA as monotherapy is indicated for the

treatment of locally advanced or metastatic

non-small cell lung carcinoma in adults whose

tumours express PD-L1 with a ≥ 1% TPS and who

have received at least one prior chemotherapy

regimen.

Urothelial carcinoma

KEYTRUDA as monotherapy is indicated for the

treatment of locally advanced or metastatic

urothelial carcinoma in adults who are not eligible for

cisplatin-containing chemotherapy and whose

tumours express PD-L1 with a combined positive

score (CPS) ≥ 10 (see section 5.1).

Head and neck squamous cell carcinoma

(HNSCC)

KEYTRUDA, as monotherapy or in combination with

platinum and 5-fluorouracil (5-FU) chemotherapy, is

indicated for the first-line treatment of metastatic or

unresectable recurrent head and neck squamous

cell carcinoma in adults whose tumours express

PD-L1 with a CPS ≥ 1 (see section 5.1).

KEYTRUDA as monotherapy is indicated for the

treatment of recurrent or metastatic head and neck

squamous cell carcinoma in adults whose tumours

express PD-L1 with a ≥50% TPS and progressing

on or after platinum-containing chemotherapy (see

section 5.1).

PD-L1 testing for patients with NSCLC,

urothelial carcinoma, or HNSCC

For treatment with KEYTRUDA as monotherapy,

testing for PD-L1 tumour expression using a

validated test is recommended to select patients

with NSCLC or previously untreated urothelial

carcinoma (see sections 4.1, 4.4, 4.8, and 5.1).

Patients with HNSCC should be selected for

treatment with KEYTRUDA as monotherapy or in

combination with platinum and 5-fluorouracil (5-FU)

chemotherapy based on the tumour expression of

PD-L1 confirmed by a validated test (see sections

4.1, 4.4, 4.8, and 5.1).

MSI-H/dMMR testing for patients with CRC

For treatment with KEYTRUDA as monotherapy,

testing for MSI-H/dMMR tumour status using a

validated test is recommended to select patients

with CRC (see sections 4.1 and 5.1).

4.2

Assessment of PD-L1 status

When assessing the PD-L1 status of the tumour, it

is important that a well-validated and robust

methodology is chosen to minimise false negative or

false positive determinations

4.4

CD19/CD22

[B-cell

precursor

acute

lymphoblastic

leukaemia

(ALL)]

Blinatumomab BLINCYTO is indicated as monotherapy for the

treatment of adults with Philadelphia chromosome

negative CD19 positive relapsed or refractory

B-precursor acute lymphoblastic leukaemia (ALL).

BLINCYTO is indicated as monotherapy for the

treatment of adults with Philadelphia chromosome

negative CD19 positive B-precursor ALL in first or

second complete remission with minimal residual

disease (MRD) ≥0.1%.

BLINCYTO is indicated as monotherapy for the

treatment of paediatric patients aged 1 year or older

with Philadelphia chromosome negative CD19

positive B-precursor ALL which is refractory or in

relapse after receiving at least two prior therapies or

in relapse after receiving prior allogeneic

hematopoietic stem cell transplantation.

MRD positive B-precursor ALL

When considering the use of BLINCYTO as a

treatment for Philadelphia chromosome negative

MRD positive B-precursor ALL, quantifiable MRD

should be confirmed in a validated assay with

minimum sensitivity of 10-4 (see section 5.1).

Clinical testing of MRD, regardless of the choice of

technique, should be performed by a qualified

laboratory familiar with the technique, following well

established technical guidelines.

4.2

Inotuzumab BESPONSA is indicated as monotherapy for the

treatment of adults with relapsed or refractory

CD22-positive B cell precursor acute lymphoblastic

leukaemia (ALL). Adult patients with Philadelphia

chromosome positive (Ph+) relapsed or refractory B

cell precursor ALL should have failed treatment with

at least 1 tyrosine kinase inhibitor (TKI).

When considering the use of BESPONSA as a

treatment for relapsed or refractory B cell ALL,

baseline CD22 positivity of >0% using a validated

and sensitive assay is required prior to initiating

treatment (see section 5.1).

4.2

(Continued)
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TABLE 4 | Continued

Biomarker Product Biomarker-related indication Description of diagnostic test/biomarker target Location in

SmPC

NTRK Larotrectinib VITRAKVI as monotherapy is indicated for the

treatment of adult and paediatric patients with solid

tumours that display a Neurotrophic Tyrosine

Receptor Kinase (NTRK) gene fusion.

The presence of an NTRK gene fusion in a tumour

specimen should be confirmed by a validated test

prior to initiation of treatment with Viktravi.

4.2

activating mutations, thus there is no reference to the need of a
validated test in section 4.2 and/or 4.4. However, reference was
made to a CE-marked test used during development in section
5.1 and the EPAR, with no additional information on whether
testing is recommended or mandatory.

Two medicinal products were identified requiring diagnostic
tests to identify FMS-like tyrosine kinase 3 (FLT3) mutations;
both medicinal products consistently specified in section 4.2
that patients “must have confirmation” of FLT3 using a
validated test.

Four PD-1/PD-L1 checkpoint inhibitors were identified
that target populations expressing programmed death-ligand
1 (PD-L1) The requirement (or not) of a diagnostic test
before starting treatment with any of these medicinal products
varied according to the approved indications. A reference
in section 4.2 that patients “should be evaluated/selected”
based on the confirmation of a validated test was found for
atezolizumab and durvalumab. For pembrolizumab, depending
on the authorised indication, the guidance found in the SmPC
varied from “recommended” (e.g., to select patients with NSCLC)
to “should be” (e.g., to select patients with HNSCC). No
reference to mandatory testing was identified for nivolumab.
Yet, information on diagnostic testing, including reference to
a CE-marked test was included in SmPC 5.1. In the case of
nivolumab, information was provided that no reliable cut-off
could be established for PD-L1 expression to determine efficacy,
implying the use of the diagnostic test as complementary rather
than CDx.

Two medicinal products targeting CD19/CD22 positive B-cell
precursor ALL were identified in this analysis, both included
a reference to using a validated test in section 4.2. While for
inotuzumab, diagnostic testing is required for baseline CD22
positivity of >0% using a validated and sensitive assay prior
to initiating treatment, the reference to a validated assay for
blinatumomab is in reference to quantifying presence of minimal
residual disease (MRD) prior to initiating therapy. From the
information provided, a CDx is not required for the use of
blinatumomab in this indication.

Larotrectinib is the first so-called “histology-independent”
cancer treatment that was approved in the EU requiring the
confirmation of the presence of the NTRK gene fusion by a
validated assay before patients can be started on the medicine.
Reference to a validated test prior to initiation of treatment was
included in section 4.2 with section 5.1 providing additional
information on how NTRK gene fusions were identified
during clinical use. In the EPAR, the different molecular tools
currently available for the detection of NTRK fusions in tumour

specimens were further elaborated including reference to CE-
marked tests.

Comparison to FDA-Approved Companion
Diagnostics
Having identified medicinal products for which biomarker
testing was referenced in the EU product information, the
findings were compared to the published list of cleared
companion diagnostics by the FDA (Table 5) for cross-validation.
Medicinal products for which a CDx is mandatory are identified
in the FDA Product Information (PI) generally in two places,
as part of the indication (“as determined by an FDA-approved
test”) and as part of “dosage and administration” where the link
to the website for FDA-approved tests for the detection of specific
biomarkers is provided (21). In addition, if a diagnostic test
was used during development, this was described in the clinical
studies section 14 of the US-PI, whether or not the diagnostic was
considered a CDx.

Generally, there was consistency between medicinal products
approved by EMA and FDA that require a CDx. For inotuzumab,
however, a validated test was required in the SmPC (EMA)
whereas in the list of approved/cleared CDx provided by the
FDA, no assay was provided. The comparison illustrated the
difference between EMA and FDA when referencing the use of
a recommended or required diagnostic test (i.e., CDx) in the
medicinal product labelling: in the SmPC, the term “validated
test” is generally used without further specifying whether such
a test is to be considered a CDx or not. Of note, while in the
EMA SmPC and/or EPAR, a CDx may be identified by inclusion
of a reference to a validated or CE-marked test as a result of
the assessment of the medicinal product, since CDx require
approval by FDA, the link to the cleared list of CDx provides
more transparency as to the number of CDx that are actually
available for any associated medicinal product; in the EU this
option is currently not available.

DISCUSSION

IVDs required for the selection of patients targeted by
personalised medicines fall within the definition of a CDx and
thus the benefit/risk of using such medicines is inevitably linked
to the IVD performance for appropriate use. Consequently,
appropriate information on using CDx for healthcare
professionals is vital. In preparation of the new IVDR, we
analysed how information on IVDs has been provided to date in
the SmPCs and EPARs of medicinal products which recommend
or require biomarker-based testing.

Frontiers in Medicine | www.frontiersin.org 10 November 2021 | Volume 8 | Article 753187133

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Orellana García et al. Biomarker and Companion Diagnostics

TABLE 5 | Comparison of medicinal products and associated companion diagnostic.

Product Reference to CE-marked

CDx in EMA

Information found on

CDx

FDA approved CDx Reference to

method/diagnostic test in

section 14 of the US-PI

Alectinib Ventana anti-ALK (D5F3)

IHC

5.1 in SmPC Ventana anti-ALK (D5F3)

IHC & FoundationOne CDx

VENTANA ALK (D5F3) CDx

assay

Atezolizumab VENTANA PD-L1 (SP142)

Assay

5.1 in SmPC VENTANA PD-L1(SP142)

Assay

VENTANA PD-L1(SP142)

Assay

Brigatinib Vysis® ALK Break-Apart

FISH & FoundationOne NGS

Clinical efficacy EPAR Vysis ALK Break Apart FISH

Probe Kit

Vysis® ALK Break-Apart

FISH Probe Kit test

Cobimetinib Cobas® 4800 BRAF V600

mutation test

5.1 in SmPC Cobas 4800 BRAF V600

Mutation Test &

FoundationOne CDx

Cobas® 407 4800 BRAF

V600 mutation test

Dacomitinib Qiagen therascreen EGFR

Mutation Detection Kit RGS

& AmoyDx EGFR Mutations

Detection Kit

Clinical efficacy EPAR Therascreen EGFR RGQ

PCR Kit

Therascreen ® EGFR RGQ

PCR and cobas® EGFR

Mutation Test

Durvalumab VENTANA PD-L1 (SP263)

IHC assay

5.1 in SmPC No CDx VENTANA PD-L1 (SP263)

Assay

Gilteritinib LeukoStrat® CDx FLT3

Mutation Assay

5.1 in SmPC LeukoStrat® CDx FLT3

Mutation Assay

LeukoStrat® CDx FLT3

Mutation Assay

Inotuzumab Validated assay (FACS/IHC) 5.1 in SmPC No CDx Flow cytometry

Larotrectinib Foundation One,

FoundationOne Heme, RNA

sequencing, MSK-IMPACT,

Thermo Fisher Oncomine

Focus, Oncoplex, Archer

FusionPlex Custom, Archer

FusionPlex CTL, Solid

Fusion Assay, Archer

FusionPlex Solid Tumour

Panel; Archer Solid Tumour

FusionPlex, Archer

FusionPlex, Guardant360,

and OmniSeq

Comprehensive, OncoKids

Cancer Panel, Oncomine

Gene Panel, Oncopanel

MDOPANELB, Sarcoma

Fusion Panel, Trusight RNA

Pan-Cancer Panel, ETV6

FISH and ETV6/NTRK3

FISH

5.1 in SmPC No CDx (note:

FoundationOne CDx was

approved for larotrectinib

after the analysis of the

study was completed)

NGS or FISH

Nivolumab PD-L1 IHC 28-8 pharmDx

assay

5.1 in SmPC PD-L1 IHC 28-8 pharmDx PD-L1 IHC 28-8 pharmDx

assay

Olaparib Integrated BRACAnalysis

assay

Clinical efficacy EPAR Myriad myChoice® CDx,

BRACAnalysis CDx &

FoundationOne CDx

BRACAnalysis CDx

Osimertinib Roche Cobas EGFR

mutation test

5.1 in SmPC FoundationOne CDx &

cobas EGFR Mutation Test

v2

Cobas® EGFR Mutation

Test

Pembrolizumab PD-L1 IHC 22C3

pharmDxTM Kit

5.1 in SmPC PD-L1 IHC 22C3

pharmDxTM Kit &

FoundationOne CDx

PD-L1 IHC 22C3 pharmDx

kit

Rucaparib FoundationFocusTM

CDxBRCA test

Clinical efficacy EPAR BRACAnalysis CDx,

FoundationOne CDx &

FoundationFocus

CDxBRCA Assay

FoundationFocusTM CDx

BRCA LOH test

Talazoparib MYRIAD BRACAnalysis

CDx®

5.1 in SmPC BRACAnalysis CDx BRACAnalysis CDx®

Trametinib THxID BRAF validated assay 5.1 in SmPC FoundationOne CDx,

Oncomine Dx Target Test &

THXID BRAF Kit

THxIDTM-BRAF assay
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Grouping of Medicinal Products Based on
Reporting of Biomarker and Diagnostic
Information
The analyses revealed that diagnostic assay/biomarker data were
not always reported consistently; (i) CE-marked test referenced
in the SmPC only, (ii) CE-marked test referenced in the EPAR
only, (iii) CE-marked test referenced in both SmPC and EPAR,
and (iv) general description of target biomarker or methodology
in SmPC and/or EPAR. The information provided in the SmPC
and EPAR on IVDs and CDx depends on the biomarkers’ role
(dependent on indication) and the information provided during
the assessment for each of the medicinal products. Our analysis
found that the level of detail within the SmPC and EPAR varied
depending on the biomarker to be tested.

The first group of products contained more limited
information than would be expected: the CE-marked tests
used in the clinical trials were referenced in the SmPC only. We
expected this information and more to have also been included
in the EPARs, which provide more details on the assessment of
the medicinal product for healthcare professionals and patients
than the SmPC. On the other hand, products included in the
second group did not include information on the specific tests
performed in the clinical trials section of the SmPC. These
products generally included information on the diagnostic test
as supplementary information in the EPAR only.

This difference in reporting of diagnostic tests have recently
been addressed to some extent in the updated guidance of
assessment reports that ultimately make up the EPAR (22) to
take note of the upcoming changes introduced by the IVDR.
According to the guidance, the scientific rationale for selecting
the test and its analytical/clinical strategy should be considered
when editing the EPAR. These requirements exemplify the level
of evidence which should be considered for when there is a
requirement to use a CDx prior to initiating therapy in the EPAR.
Interestingly, referencing the CE-marked test is not mentioned
in the EPAR templates as relevant data to be included. The
focus of the assessment from a medicinal product perspective
is to provide the scientific rationale, analytical and clinical data,
as key indicators of the diagnostic tests reliability, which is
critical in the determination of benefit/risk of the medicinal
product. In the absence of commercially available CDx, more
detailed information on the performance of the CDx may be of
use to healthcare institutions with in-house testing capability.
However, the IVDR will also apply to healthcare institutions
and corresponding laboratories that develop, manufacture, and
use IVDs within their health institution (i.e., not available on
an industrial scale, so called in-house IVDs). These tests were
previously exempt under the IVDR. As in-house developed
tests can make up a large proportion of diagnostic tests
used in health institutions, often filling a gap where there
is no commercially available alternative or complement CE-
marked test kits, questions remain as to the impact of the
IVDR on in-house developed IVDs and whether their use
may be more restricted going forward if a CDx is available
commercially (23, 24).

As a minimum, it should be the case that a basic level of
information in terms of sensitivity/specificity or accuracy as

currently requested in the updated EPAR drafting guidance is
included in the SmPC and EPAR to facilitate clinical decision
making. Our results reveal that even for medicinal products that
require testing for the same biomarker, the level of CDx-related
information, was not consistent or even missing. In view of the
upcoming IVDR, and as CDx will be systematically reviewed
by medicines regulators, this provides an opportunity to ensure
consistent and transparent information on the key performance
criteria to be included in the EPAR and thus accessible to
the public. We expect that the information on CDx in the
respective medicinal product’s SmPC and EPAR will complement
the information on CDx available via the European database on
medical devices (EUDAMED) which is accessible for healthcare
professionals and patients; together this should contribute to
better safety for patients as all relevant information will be in the
public domain (25).

Grouping of Medicinal Products by
Biomarker
Besides the level of evidence included, uniformity of the
evidence is also relevant when providing information on IVDs
in SmPCs and EPARs, as this enables downstream decision
makers including health technology assessment (HTAs) bodies
and Health Care trusts to take informed decisions for the
implementation of an appropriate testing process. Consistent,
and clear provision of information should also aid in clinical
decisions and consequently patient’s safety. Consistency was
generally expected between medicinal products targeting the
same biomarker, particularly when authorised for the same
indication, while it is acknowledged that there may be some
divergence in those cases were the indication evolved or there
was a development in the availability of comparable biomarker
tests, or their routine use, over the years. Importantly, while
the indication of several medicinal products point to the same
biomarker (e.g., EGFR), the wording of the indication may
provide clarity whether or not prior diagnostic testing is required
even if not specifically included in section 4.2 of the SmPC. For
example, although necitumumab’s indication refers to “epidermal
growth factor receptor (EGFR) expressing squamous non-small
cell lung cancer”, it does not specifically require testing for
“epidermal growth factor receptor (EGFR)-activating mutations”
as required for both dacomitinib and osimertinib; the latter two
requiring the use of a CDx.

In addition, when the wording of the SmPC does not imply a
mandatory test, it leaves room for prescribers to decide whether
or not to use an IVD (17) and it could potentially lead to off-
label prescribing; any consequences of such use of medicinal
products may appear as part of safety reporting requirements
or could be captured as part of risk management strategy.
Clinical trials of personalised medicinal products are frequently
conducted in patients selected by biomarker, therefore, the safety
and effectiveness of the therapeutic product may be different
when used in any other subpopulation.

Since there is currently no publicly available database or
website that provides information on available CDx in Europe,
consistency in the wording used when describing IVDs and or the
need for a CDx is critical when providing guidance to healthcare
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professionals. In this regard, regulators play a major role in being
comprehensive and consistent in their labelling terminology (26).
In the SmPCs, “validated test” was regularly used to indicate the
requirement to test patients for the presence (or absence) or a
specific biomarker before prescribing a medicinal product. In the
case of lumacaftor, the SmPC makes reference to a “validated
genotyping method” to screen for a mutation in the CFTR gene.
Although this may indicate that a CDx is required based on the
term “validated”, the assay is in fact routine for the identification
of patients suitable for treatment and therefore is not considered
a CDx leaving local health trusts the liberty to implement the
most suitable process. For patients and prescribers this difference
may be difficult to discern.

Additional information on the testing for a specific biomarker
could also help ensure HCPs and patients understand the
rationale for the biomarker and subsequent CDx and prompt
conversations between HCPs and patients on what may be
a suitable therapy. Wang et al. (27) reviewed labels in FDA
approved medicines which described the use of a biomarker,
and found that the majority did not provide convincing
evidence to support clinical utility of the biomarker testing
recommendations. To achieve this in the EU, succinct but
comprehensive biomarker data as background for CDx would be
welcome (15).

EMA-FDA Comparison
The EU centralised products associated with a CDx included
in this study are discussed in comparison to the FDA
approved/cleared diagnostic tests.

There was a high level of congruence between EMA and
FDA for medicinal products that require a CDx, since the
therapeutic indications granted by both Agencies is often
identical, applications for medicinal products are usually
reviewed in parallel, share the same developer and are based on
the same or similar evidence and therefore the same diagnostic
tests are used in the pivotal clinical trials. Of interest, since CDx
requires FDA approval, this information can be accessed via the
FDAwebsite, and reveals if there is more than one CDx approved
to be used in relation to a particular medicinal product; in the EU,
currently only the assay that was used for the initial development
would be referenced in EMA documents.

In the cases where a validated test was required per the EU
SmPC but not according to the US product information, it is
generally differences in the therapeutic indication that explain
the discrepancy: in certain cases, EMA’s indication is limited to
a specific population (which may be biomarker based) while
FDA’s indication is broader. This is for example the case with
inotuzumab which is authorised in the EU for patients with
CD22-positive B cell precursor ALL, whereas FDA approved it
for any patient with B-cell precursor ALL.

As noted already, currently in the EU there is no one location
available for CDx information to be found in contrast to FDA
that provides more transparency with respect to CDx. This is
expected to change with the introduction of IVDR; indeed,
there will be more transparency on medical devices available
on the EU via an extended scope of the European database

on medical devices (EUDAMED), the IT system developed
by the European Commission and by EMA as a registration,
collaborative, notification and dissemination system (open to the
public) for medical devices, as well as a systematic review of CDx
in conjunction with associated medicinal products which will
result in more detailed information to be published as part of
European public assessment reports.

CONCLUSION

The overall findings of this study show that reporting of CDx
by EMA is transparent but that there is room for improvement.
One way to achieve this is by increasing the level of evidence in
the SmPC and EPAR, including on the biomarker itself, which
would provide other decision makers a more complete picture
for decision making. The information should also be provided
more consistently across medicinal products in the respective
SmPCs and EPARs, using coherent language, unequivocally
identifying whether pre-treatment testing and a given CDx is
required particularly for medicinal products targeting the same
biomarker-driven patient population. Although, it is important
to bear in mind that divergences in reporting can be legitimate,
even between products using the same biomarker and indication,
as the new diagnostics and clinical practises develop.

The new IVDR offers the opportunity for EMA to increase
consistency and information on biomarkers in future EPAR
and SmPC guidance. The IVDR should also facilitate the
identification of the CDxs associated with approved medicinal
products in the EU. With the personalisation of medicines,
harmonisation and consistency in the information available on
CDx in medicinal products labelling will become increasingly
important to help improve the understanding and appropriate
use of medicine by healthcare professionals and patients.
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5-FU, 5-fluorouracil
ALL, Acute lymphoblastic leukaemia
ALK, Anaplastic lymphoma kinase
AML, Acute myeloid leukaemia
BRAF, v-raf murine sarcoma viral oncogene homolog B1
BRCA, Breast cancer gene
CDx, Companion diagnostics
CPS, Combined positive score
CRC, Colorectal cancer
ctDNA, Circulating tumour DNA
CTL, Comprehensive thyroid and lung
EOC, Epithelial ovarian cancer
EGFR, Epidermal growth factor receptor
Ems, Extensive metabolisers
EPAR, European Public Assessment Report
ETV6, Translocation-Ets-leukemia virus
EU, European Union
EUDAMED, European database on medical devices
FACS, Fluorescence activated cell sorting
FDA, Food and Drug Administration (US)
FLT3, FMS-like tyrosine kinase 3
FTC, Fallopian tube cancer
GD1, Gaucher disease type 1
HER2, Human epidermal growth factor receptor 2
HNSCC, Head and neck squamous cell carcinoma
HTA, Health technology assessment
IHC, Immunohistochemistry
Ims, Intermediate metabolisers

ITD, Internal tandem duplication
IVD, In vitro diagnostics
IVDR, IVD Regulation
FISH, Fluorescence in situ hybridization
LOH, Loss of heterozygosity
MAA, Marketing authorization application
MRD, Minimal residual disease
MSI-H/dMMR, Microsatellite instability-high/mismatch
repair deficient
MSK-IMPACT, Integrated mutation profiling of actionable
cancer targets
NGS, Next-generation sequencing
NSCLC, Non-small-cell lung cancer
NTRK, Neurotrophic Tyrosine Receptor Kinase
OS, Overall survival
PCR, Polymerase chain reaction
PD-L1, Programmed death-ligand 1
Ph+, Philadelphia chromosome positive
PFS, Progression-free survival
PI, Product information
PMs, Poor Metabolisers
PPC, Primary peritoneal cancer
SmPC, Summary of Products Characteristics
RGS, Reflection grating spectrometer
TKD, Tyrosine kinase domain
TKI, Tyrosine kinase inhibitor
TNBC, Triple-negative breast cancer
TPS, Tumour proportion score
UC, Urothelial carcinoma
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In recent years, post-approval changes (PACs) for medicinal products have increased

faster than the national regulatory agencies can attend to without causing any negative

impact. This study presents a proposal for regulatory management based on our analysis

of the data available from the national regulatory agencies of Latin America on the total

post-approval changes evaluated, and the time spent in the process. A retrospective

search on the official websites of competent national regulatory authorities (NRAs) of

14 Latin American countries (México, Guatemala, Nicaragua, Honduras, El Salvador,

Panamá, Costa Rica, Venezuela, Colombia, Ecuador, Peru, Argentina, Chile and Brazil)

was conducted to collect data on post-approval changes in the last 4–6 years, up to

January 2021. The NRAs considered were Brazil, México, Colombia, and Costa Rica.

Our analysis was focused on the post-approval changes that required approval before

implementation, those that were submitted, and those that were submitted and approved

for small molecules, biologics, and biotechnological products. The results indicated

differences in the regulatory processes and procedures applied by the different agencies.

We also found that the implementation of the PACs was directly impacted by limited

resources, which puts the medication supply for chronic treatments at risk resulting in

serious consequences for patients. For local decision-making, Latin American NRAs

should implement regulatory pathways already made by regulatory agencies included

in the World Health Organization Listed Authorities on PAC approval to optimize their

resources and to ensure the continuity of medicine supply for their patients.

Keywords: post-approval changes, reliance, recognition, national regulatory agencies, quality risk management
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INTRODUCTION

Chemistry, Manufacturing, and Controls (CMC) changes in
medicinal products are inevitable regardless of their type,
category, or characteristics. They can be observed in the form
of a technological transfer to the final manufacturer of the
products during the developmental phase, changing technical
needs due to new findings during the product lifecycle, and
continuous improvement in the manufacturing processes and
product characteristics (1).

Thus, regulations demand a careful evaluation of all changes
and proper follow up in the context of regulatory pathways,
regardless of whether it is a drug under investigation or a
commercial product. To guarantee the quality, safety, and efficacy
of the product, leveraging both product and process knowledge
as well as the use of a risk-based approach should allow
sponsors to achieve the best path for post-approval change (PAC)
implementation and regulators to optimize resources through
accelerated regulatory pathways (2).

In a recently published report by the Pan American Health
Organization (PAHO) (3), it was declared that the marketing
authorization in the Latin American national regulatory
authorities (NRAs) of regional reference is a complex area, which
poses a number of challenges for regulators at present and will
continue to do so in the future. The NRAs tend to devote a
significant share of staff resources to marketing authorization.
However, growingmarkets will generate more associated lifecycle
demands (4). As a result, the number of PACs submitted has
piled up through the years, creating a large backlog that can
take a significant amount of time to be cleared by even the
largest and most well-funded authorities (3). This challenge
demands more resources from all NRAs (whomust be using their
limited resources efficiently), considering that CMC processes
are crucial in guaranteeing the optimal quality, safety, and
efficacy of the medicines distributed in their countries. One
pathway that should be covered in order to achieve optimization
would be through the regulatory reliance on the assessment and
approvals performed and granted by the Stringent Regulatory
Authorities of the product’s manufacturing countries [described
in the World Health Organization (WHO) List of Stringent
Regulatory Authorities].

The WHO, which finds and fosters the best capabilities of
NRAs to promote the standardization concept and its principles

Abbreviations: ANMAT, National Administration of Drugs, Food, and Medical
Devices-Argentina; ANVISA, National Health Surveillance Agency-Brazil;
COFEPRIS, Federal Commission for Protection against Health Risks-México;
CMC, Chemistry, Manufacturing, and Controls; CPP, Critical Process Parameters;
EMA, European Medicines Agency; FDA, United States Food and Drug
Administration; GMP, Good Manufacturing Practices; ICH, International Council
for Standardization of Technical Requirements for Pharmaceuticals for Human
Use; INVIMA, National Food and Drug Surveillance Institute-Colombia; ISP,
Public Health Institute-Chile; LATAM, Latin America; NRA, National Regulatory
Agency; NRAr, National Regulatory Agency of Reference; PAC, Post-approval
change; PAHO, Pan American Health Organization; PIC/S, Pharmaceutical
Inspection Co-operation Scheme; QA, Quality Assurance; QC, Quality Control;
QMS, Quality Management System; QRS, Quality Risk System; QTPP, Quality
Target Product Profile; SRA, Stringent Regulatory Agency; WHO, World Health
Organization; WLA, WHO Listed Authorities.

around the world, has raised the need for reviewing the
classification level of regulatory agencies. For this reason, it issued
a robust and unique version of the “WHO Global Benchmarking
Tool” for the evaluation of the national regulatory systems of
medical products (5). It also evaluates and publicly designates
regulatory authorities as WHO Listed Authorities (WLA) after
going through a more demanding process (6). WHO developed
these guidelines in response to the barriers and gaps that impact
the regulatory systems, cause inefficiency, and limit access to safe,
effective, and quality medical products.

The designation of a regulatory authority as a WLA is
ultimatelymeant to promote access to the supply of safe, effective,
and quality medical products by facilitating reliance on the work
and decisions of trusted agencies in the regulatory decision-
making process to reduce the extra work and wastage of limited
financial resources.

In this context, an NRA receives the classification Level
4 (this is the NRA with regulatory systems operating at an
advanced level of performance and continuous improvement)
(6), if its regulatory processes, evaluations, and decision-
making fall within Good Regulatory Practices (7) based on the
nine principles: legality, consistency, independence, impartiality,
proportionality, flexibility, clarity, efficiency, and transparency.
The NRA should also have a robust and well-functioning
quality management system (QMS). This system includes the
application of quality risk management (QRM) principles to
support regulatory authorities in achieving greater credibility
for their decisions. QMS contributes to systematic planning,
control, and improved quality in all processes throughout all the
regulatory functions and ensures a comprehensive approach for
all the processes involved (7).

For its part, PAHO (8) had previously recognized eight
national regulatory authorities of regional reference (NRAr)
based on its own tool. In 2019 it recognized the National
Administration of Drugs, Foods and Medical Devices
(ANMAT) of Argentina; the National Health Surveillance
Agency (ANVISA) of Brazil; the Center for State Control of
Drugs, Equipment, and Medical Devices of Cuba; the Federal
Commission for Protection against Health Risks (COFEPRIS)
of México; Health Canada; the Public Health Institute (ISP)
of Chile; the National Food and Drug Surveillance Institute
(INVIMA) of Colombia; and the United States Food and Drug
Administration (US FDA) in this context. Some of them have
started exchanging information related to good manufacturing
practices through a virtual platform known as the “Regulatory
Exchange Platform–Secure.”

By considering risk quality management an essential part of
good manufacturing practice along with other related guidelines,
this proposal aims to consider the possible mechanisms that
can be implemented among Latin American countries. Our
primary purpose is to provide recommendations for the more
efficient management of the PACs and ensure the planned
supply flow of pharmaceutical (small molecules), biological, and
biotechnological products in the NRAs of less mature countries.
Specifically, for this proposal, statistical data related to PACs and
posted on the NRAs websites of four Latin American countries
(Brazil, México, Colombia, and Costa Rica), were extracted and
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analyzed. One of them is an active member of the International
Council for Standardization of Technical Requirements for
Pharmaceuticals for Human Use (ICH) Management Committee
(Brazil), and two others are ICH Observers (México and
Colombia). This analysis was supported by the regulatory
framework and the criteria for classification of PACs, in the
countries of the Stringent Regulatory Agencies, based on risk
quality management.

For several years, some of Latin America’s NRAs have
maintained dynamic control and improved their processes,
performing routine data collection and publishing reports related
to the volume of submissions and ongoing internal processes
approved, delivered, or rejected, which involves new registrations
and the PACs.

However, not all countries in the region have available data
on their official websites. There were discrepancies found among
health agencies in how the data are registered as well as in
their reporting periods because some authorities report for a
period of 3–4 years, while others report the data every year; this
poses a challenge that should be overcome when conducting an
objective analysis.

Under this scenario, 4 (ANVISA-Brazil, COFEPRIS-México,
INVIMA-Colombia and Ministry of Health-Costa Rica) out of
14 agencies were selected, with the available data related to PACs.

To encourage Latin American NRAs to optimize their
resources and ensure the continuity of medicine supply for their
patients, we also aimed to implement regulatory pathways such
as the recognition of local decision-making by the regulatory
agencies already included in the WLA concerning the issue
of PAC approval. Our approach is based on QRM applied by
the manufacturer, confirmed during the good manufacturing
practices (GMP) inspection under strict compliance with the
guidelines of the WHO and the ICH, which guarantees efficacy,
safety, and supply of medicine.

MATERIALS AND METHODS

To perform this analysis, the official websites of competent
NRAs from 14 Latin American countries (México, Guatemala,
Nicaragua, Honduras, El Salvador, Panamá, Costa Rica,
Venezuela, Colombia, Ecuador, Peru, Argentina, Chile, Brazil)
were systematically reviewed, and a retrospective search of
available data related to PACs evaluated or submitted during
the last 4–6 years until January 2021 was done. After reviewing
and validating the data with a Sanofi Regulatory team from each
country and experts searching for information on the websites,
the agencies to be included in this analysis were, specifically,
ANVISA-Brazil, COFEPRIS-México, INVIMA, and Ministry of
Health-Costa Rica.

It is important to mention that the Caribbean Islands were not
included in this search of data reported.

Since common criteria in the available data collected from
these regulatory agencies was not found (neither in the definition
of the type of product nor in PAC classification), the analysis
focused on:

PACs that require approval before implementation

PACs submitted
PACs submitted and approved
Synthetic, biologic, and biotechnological products
In this sense, the detailed information used for the analysis is

as follows:

ANVISA-Brazil
Classification of PAC: Minor and Major

Type of products (ANVISA definition): Synthetic, Generics,
Technology-Biologics, Biologics

Data available: (9) Total PACs evaluated, and Time (days)
reported from 2016 to 2021∗.

Period: 2016-Jan 2021
∗This period is the last period updated available in the

ANVISA website up until January 2021.

COFEPRIS-México
The data available was collected only from 2011 until 2016 since
there was no data reported after 2016 (10). That is why we
only included in this analysis data collected during 2014, 2015
and 2016.

Type of product (COFEPRIS definition): IV (sale under
medical prescription), VI (sale Over the Counter).

Data available: PACs approved are reported annually.
Target Time for evaluation: 45 days (11).

INVIMA-Colombia: (12)
There was no data on PACs submitted for public use as evaluated
and approved in Colombia.

Thus, our analysis was based on the Ministry of Health and
Social Protection report involving PACs evaluated by INVIMA
from 2000 until 2020.

Data used: PAC submission data extracted from the Ministry
of Health and Social Protection report (12).

Type of product: Not defined
Period: 2000–2020

Costa Rica-Ministry of Health: (13)
Type of products: Small molecules and biologics

Data available: PACs submitted per year
Period: 2017–2020
Target Time for evaluation: (13) Small molecules-73 days;

biological products-62 days

For each country involved, the data analyzed was
the following:

Total number of PACs processed or submitted during
the study period, according to the data collected by each
regulatory agency.

Average time of assessment after submission annually. We
considered a scenario of uniform distribution of the PACs
between the years of data collection (considering months
consisting of 20 working days) to calculate the number of months
required by the regulatory authority to complete the assessment
before implementation of the PAC.

The focus of this analysis was the calculation of the total
number of PACs evaluated per year and the time (in days
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and months) spent by each NRA to process the PACs. Our
analysis also evaluated how the current PAC process impacted
the implementation of continuous improvement required to
guarantee the quality, safety, and efficacy of pharmaceutical
products and their supply. With the exception of ANVISA, all
countries included in this analysis did not differentiate between
PACs Ia/Ib or lower and PACs type II or higher (according
to EMA and FDA classification). There was also a delay in
implementing PACs that only require notification in the country
of manufacture until emission and reception of approval from
the regulatory authorities of the Latin American country where it
is commercialized.

Our analysis is complemented by the assessment of
publicly available regulations and guidelines regarding
the requirements to guarantee the products’ quality,
efficacy, and safety as a fundamental support for
regulatory decision-making.

RESULTS

ANVISA-Brazil
Period of Analysis: January 2016–January 2021 (9)

ANVISA started data collection in 2016 by classifying PACs
as minor and major for synthetic (small drugs), generic,
and biological products, similarly to the EMA and FDA
classifications. ANVISA has registered a particular classification
specifically for biological products, named “technologic biologic
products” (Biotechnology) which has been quantified as a major
PAC category for this analysis.

Until January 2021, a total of 47.182 PACs was evaluated (most
of them generic products), with a time of 2,953 days invested by
the regulatory agency team. Please see Figure 1.

When the time spent assessing major PACs per category of the
product is analyzed, 15% was spent on major synthetic products
(small drugs) (total 444 days) while 17%was spent on technologic
biologic products (Biotechnology) (total 513 days). Please see
Figure 2.

Considering that a month has 20 workdays, approximately
47.85 months is necessary for assessing major PACs, distributed
across 22.2 months for major PACs of synthetic products and
25.65 months for technologic biologic products.

COFEPRIS-México
Period of Analysis: 2014–2016 (10)

Data collected was related to products classified in categories
IV and VI, with Category IV products approved to be sold
only with a medical prescription (Rx) and Category VI products
approved to be sold Over the Counter.

A total of 1272 PACs was approved during these years (∼424
per year), with a significant percentage of PACs being approved
related to Category IV products used to treat several types of
chronic diseases. Even though there is little information related
to the time spent for approval or on the kind of products
included in group IV, neither data was available. Concerning the
submissions processed after 2016, we can infer that the number
of PACs submitted has increased over the years considering the
new marketing authorization issued by COFEPRIS as well as
the continuous improvement of processes during the lifecycle of
sold products.

It is important to highlight that AMIIF (a Mexican trade
association) (11) reported on its website that there were 441
PACs waiting for approval during the time that the data was
analyzed. Based on the average per year calculated with data
collected by COFEPRIS during 2014–2016 (∼424 per year),

FIGURE 1 | Post-approval changes processed in Brazil (2016−2020).

Frontiers in Medicine | www.frontiersin.org 4 November 2021 | Volume 8 | Article 768376142

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Rodriguez and De Lucia PACs in Latin-America: Regulatory Convergence

FIGURE 2 | Post-approval changes timeline (Days), per PAC type by product’s category. Brazil 2016–2020.

FIGURE 3 | Post-approval changes processed in Mexico (2014–2016).

we can consider that the COFEPRIS spent ∼1 year of work
on PAC matters, with a possible negative impact on the

implementation of these PACs and the supply of these therapies.
Please see Figures 3, 4.
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FIGURE 4 | Post-approval changes processed in México.

FIGURE 5 | Modification, authorization, and certification of requests for small molecules in Colombia 2015–2020. Source: Invima 2020.

INVIMA-Colombia
Period of Analysis: 2000–2020

The Ministry of Health and Social Protection (along with
INVIMA) published a final report on the evaluation of the

regulation reviewed, with regards to Decree 677 published in
1995 (12).

This report documents the results obtained after assessment
by the Ministry of Health, INVIMA, and the World Bank on
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FIGURE 6 | Post-approval changes submitted in Costa Rica (2017–2020) small molecules.

the current regulations. The results indicate that a total of
36,319 submissions (comprising new products and renewals)
were processed during the analyzed period, with new products
comprising 62.7% (22,780 submissions) of the total. This report
also highlights an increase in PAC’s submission throughout
the years, which overloaded the INVIMA and impacted the
availability of products, as we can see in Figure 5, taken from the
report (12).

Costa Rica-Ministry of Health
Period of Analysis: 2017–2020 (13)

Costa Rica is a member of the Regulation Technical
Committee of Central America (Reglamento Técnico Centro
América). According to the RTCA 11.03.64:11, PACs are
classified into two types: one is related to the changes that require
approval from the NRA before implementation (it involves a
majority of PACs related to quality, efficacy and safety), while
the other is related to changes that only require the NRA to
be notified concerning their implementation, which comprises
primarily minor issues like the change of material/dimensions
of the secondary packaging, change of the primary and
secondary package label design, discontinuations of registered
presentations, changes in the product safety information, and the
change or broadening of the distributors. Please see Figure 6.

After reviewing the last 4 years, a total of 16,269 PACs on small
molecules and Biologics products were evaluated.

In 2017, the NRA of this country processed more than 4,500
PACs of small drugs, while they processed more than 3,600
PACs in 2019. The average time spent assessing PACs related
to technical information in this group of products was 73 days
per submission (14), 13 days more than the timeline required by
the regulations. Please see Figure 7.

With regards to the biologic products, the number of PACs
submitted in 2020 was 43.15% higher compared to 2018 and
13.96% higher compared to 2019. Each PAC required an average
of 62 days to be completely assessed.

DISCUSSION

The results obtained clearly show a need to optimize regulatory
mechanisms and procedures applied in Latin America by NRAs
regarding the management of PACs. They should consider the
QRM system implemented by the Pharmaceutical Industry and
the Stringent Regulatory Authorities, as an essential factor in
maintaining good quality, safety, and efficacy on the basis of the
regulatory framework described as follows.

BASIC PRINCIPLES TO GUARANTEE THE
QUALITY, EFFICACY, AND SAFETY OF
PHARMACEUTICAL PRODUCTS
INCLUDED IN THE REGULATORY
FRAMEWORK SUPPORTING THE
ISSUANCE OF GOOD MANUFACTURING
PRACTICE CERTIFICATES AND THE
CRITERIA TO CLASSIFY AND EVALUATE
PACS FOR THE REGULATORY AGENCIES
INCLUDED IN THE WLA

Good Manufacturing Practices are based on the QMS and QRM
according to regulations established by WHO and ICH. They
help ensure the main of quality, safety, and efficacy parameters
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FIGURE 7 | Post-approval changes submitted in Costa Rica (2017–2020) biologics.

that all medicinal products should meet. We will review some
documents on the subject as issued by them.

World Health Organization (WHO)
The 54th meeting of the WHO Expert Committee on
Specifications for Pharmaceutical Preparations (ECSPP) was held
in Geneva, Switzerland, from 14 to 18 October 2019. Annex 5
on QMS requirements for national inspectorates is defined as
follows: (15).

Quality Management System
An appropriate infrastructure encompassing the organizational
structure, procedures, processes, resources, and systematic
actions necessaries to show robust evidence documented to
ensure confidence with regards to a product or service to satisfy
requirements for quality.

A documented change management system should be
established to ensure that changes requests are assessed,
approved, or rejected; that appropriate resources are allocated;
and roles and responsibilities defined. Any change should
be documented, communicated to the personnel, and
evaluated after implementation, to ensure objectives are
met. The change management system should ensure that
continuous improvement is undertaken in a timely and
effective manner.

It is also important to highlight that appropriate quality
indicators and methods should be established to monitor and

periodically evaluate the inspectorate processes and level of
improvement and service (including contracted-out services)
to demonstrate that they were performed as planned and they
have met the parameters predefined as the Fifty-fourth Report
Quality Objectives in WHO Technical Report Series No. 1025
by the Expert Committee on Specifications for Pharmaceutical
Preparations (15). These quality indicators, methods, analyses,
and results should be documented. The results of the analyses
should be used to evaluate the performance and effectiveness of
the QMS, the adequacy of actions taken to address risks, and the
need for further improvement.

Annex 2: WHO Good Manufacturing Practices for

Pharmaceutical Products: Main Principles: This

Document Mentions the Following
1. Quality management is a wide-ranging concept covering all

matters that individually or collectively influence the quality
of a product. It is the totality of the arrangements made with
the object of ensuring that pharmaceutical products are of the
quality required for their intended use. Quality management,
therefore, incorporates GMP and other factors, including
those outside the scope of this guide, such as product design
and development (16).

2. GMP Is Aimed Primarily at Managing and Minimizing the
Risks Inherent in PharmaceuticalManufacturing to Ensure the
Quality, Safety, and Efficacy of Products.
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Annex 3: WHO Good Manufacturing Practices for

Biological Products This Document Highlights the

Following
1. The concepts of QA, GMP, QC, and QRM (17) are

interrelated aspects of quality management and should be the
responsibility of all personnel.

2. The system of QA appropriate to the manufacture of
pharmaceutical products should ensure that there is a system
for approving changes that may impact product quality.
Regular evaluations of the quality of pharmaceutical products
should also be conducted to verify the consistency of the
process and ensure its continuous improvement; there is also
a system for QRM.

Changes are an essential part of the lifecycle of the products in
constant improvement. That is why theWHO considers the need
formanufacturing sites to have an appropriate QMS to ensure the
QRM receives the GMP Certificate.

International Council for Standardization of
Technical Requirements on
Pharmaceuticals for Human Use (ICH)
Guidelines ICH Q9 and ICH Q10
According to the ICH Q9 (18), QRM can be applied to different
aspects of pharmaceutical quality. These aspects include not
only development, manufacturing, and distribution, but also
the inspection and submission/review processes throughout
the lifecycle of drug substances, drug (medicinal) products,
biological, and biotechnological products on the use of raw
materials, solvents, excipients, packaging and labeling materials.

ICH Q10 (19) mentions that the use of “QRM” can improve
the decision-making processes from development, technical
transfer, and manufacturing to PACs, and throughout the entire
product life cycle. The QRM is strongly linked to the concept
of Knowledge Management, where the Quality Target Product
Profile (QTPP) is defined, including Critical Quality Attributes
during the design and Critical Process Parameters (CPP) in
the manufacturing process design, to identify and predict all
possible variations occurring during and after the escalation to
commercial batches.

Guideline ICH Q12
This guideline demonstrates how an increase in production and
process knowledge can contribute to a more precise and accurate
understanding of which PACs require regulatory submission
and emphasizes the importance of an effective pharmaceutical
quality system in the management of changes during the product
lifecycle. Such management will eventually reduce unnecessary
expenses and time burdens on the industry and regulators.
In the meantime, reliable access to high quality medicinal
products for patients is assured while continuous improvement
is supported. This may result in decreased variability of products
and in increased manufacturing efficiency. Implementation of
this guideline can also mitigate drug shortages related to
manufacturing and quality issues and facilitate the introduction
of innovations in manufacturing.

ICH has been ensuring access to therapies while guaranteeing,
through the guidelines issued, the quality, safety, and efficacy
of drugs. They also minimize the risks in each step involved
from the development through the clinical investigation, from
manufacture until the final product use.

Applying ICH Q9, Q10, and Q12 (20) principles, as
proposed by the One-Voice-of-Quality Group (the Chief
Quality Officers of 25 multi-national pharmaceutical companies)
(2) should enable pharmaceutical companies to report to
regulators only the PACs which really need to be assessed.
If manufacturers can demonstrate that they have an effective
QMS for managing PACs (as defined by PIC/s), many PACs
can be managed internally without waiting for prior approval
from regulators.

Standardizing the classification of reporting categories by
creating a “notification” category where it does not already exist
is also important. This move would enable regulators to be
informed of minor ormoderate PACs, as defined under ICHQ12,
and avoid delaying the implementation of such PACs by ensuring
they are not mistakenly classified as major PACs. It would also
ensure appropriate consistency with the way PACs are managed
by the Stringent Regulatory Authorities.

In this sense, a common understanding and application of
QRM principles could facilitate mutual confidence and promote
more consistent decisions among regulators, based on the
same information. This collaboration could be important in
developing policies and guidelines integrating and supporting
QRM practices.

It is important to mention that participation in international
standardization and convergence initiatives can help to
strengthen regulatory systems (3).

A good example of this would be the EMA and FDA
because both NRAs have based their regulations on the QRM
and adopting PAC classification according to the risk level for
health and the impact on the quality, safety, and efficacy of
the medicinal products, as well as implementing an annual
system of notification regarding modifications classified as minor
importance. This process can be implemented without previous
approval of what has happened during this period (particularly
by the EMA) based on the mutual recognition principle, which
establishes that the evaluation of a variation that requires
approval from some countries members must be done by one
of the NRA involved and that the assessment and decision
be adopted by the other regulatory authorities to reduce work
duplication (21, 22).

Another important forum is the Pharmaceutical Inspection
Co-operation Scheme (PIC/S), which supports regulatory
inspections by developing common standards in the field of GMP
and ensuring that those standards are consistently implemented
across their jurisdictions (3).

Proposals
The use of reliance (23) or recognition in the assessment and
decision-making on the PACs by the Stringent regulatory agency
in the country of origin can be a good practice of convergent
strategies recommended to NRAs of Latin American countries to
improve the efficiency of the regulatory processes implemented

Frontiers in Medicine | www.frontiersin.org 9 November 2021 | Volume 8 | Article 768376147

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Rodriguez and De Lucia PACs in Latin-America: Regulatory Convergence

during the lifecycle of the pharmaceutical products. This would
guarantee the quality, safety and efficacy of therapies, minimizing
the shortage of medications, and ensuring the required access for
all patients.

Considering the mechanisms or agreements established for
local regulations, the proposal consists of the following steps:

1. The LATAM NRAs adopt reliance or recognition from the
Stringent Regulatory Agencies (SRA) in the respective country
of origins.

2. Regional Strategy: once the PAC is approved following the
reliance or recognition process by a Level 4 LATAM NRA
according to PAHO classifications, the other NRAs in the
region could follow suit. Please see Figure 8.

The basis of this suggestion is the capacity of the regulatory
authority in the country of origin to validate and certify
implementation and proper functioning of the effective
pharmaceutical quality system (involving the QRM) according to
recommendations established in the ICH and WHO Guidelines.
This suggestion also considers that COFEPRIS-MÉXICO,
ANVISA-Brazil, INVIMA-Colombia, ISPE-Chile, and ANMAT-
Argentina are regulatory agencies recognized as NRAr by PAHO
in Latin America.

The principle of recognition mentioned is supported and
described in the REGLAMENT (EC) No 1234/2008 OF
THE COMMISSION OF NOV 24th, 2008: Commission
REGLAMENT (EC) No 1234/2008 concerns the examination of
variations to the terms of marketing authorization for medicinal
products for human and veterinary use (21), to reduce work
duplication in case the PAC requires approval from more than
one country member.

Reliance promotes a more efficient approach to regulation,
thereby improving access to quality-assured, effective, and safe
medical products. It can take many forms and can be applied
to varying degrees while recognizing or considering assessments,
decisions, or authorized information from other authorities and
institutions (23).

This proposal can only be implemented if the product
approved and sold in each Latin American country has
the same formula, manufacturing process, specifications, and
analytical method certified by the person responsible for the
product’s manufacture.

By adapting these elements into the Latin America NRA
regulations, resources and energy can be focused on the most
important PACs while PACs with minor to moderate potential
impact on the product quality, safety and efficacy can be
processed much quicker.

We confirmed the differences in the regulatory processes
and procedures among the NRAs through the data collected
from the NRAs in Brazil, Colombia, México, and Costa Rica.
We also looked at how limited resources directly impact the
implementation of the PACs, which puts the medication supply
for chronic treatments at risk and subsequently results in serious
consequences for patients.

Benefits obtained through the implementation of
these proposals:

• Patient Benefits:

◦ Availability of therapies, and a lower risk of back orders
which ensures a continuous supply of crucial medicines.

◦ Facilitation of access to innovative therapies.
◦ Treatments with compliant quality, safety, and efficacy

within established parameters.

• LATAM Reference regulatory agency Benefits:

◦ Process optimization.
◦ Improvement of timeline approval and

implementation times.
◦ Updated real-time dossiers aligned with the

manufacturing country.
◦ Increased of technical and scientific capabilities
◦ Standardization of criteria related to PACs with Stringent

Regulatory Agency.

• LATAM NRAs Agency Benefits:

◦ Optimization of resources used in other areas of interest
such as anti-counterfeiting and pharmacovigilance.

◦ Updated real-time dossier aligned with the manufacturer
and the NRA used as reference.

◦ Quality dossier standardization among the countries.
◦ Standardization of criteria related to PACs around

the region.

• Health System Benefits:

◦ Reduction in shortage of critical therapies (oncology,
antibiotics, chronic therapies).

◦ Timely implementation of improved therapies with high
quality, efficacy, and safety.

• Pharmaceutical Industry benefits.

◦ Manufacture unification by product.
◦ Reduction of time needed to implement changes required

to improve the quality, safety, and efficacy of the product.
◦ Ensure timely supply of the product for each country

and reduces shortages and discontinuation of treatment
for patients.

CONCLUSION

In this analysis, we systematically reviewed all available NRA
official websites of LATAM countries. A potential limitation of
this analysis is the availability of PAC data from all NRAwebsites.
At the same time, some discrepancies among countries were
found in the data collected, which requires more attention from
NRAs in the region.

We observed clear differences in the regulatory frameworks
of different NRAs in Latin American countries vs. the agencies
included in the WLA (like the EMA and the FDA) with regards
to PAC classification. PACs classified as a minor variation or
Type Ia and Ib (by the FDA and EMA) can be implemented
immediately or after 30 days, respectively, by the manufacturer.
However, the situation is different in Latin America because
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FIGURE 8 | Proposed flowchart for applying reliance or recognition for PACs submitted for prior approval.

once PACs are approved by stringent agencies, some NRAs
must wait for approval or authorization which impacts the
manufacturers, and distribution centers, as well as causing other
supply issues.

Therefore, globally standardized and consistent regulatory
approaches to PACs as proposed in the WHO’s guidance
on variations (24), along with clear and consistent timelines
for assessment and approval of these PACs should lead to

improved predictability to manage them. There should also be
an improvement in resource-saving, a decrease of complexity
in managing global supply chains, a reduction of the risk for
drug shortages, and encouragement for companies to adopt
innovative technology to supply drugs manufactured with the
highest quality standards (25, 26).

Despite discrepancies in the data available, the analysis shows
that the time spent by NRAs per year to evaluate PACs should
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be considered a key performance indicator to evaluate NRAs
efficiency in terms of resource management. They can define a
target timeline for approval (not exceeding 6 months) without a
negative impact on the improvements required to guarantee the
quality, safety, and efficacy of pharmaceutical products and their
supply in the region.

Some recommendations proposed by PAHO in the current
report “REGULATORY SYSTEM STRENGTHENING IN THE
AMERICAS” (3) include:

• “TheNRAs need to prioritize regulatory life cyclemanagement
of products, finding ways to better handling them and
improving regulatory oversight using a holistic view of the
entire life cycle of the authorization, improving the allocation
of technical and human resources, and adopting electronic
tools to improve efficiency.

• To implement procedures that enable the use of reliance.
• To improve publicly available regulatory information as part

of good regulatory practices.
• To take advantage of available tools on GMP information.

Make better use of public databases, such as EudraGMDP and
WHO prequalification databases, to check the GMP status of
individual manufacturing sites.

• Trading of integration mechanisms can facilitate
regulatory strengthening.

• To develop legal and organizational frameworks.”

Agreements signed among NRAs of Latin American countries
and NRAs should be considered as the main element of any
legal frameworks.

Recommendations
The common mission between the Industry and NRAs is
to ensure that the available therapies should satisfy the
patient’s needs on time with optimal levels of quality, safety,
and efficacy.

It is crucial to emphasize the importance of adjusting
regulations to optimize the efficiency of the processes related to
the PACs of drug (medicinal), biological, and biotechnological
products by allowing the following:

1. the implementation of ICH Q9, Q10, Q12 principles based
on QRM and effective Quality Management Systems, so that
only the most significant PACs are submitted to regulators for
prior approval,

2. the standardization of the reporting classifications of PACs
with those of the Stringent Regulatory Authorities, so that the

implementation of PACs is consistently and timeously carried
out by manufacturers,

3. the setup of defined timelines for reviewing and approving
major PACs, not exceeding 6 months, and

4. the development of reliance and Recognition processes as
regulatory pathways.

There should also be built-in contingencies for the possibility
of fast-tracking as required, not only to face emergencies like
the COVID-19 pandemic but also to allow the continuous
improvement required to guarantee product quality, safety,
and efficacy.

There are some agreements between some National
Regulatory Agencies in Latin America with SRA, like the one
recently signed between EMA and ANVISA, the Confidential
Agreement signed between the Americas’NRAr (27), and
the agreements signed between México and EMA, FDA,
Switzerland, Australia and Canada, which can be referred
to while implementing this proposal and local regulations
are updated.

NRAs of Latin America should implement and optimize
their digital platforms if possible. Data collection and metrics
related to PACs should be evaluated annually to determine the
efficiency of the different measures, and to identify the changes
and improvements that need to be implemented in processes
and procedures.

Additionally, the Latin American agencies should also define
a target timeline for PAC approval and performance indicators to
improve efficiency.

This document provides the industry with views on the “Key
Principles” documents and gives a holistic vision of what is
needed to deliver timely and easily accessible medicinal products.
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After marketing authorisation, the development of a medicinal product often continues

with studies investigating new therapeutic indications. Positive results can potentially

lead to changes to the terms of the marketing authorisation, such as an extension of

therapeutic indication(s). These studies can be initiated and sponsored by the marketing

authorisation holder (MAH) or by others. When results from an investigator-initiated

trial suggest that an authorised medicinal product is safe and effective for a new

therapeutic indication, physicians may want to treat their patients with this medicinal

product. In such a situation, it is desirable to extend the therapeutic indication(s)

via the regulatory approval process, as this can facilitate patient access within the

European Union. There may however be challenges when the MAH did not conduct

the study and might not have access to the data. In this perspective, we focus on the

possibilities to extend the therapeutic indication(s) of an already authorised medicinal

product based on results from investigator-initiated trials. We address: (1) the advantages

of an extension of indication; (2) the regulatory requirements for a variation application;

(3) investigator-initiated trials as a basis for regulatory approval; (4) the role of the MAH

in extending the indication. With this article, we want to emphasize the importance of

a collaborative approach and dialogue between stakeholders with the aim to facilitate

access to effective medicinal products.
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INTRODUCTION

After marketing authorisation, the development of a medicinal product often continues with
studies investigating new therapeutic indications. Positive results can potentially lead to changes
to the terms of the marketing authorisation, such as an extension of therapeutic indication(s).
Studies investigating new therapeutic indications can be initiated and sponsored by the marketing
authorisation holder (MAH) or by others, such as academic researchers. Studies initiated by
academic researchers are referred to as “investigator-initiated studies,” and can be conducted
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independently or via different forms of collaboration with
the MAH. There are several examples of investigator-initiated
studies in the area of oncology, including the Drug Rediscovery
Protocol (DRUP).

The DRUP is an ongoing, national, prospective, multi-drug
and pan-cancer trial sponsored by the Netherlands Cancer
Institute (ClinicalTrials.gov Identifier: NCT02925234; EudraCT
Number: 2015-004398-33) (1). In the DRUP, 35 anti-cancer
medicinal products, including those still on-patent, are used
outside of the terms of their marketing authorisation to treat
treatment-exhausted patients withmetastatic cancer that harbour
an actionable oncogenic driver (1). van der Velden et al. reported
the study design and first treatment results in 2019 (1); in short,
a two-stage design was used for each cohort. As per protocol,
cohorts consisting of a tumour type, a molecular target and
a matched treatment were considered successful if ≥5 out of
24 patients had either complete or partial response, or absence
of disease progression for ≥16 weeks (1). Recently, Hoes et
al. presented the results of the first 500 patients, and showed
that the cohort of patients with microsatellite instable (MSI)
tumours treated with nivolumab, and the cohort of patients with
BRCA-positive tumours treated with olaparib were considered
successful (2).

Nivolumab and olaparib are authorised in the European
Union (EU), but not for the treatment of MSI tumours or for the
treatment of BRCA-positive tumours, respectively, i.e., so-called
tissue-agnostic indications. A third stage is added to the DRUP
that allows for partial reimbursement as well as confirmation
of the results observed in the earlier stages of the trial (3). The
nivolumab cohort already expanded to this stage, and similar
plans for olaparib are in an advanced phase. This performance-
based, personalised reimbursement scheme is currently running
as a pilot in the Netherlands (3). Yet, in other EU member
states, the unauthorised use of these medicinal products might
not be reimbursed.

When results from an investigator-initiated trial suggest
that an authorised medicinal product is safe and effective
for new therapeutic indications, physicians may want to treat
their patients with this medicinal product. In such a situation,
it is desirable to apply for an extension of the therapeutic
indication(s) via the regulatory approval process, as this can
facilitate patient access within the EU. To initiate this process for
(anti-cancer) medicinal products authorised via the centralised
procedure, the MAH needs to submit a variation application to
the European Medicines Agency (EMA). There may however be
challenges when the MAH did not conduct the study and might
not have access to the data. Here, the DRUP is used as an example
of an investigator-initiated trial, but it should be noted that the
adequacy of the dataset to support an extension of indication has
not formally been assessed by regulatory agencies.

On 23 June 2020, a Regulatory Science Network Netherlands
(RSNN) expert meeting that focussed on “Label modification
based on evidence deriving from investigator-initiated trials”
was held (4). During this meeting, the DRUP was used as an
example and the need to extend the therapeutic indication(s)
based on results from investigator-initiated trials, ownership
of data, and regulatory possibilities were discussed. Here, we

want to elaborate on the latter, as during the expert meeting it
became clear that more information on this topic is warranted.
Therefore, we consider it of relevance to further discuss the
possibilities concerning the addition of a new therapeutic
indication to an already authorised medicinal product based
on results from investigator-initiated trials. This will become
increasingly important as the growing experiences with precision
medicine, advancements in technology and use of innovative
trial designs (e.g., basket and umbrella trials) contribute more
efficient development of medicinal products, especially in the
field of oncology. We specifically focus on medicinal products
that are still on-patent and are approved via the centralised
procedure, but many aspects discussed below also apply to
off-patent medicinal products. This article is a collaborative
approach from authors with different affiliations, since this topic
concerns several stakeholders.

ADVANTAGES OF AN EXTENSION OF THE
THERAPEUTIC INDICATION

Reimbursement of off-label use depends on national health
insurance legislation. In most EU member states, reimbursement
is limited to approved therapeutic indication(s) (5). Hence,
when the benefit-risk balance could be considered positive,
an extension of the therapeutic indication(s) is warranted.
Importantly, an application for the addition of a new therapeutic
indication triggers an independent assessment of the efficacy
and safety data that are submitted. A new therapeutic indication
will be approved only if the benefit-risk balance is considered
positive by regulators. In addition, the benefit-risk balance is re-
evaluated on a continued basis taking into account potential new
safety findings in the post-marketing setting (6). Besides, liability
issues for prescribers can arise if a medicinal product causes
adverse reactions when used off-label, which can be prevented by
regulatory approval (5).

REGULATORY REQUIREMENTS FOR A
VARIATION APPLICATION

To extend the therapeutic indication(s) of a medicinal product
approved via the centralised procedure, the MAH has to submit
a type II variation application to the EMA (7). A variation
application concerning the addition of a new therapeutic
indication shall comply to the same standard data requirements
as for an initial marketing authorisation application (MAA)
with regards to the evidence required to demonstrate safety and
efficacy. Clinical standards and protocols in respect to the testing
of medicinal products are described in detail in Annex I of the
Directive 2001/83/EC (8). With regulatory purposes in mind,
data requirements would apply to any clinical trial, regardless of
its sponsor.

The type of evidence necessary to demonstrate the efficacy
and safety of a medicinal product are defined by EU law (9).
However, the amount of evidence that can be gathered will not
always be similar. For instance, the rarity of a disease, or even
the incidence of an actionable oncogenic driver, may impact
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the feasibility of conducting large randomised controlled trials
(RCTs). This has also been addressed in the EMA Committee for
Medicinal Products for Human Use (CHMP) draught guideline
on the clinical evaluation of anticancer medicinal products,
which includes a section on specific designs for specific situations
(10). While RCTs are still considered the gold standard for
the demonstration of efficacy and safety in a new therapeutic
indication, there are examples where results from trials with
alternative designs have supported a variation. For example, the
extension of indication for crizotinib to include treatment of
adult patients with ROS1-positive advanced non-small cell lung
cancer (NSCLC) was supported by results from a single-arm
trial, considering the high response rate observed and that ROS1-
positive NSCLC represents a rare, serious and life-threatening
distinct molecular subset (11). The scientific evaluation of a
variation application is done on a case-by-case basis, taking
into account all relevant factors, including those mentioned
above. Before submitting a variation application, the MAH could
consider to request scientific advice from regulatory authorities
to discuss the use of results from an investigator-initiated trial to
support the extension of indication.

INVESTIGATOR-INITIATED TRIALS AS A
BASIS FOR REGULATORY APPROVAL

The MAH does not have to be the sponsor of the clinical trial to
apply for an extension of indication, as long as he has access to
the data. For example, an extension of indication for rituximab
for the treatment of adult patients with pemphigus vulgaris was
supported by results from an investigator-initiated trial, and
the sponsor of the clinical trial transferred all necessary data
to the MAH before submission (12). Alternatively, if the MAH
does not have access to the data, bibliographic references can
be used to support a variation application. The pharmaceutical
legislation allows for mixed marketing authorisation applications
dossiers where parts of modules 4 (non-clinical reports) and/or 5
(clinical study reports) are replaced by bibliographical references
(9). An example is the extension of the indication for arsenic
trioxide in combination with all trans-retinoic acid for first-
line treatment of acute promyelocytic leukaemia (13). In this
variation, results were submitted in the form of bibliographic
references, but it is noteworthy that the data included in these
references were considered sufficiently detailed – allowing for a
thorough scientific evaluation.

Stakeholders other than the MAH cannot submit a
variation application concerning the addition of a new
therapeutic indication, since they are not the owner of the
marketing authorisation. The possibilities to evaluate data from
investigator-initiated trials by European regulators without the
involvement of the MAH have been discussed during several
meetings of the Commission Expert Group on Safe and Timely
Access to Medicines for Patients (STAMP) and during an ad
hoc session with stakeholders in the context of the development
of a framework for the repurposing of established medicines
(14). An opinion on a scientific matter can be drawn up by
the EMA/CHMP at the request of the Executive Director of

the Agency or the Commission representative without the
direct involvement of the MAH(s), namely via an Article 5(3)
procedure of Regulation (EC) No 726/2004 (15). However, this is
an exceptional procedure in emergency situations or where there
is a high public health interest on a focused scientific issue. In
September 2020, the EMA endorsed the use of dexamethasone in
hospitalised patients with COVID-19 based on the results from
the investigator-initiated RECOVERY trial, following an Article
5(3) procedure triggered by the Executive Director of the EMA
(16, 17). The EMA published that the new use for dexamethasone
can be added to the product licence upon request by a MAH (17).
Yet, following an Article 5(3) procedure, the MAH(s) would still
need to submit a variation application before any changes to the
terms of the marketing authorisation can be made, but the MAH
is not obligated to do this.

THE ROLE OF THE MAH IN EXTENDING
THE THERAPEUTIC INDICATION

As described by Rauh et al., the MAH remains a central player
when considering an extension of indication (18). Addressing
the various reasons why the MAH may, or may not, want
to apply for an extension of indication is outside the scope
of this article, but a few reasons that might influence the
preparedness of the MAH to apply for an extension of indication
are discussed below. The MAH would need to prepare and
submit an application, which costs time and resources, while
the outcome of the assessment is uncertain. It should be noted
that specific regulatory exclusivities exist in Europe to incentivize
companies to invest in the development of new indications
for authorised products (19). However, several criteria need to
be met for a product to be eligible for such incentives and
previous research has shown that the available incentives may
not be enough to stimulate the development of new indications
(20, 21). Also, the MAH may prioritise the development
of other products included in its pipeline or might simply
not be interested in extending the therapeutic indication(s)
because the new indication is outside their therapeutic focus.
In some EU countries, the pricing of the medicinal product
will be re-negotiated after a new therapeutic indication is
added to the terms of the marketing authorization (19). There
is a risk that the price of a medicinal product decreases
following the extension of indication (22), which may represent
a barrier for MAHs when considering the addition of a new
therapeutic indication.

DISCUSSION

When results from well-conducted investigator-initiated
trials establish that an authorised medicinal product can
be used outside the terms of the marketing authorisation,
patients should be given the opportunity to be treated
with such a medicinal product. Extending the therapeutic
indication(s) would allow an independent assessment of the
benefit-risk balance of a medicinal product in that specific
indication and approval may facilitate reimbursement.
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In addition, extending the therapeutic indication(s)
would decrease the gap between clinical practise and
regulatory approval.

It is important to discuss among stakeholders the regulatory
possibilities in case (robust) evidence on the use of a medicinal
product outside the therapeutic indication(s) emerges from
investigator-initiated trials, especially if there is an unmet
medical need. The MAHs should not be reluctant to use results
from investigator-initiated trials to support an extension of
indication, as long as standard regulatory requirements are met.
Therefore, early dialogue between regulators and the MAH to
discuss the proposed indication and the use of results from
investigator-initiated trials can be helpful, for instance via
scientific advice. In addition, the importance of scientific advice
was highlighted by the Commission Expert group STAMP as
a way to support academic researchers in designing pivotal
clinical trials that meet regulatory standards and generate
comprehensive data in the context of repurposing established
medicines (23), which is of importance if the trial has not
yet been initiated. It is essential to ensure that investigator-
initiated trials meet the standard quality requirements such
as good clinical practice, especially if these trials will be used
for regulatory purposes. In the context of future revision of
the pharmaceutical legislation, there is a need to consider a
mechanism to evaluate results from investigator-initiated trials
without the involvement of the MAH. This may stimulate MAHs
to submit a variation application after a positive opinion has been
issued at EU level.

In conclusion, it is possible to support an extension of
indication by results from investigator-initiated trials, but
regulatory requirements still need to be met. We want to
emphasise the importance of a collaborative approach and
dialogue between stakeholders with the aim to facilitate access
to effective medicinal products. In the end, the data tell the story
and should make the difference.
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The approval process for pharmaceuticals has always included a consideration of the

trade-offs between benefits and risks. Until recently, these trade-offs have been made

in panel discussions without using a decision model to explicitly consider what these

trade-offs might be. Recently, the EMA and the FDA have embraced Multi-Criteria

Decision Analysis (MCDA) as a methodology for making approval decisions. MCDA offers

an approach for improving the quality of these decisions and, in particular, by using

quantitative and qualitative data in a structured decision model to make trade-offs in

a logical, transparent and auditable way. This paper will review the recent use of MCDA

by the FDA and EMA and recommend its wider adoption by other National Regulatory

Authorities (NRAs) and the pharmaceutical industry.

Keywords: benefit-risk, regulatory science, decision analysis, regulatory affairs, drug approval process

INTRODUCTION

Many national regulatory authorities (NRAs) make decisions regarding the approval of new
medicinal products using a risk-based approach. However, they differ in the methodologies used to
weigh up the benefits, or desirable outcomes, of a medicine compared with the risks, or undesired
effects of the medicine (1). Indeed, many NRAs still rely on mostly qualitative approaches to
benefit-risk decision-making. With the recent trends towards greater transparency and inclusion
of the patient voice in regulatory decision-making, NRAs are moving towards more structured,
quantitative methods to support their benefit-risk decisions. While each NRA still maintains the
right tomake these decisions based on the individual circumstances that apply within their country,
more structured approaches will help contribute towards greater harmonisation and enable product
developers greater certainty in making their own internal decisions during the development of
new medicines.

BENEFIT-RISK ANALYSIS IN REGULATORY DECISION-MAKING

The science of benefit-risk analysis is rapidly evolving and there is no one consensus method in
use by various NRAs (2). Benefit-risk decisions made by NRAs take into account the efficacy and
safety evidence provided by the sponsor as well as the nature of the disease being treated, the
availability of other treatments for that disease and the ability to ensure the benefits outweigh the
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risks by utilising appropriate risk management tools (3–6).
The benefit-risk determination requires a thorough investigation
of the evidence, recognition of evidence gaps and careful
consideration of a wide range of factors. Many NRAs have
developed a qualitative framework for assessing the benefit-risk
profile of medicines. In some cases, the benefit-risk profile is
relatively straightforward to determine but in others it can be
difficult to make an appropriate judgement among the benefits
and risks for the population. In such cases, NRAs may resort
to more quantitative methodologies to determine the benefit vs.
risk balance.

The use of structured benefit-risk evaluations by NRAs
has increased in line with the maturing of the benefit-
risk science (7–9). In 2012, the International Council for
Harmonisation of Technical Requirements for Pharmaceuticals
for Human use (ICH) updated the Periodic Safety Update
Report (PSUR) to the Periodic Benefit-Risk Evaluation
Report (PBRER), which placed greater emphasis on the
determination of the benefit-risk assessment for medicines,
rather than just acting as a safety update report (10). As the
new guideline (11) has been gradually adopted by NRAs,
an increase in reliance on formal benefit-risk assessment
procedures has been observed (12). The PBRER explicitly
notes that formal quantitative benefit-risk analysis may
be considered in the benefit-risk evaluation of a medicine
and that the methodology used should be included in the
PBRER report.

Qualitative and Quantitative Assessment
Methods
The Pharmaco-epidemiological Research on Outcomes of
Therapeutics by a European Consortium (PROTECT) project
was established in 2009 under the Innovative Medicines
Initiative (IMI) and the project ran until 2015 (13). One
of the outcomes of the project was to review various
benefit-risk frameworks (2, 14). These were classified as
either descriptive or quantitative. Descriptive frameworks
included PrOACT-URL (14), Benefit Risk Action Team
(BRAT) (15), Ashby and Smith framework (16), Consortium
On Benefit and Risk Assessment (COBRA) framework (17),
the FDA’s Benefit-Risk framework (18), and a Universal
Methodology for Benefit-Risk Assessment (UMBRA) (19).
Quantitative frameworks included Multicriteria Decision
analysis (MCDA) (20), Stochastic Multi-attribute Acceptability
Analysis (SMAA) (21), decision tree model (22), and Markov
decision process (23). The outcome of the project was a
recommendation for further testing and consideration of
the PrOACT-URL, BRAT, MCDA and SMAA frameworks in
benefit-risk determinations.

Recently, Kurzinger et al. (7) reviewed the published literature
on the use of structured benefit-risk assessment methods in drug
development. They conclude that regulators and industry are
increasingly relying on descriptive frameworks supplemented by
quantitative methods. However, there is still confusion on how
and when to use these frameworks and how to integrate patient
perspectives in the benefit-risk process.

TABLE 1 | High level MCDA process [adapted from (20)].

Define problem

Agree alternatives (options) Agree

criteria

Score alternatives against criteria

Weight criteria

Combine scores and weights using a simple algorithm to produce an overall

score for each alternative

Conduct sensitivity analysis

Produce final recommendation

Multi-Criteria Decision Analysis (MCDA)
Participants in the IMI-PROTECT project were free to use,
independently, any of the frameworks in testing the different
approaches, but it is notable that all six of the drugs they
modelled applied MCDA. This is the approach we will elaborate
here. Multi-criteria analysis (MCA) is a way of helping people
manage complex decision-making processes. MCA techniques
can be used to identify a preferred option, rank those options
or distinguish an acceptable from an unacceptable option (20).
Multi-criteria decision analysis (MCDA) is one form of MCA.
MCDA aims to provide an order to various options, from most
preferred to least preferred. It acts as an aid to thinking and
decision-making and enables greater coherence in the decision-
making process. The core technical elements of an MCDA
model are the alternatives (e.g., a drug at varying doses vs. a
placebo), the criteria (the individual attributes that will be used
to determine if one alternative is better than another) and weights
(which reflect the relative importance of the attributes once they
have been scored). A simple algorithm that is soundly based
on decision theory (24) is then used to combine these scores
and produce an ordered list. MCDA also addresses the social
elements of the decision process. By making the scoring of each
alternative against the criteria an explicit process, it encourages
discussion amongst decision makers in a productive way. This
is particularly important in situations where data are limited,
or the implications of the data are unclear. It also allows for
the inclusion of the views of diverse stakeholder groups, such as
patient groups (7). The same process applies to the determination
of weights. Furthermore, if there are differences of opinion these
can be addressed through sensitivity analysis which determines
whether those differences are material and if so helps to resolve
those differences. The process can be summarised as shown in
Table 1.

CASE STUDIES OF RECENT DECISIONS

EMA
The European Medicines Agency (EMA) undertook a benefit-
risk project in 2009–2011 with the aim to improve the way
committees’ assessment reports present benefit-risk assessments.
This project resulted in the development of internal tools for
determining and presenting benefit-risk and the inclusion of a
benefit-risk effects table in the assessment report documents.
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The EMA benefit-risk project determined that decision analysis
provided a theoretically sound basis for quantifying favourable
and unfavourable effects, as well as clinical relevance and its
associated uncertainties. A review of different methodologies for
determining benefit-risk concluded that MCDA was a “logical,
coherent model for decisions with multiple objectives” and
could handle uncertainties (25). From this the EMA selected the
PrOACT-URL descriptive framework. An overview of this model
is depicted in Table 2.

The EMA has used this model in their decision-making
processes since then. They supplement it with quantitative
methods such as MCDA, particularly when the benefit-risk
decision is complex and there are many factors to take into
consideration in coming to their conclusion (27, 28). One
example where they have used PrOACT-URL supplemented
with MCDA was when they were reviewing the extension of
indications for quadrivalent human papillomavirus recombinant
vaccine (Gardasil) to include “prevention of premalignant anal
lesions and anal cancer” (29). The sponsor included a PrOACT-
URL/MCDA analysis to support their proposal that the benefits
of vaccination in the general population outweighed the potential
risks associated with the vaccine in males. This approach
was used to overcome limitations in the “number needed to
vaccinate” vs. the “number needed to harm” metrics commonly
used to evaluate vaccines. The MCDA modelling compared the
vaccine to no vaccination. External experts were consulted in
building the model. Benefit and risk data were transformed
linearly into 0–100 preference values and criteria were weighted
to ensure equal units on all scales so that sums of the weighted
scores could compare the vaccine to no vaccine. The model
suggested a superior benefit-risk score of 66 for the vaccine
compared with 46 for no vaccination. Various sensitivity analyses
were performed on the model but they resulted in little change to
the overall benefit-risk scores (29).

Marcelon et al. (30) modelled a quantitative benefit-risk
assessment of the same quadrivalent human papillomavirus
recombinant vaccine in males for the additional indication of
preventing anal cancer. They established a decision context to
define the objective of the assessment then identified the key
benefits and risks in a value tree and developed an effects table,
weighed the various values and used that to determine the
benefit-risk balance. Their analysis showed a positive benefit-
risk balance with prevention of anal cancer and genital warts
being the most beneficial effects. Increasing serious adverse
effects to hypersensitivity reactions did not appreciably alter the
benefit-risk balance for the vaccine. The benefits of the MCDA
methodology were apparent with a clear ability to make the way
benefits and risks are assessed much more transparent (30).

FDA
The FDA uses a structured benefit-risk framework based on an
analysis of the evidence and uncertainties for four dimensions:
analysis of the condition, current treatment options, benefit,
risk and risk management (31–33). The framework will be
supported by a guidance document on benefit-risk assessment
for new drug and biological products, which is currently
undergoing consultation (18, 34). The focus of this framework

is on qualitative analysis, but more recently the FDA has
applied structured quantitative approaches, such as MCDA, to
challenging decisions. Indeed, the FDA has established aDecision
Support and Analysis Team within the Office of Program
and Strategic Analysis to support benefit-risk analysis within
the organisation.

In a recent decision on ticagrelor, for the first time the FDA
applied MCDA to develop a more robust decision model (34–
36). The process followed the steps set out in Table 1 above.
Ticagrelor had originally been approved by the FDA in 2011
for secondary prevention of cardiovascular events. The 2019
THEMIS (The Effect of Ticagrelor on Health Outcomes in
Diabetes Mellitus Patients Intervention Study) project provided
additional data that led to the approval of ticagrelor for
reducing the risk of first myocardial infarction in patients with
coronary artery disease. However, the benefit-risk balance was
not clear. The FDA applied MCDA to assist with clarifying the
sensitivities involved in the decision. The analysis focused on
the performance of the drug and the placebo on six criteria
(cardiovascular death, myocardial infarction, ischemic stroke,
fatal bleed, intracranial haemorrhage and other major bleeds).
The effect of ticagrelor and the placebo were scored on each
of these criteria, using data from the THEMIS project. A
group of experts worked together on the weighting step in
the MCDA process to develop explicit quantitative trade-offs
between these criteria. Combining the weights and the criteria
scores in the MCDA algorithm produced an overall value for
the alternatives. Importantly, because all steps involved explicit
quantitative judgements, a sensitivity analysis could easily be
conducted to explore contentious points in greater detail. The
overall conclusion of the MCDA analysis showed that ticagrelor
could be used for primary prevention in patients with high risk
of cardiovascular events, and it subsequently was approved.

Lackey (35) contains important insights into the value of
the MCDA approach taken by the FDA: data could be used to
score performance of the alternatives against the criteria; the
process allowed a diverse group of experts to work together
to develop weights that represented the trade-offs between the
criteria; assumptions could be identified and tested; sensitivity
analysis provided deeper insights into the issues, especially the
trade-offs between criteria; and the process provided a level of
transparency not usually available when trade-offs are implicit.

MCDA IN DRUG DEVELOPMENT

As a quantitative and structured form of decision-making,
MCDA has significant applicability for including the patient
voice in regulatory decisions. There has been a rise in the call
for great inclusion and visibility of the patient perspective in
regulatory processes due to their unique perspectives on living
with a disease (37–39). The ICH has recently released a reflection
paper on the need for NRAs and drug developers to incorporate
the patient perspective during early-stage drug development and
throughout the lifecycle of the medicine (40). This will also feed
into the revision of the Good Clinical Practise (GCP) guideline
as part of their GCP renovation project (41). Of importance
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TABLE 2 | PrOACT-URL framework [adapted from (26)].

Step Details

Problem Determine the nature of the problem and its context

Objectives Identify objectives that indicate the overall purposes to be achieved

Alternatives Identify the options to be evaluated against the criteria

Consequences Describe how the alternatives perform on the criteria, ie, the magnitude of the favourable and unfavourable effects

Trade-offs Assess the balance between the favourable and unfavourable effects

Uncertainty Consider how the balance changes when taking into consideration the uncertainty associated with the consequences. This may be facilitated

using a secondary effects table.

Risk Attitude Judge the relative importance of the Agency’s risk attitude for the medicine under consideration

Linked

decisions

Consider the consistency of the decision with past decisions

to the benefit-risk decision is the incorporation of the patient’s
perspectives on the benefits and the adverse effects that matter
most to them.

The EMA has a well-established framework for the
incorporation of the patient perspective into the regulatory
decision-making process and provide an annual report on
stakeholder engagement (42). They have recently hosted a
symposium on new approaches in patient-focused cancer drug
development, with a focus on generation and incorporation
of real-world evidence into the regulatory decision-making
process (43).

The FDA has focused on patient focused drug development
in recent years following the twenty-first Century Cures Act and
the FDA Reauthorization Act, both of which required the FDA to
do so. Specifically, Sections 3001-3004 of the twenty-first Century
Cures Act requires the FDA to include a statement regarding
patient experience data used at the time of registration, produce
guidance documents on how to collect patient experience data to
be used for benefit-risk evaluation of therapeutic products and
for the FDA to make reports on their use of patient experience
(44). As a result, the FDA has established a number of guidances
and information on their website (45, 46).

Additionally, MCDA has practical use in conjunction with
various machine learning algorithms for big data analysis in early
stage drug development (47–49); as a tool for making critical
decisions during drug development (50–52); in health technology
assessment decisions (53, 54) or to aid patient decisions
regarding their choice of treatment (55). Structured benefit-risk
frameworks are beginning to be utilised more often by industry
(56, 57), although a lack of a globally-harmonised framework
has limited diffusion of structured benefit-risk decision by
industry (58).

RECOMMENDATIONS

We propose the use of an MCDA-based framework in benefit-
risk decision making by national regulatory authorities in a move
towards greater harmonisation of the benefit-risk assessment
across jurisdictions. This will provide greater certainty for
sponsors of medicines and aid them in developing their
registration dossiers for new products.

We recommend that sponsors and others involved in the
development of new medicines should utilise such structured
decision-making when developing new medicines as this
will facilitate the streamlining of innovation in medicines
development. Greater structure around critical “go/no-
go” decision points during product development will help
organisations make rational decisions about whether they should
proceed, abandon or re-focus their development programs.

We recommend that MCDA be utilised to provide a
quantitative way of incorporating the patient voice into drug
development and regulatory decisions.

DISCUSSION

The examples above demonstrate the potential for MCDA as an
approach to benefit-risk decision making by NRAs and by others
involved in pharmaceutical development. The main advantages
of MCDA are:

The MCDA process is transparent. Alternatives and criteria
are clearly specified. Judgements at all stages (scoring of
alternatives against criteria, weighting, sensitivity analysis) are
quantitative and explicit. Sensitivity analyses explore the extent
to which any individual disagreements affect the final results,
which enables the group to agree about the output while
preserving individual differences in the inputs. All inputs to
an MCDA are the products of the decision conference group
and not attributable to any one individual participant in the
decision conference.

TheMCDA process is auditable and updatable. Any interested
stakeholder can examine the process at any point and review each
step in the process. Specifically, any trade-offs (e.g., about the
relative importance of criteria) are captured quantitatively in the
model and can be analysed. Also, as new data becomes available,
it can easily be incorporated into the model.

The MCDA process can include a broad range of inputs
(e.g., clinical data, proxy data, patient experience, uncertainty).
This is particularly valuable for those wishing to include patient
experience data explicitly into the decision process. It is very
useful in situations where experts need to work with imperfect or
incomplete data sets. In these situations, subjective judgements
can be made explicitly rather than implicitly.
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The MCDA process leverages a contemporary understanding
of human cognitive processes. It allows experts to do what they
do best (make explicit judgements of effects against clear criteria
and make trade-offs about the relative importance of criteria)
and uses a simple algorithm to combine these judgements in a
transparent way.

The MCDA process assists groups of experts to arrive at
conclusions by forcing explicit judgements so that points of
agreement and differences in opinion can be easily seen and
discussed. Sensitivity analysis allows more detailed analysis
of points of difference to surface assumptions that underpin
judgements and to make the final decision process more robust.

MCDA has been used in the pharmaceutical domain for
several decades, but only recently has it been adopted by NRAs
for benefit-risk decisions. Application of this approach has also
increased in other parts of the pharmaceutical andmedical device
development process. As more examples emerge, there will be

the opportunity to share learning and to develop best practise
for NRA benefit-risk decisions and for other uses. Because of the
transparency that is a hallmark of the MCDA process, there is the
chance to harmonise approaches across geographies which would
assist with the efficiency and robustness of decisionmaking for all
involved in drug development.
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In Japan, a law called the Clinical Trials Act went into being effective on April 1, 2018,

and clinical research on human subjects conducted in Japan has been undergone major

changes. Those other than clinical trials for marketing approval of drugs or medical

devices are broadly classified into “specific clinical trials” and others, and regulations

have been tightened for each. As a result, clinical interventional study was drastically

reduced, and observational clinical study increased. For the observational clinical study,

the two previous ethical guidelines were merged into the “Ethical Guidelines for Medical

and Biological Research Involving Human Subjects,” which was enacted in March 2021.

The observational clinical study is now subjected to these ethical guidelines. In addition,

changes are planned for the Act on the Protection of Personal Information, which greatly

affects data collection in clinical research. Clinical research in Japan must be conducted

appropriately while adapting to these various changes in the external environment and

legal framework. Adapting to these changes is not an easy task, as it requires increased

financial and human resources for all stakeholders.

Keywords: clinical research, clinical trial, Japan, regulation, regulatory science

INTRODUCTION

Advances and developments in medical technology lead to higher quality medical care and better
health for people. The creation and reinforcement of evidence based on clinical research are
important for the development of medicine. In spite of this, clinical research in Japan is insufficient
in terms of the related systems and implementation mechanisms and has therefore fallen behind
Europe and the United States (1, 2). After the Diovan scandal, a misconduct case related to a
post-marketing clinical trial of an antihypertensive agent, valsartan in 2012 and similar scandals
involving the clinical research at that time (3), trust in the clinical research conducted in Japan was
lost (4, 5). Since then, to regain trust in clinical research, industries, government, and academia have
been united in their efforts to ensure the reliability and scientific soundness of clinical research,
improve the mechanisms used to implement research, and create and revise laws and other
regulations that support these changes. Against this background, in recent years, legal measures
and policies related to clinical research are being strengthened in Japan.

The legal system concerning clinical research in Japan consists mainly of two laws or guidelines.
One is the Clinical Trials Act (“Rinsho-Kenkyuu hou” in Japanese) for interventional research (6),
which was established in April 2018. The other is an ethical guideline for medical research, such
as observational clinical studies. This guideline is known as the Ethical Guidelines for Medical and
Biological Research Involving Human Subjects (9), which was developed by merging the existing
Ethical Guidelines for Medical Research Involving Human Subjects (7) and the Ethical Guidelines
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for Human Genome/Analysis Research (8). The new merged
guideline was announced in March 2021. The Clinical Trials
Act for interventional research was established in April 2018,
and over 3 years have passed since its establishment. Although
stakeholders such as researchers, medical institutions, and
pharmaceutical companies that conduct interventional research
are required to understand and appropriately comply with
this Act, it is believed that there is still room for making
further improvements in the Act. As the Clinical Trials Act was
originally created for purpose of restoring trust in the clinical
research conducted in Japan after several scandals, it requires
bigger changes and more careful handling to be carried out by
stakeholders, such as medical institutions and pharmaceutical
companies than those required under the regulations stipulated
by the existing ethical guidelines. While these changes were
appropriate in some cases, in others, they simply led to increase
in paperwork and complexity. The enactment of the Clinical
Trials Act has caused continuing confusion at institutions where
research is conducted; however, in general, it has led to the
reduction of outdated habits, changes in ways of thinking, and
improvements in clinical research operations as well as in the
relationship between pharmaceutical companies and medical
institutions. Based on this, I believe that the Clinical Trials Act
currently remains effective in improving the clinical research
conducted in Japan. It has been <1 year since the establishment
of the Ethical Guidelines for Medical and Biological Research
Involving Human Subjects, which targets clinical research other
than interventional research, such as observational clinical
studies. It can be expected that issues related to the handling of
these guidelines will be brought up in the future, but the issue
related to the definition of “observational clinical studies” has
already been pointed out as a problem. Therefore, researchers,
medical institutions, and pharmaceutical companies will search
for better ways to carry out the clinical research in Japan.

In this paper, we provide an overview of the history of
legal regulations related to clinical research and discuss the
responsibilities and roles played by various stakeholders in Japan.
The objective is to point out the current issues in the legal
system and guidelines related to the Japanese clinical research and
discuss the future direction of clinical research in Japan.

1. The types of clinical research

Clinical research is a part of medical research that is conducted
for determining the causes and treatment of diseases; making
improvements for disease prevention, diagnosis, and treatment;
and improving the quality of life of patients. Clinical research
naturally involves human subjects. There are a variety of
definitions of “clinical research” and none of them has
become the established definition; however, it is believed
that clinical research can be classified into the following
four types:

(1) Clinical interventional study: research related to the
development of medicines, treatments, therapeutic methods,
and drugs.

(2) Prognostic factor clinical study: research that investigates
factors that predict patient prognoses.

(3) Epidemiological clinical study: research that investigates the
causes of diseases.

(4) Validity clinical study: known as a validation study, this
research assesses tests and surveys.

Prospective clinical research includes interventional studies
involving interventions, such as drugs; medical devices;
surgery; radiation, exercise, and diet therapies as well as non-
interventional studies or observational studies, which do not
involve any intervention. Specially in Japan, prospective clinical
research conducted for obtaining approval to manufacture and
market drugs and medical devices is known as a “clinical trial
for the approval of drugs or medical devices” (“Chiken” in
Japanese). Chiken fall under the regulations of Japanese Good
Clinical Practice (J-GCP) which is more stringent guideline
than international guideline for GCP (ICH-GCP). As a result
of the establishment of the Clinical Trials Act in 2018, clinical
research that involved interventions other than Chiken and was
conducted under previously existing ethical guidelines that also
need to comply with the new law.

2. Legal regulations related to clinical research

In Japan, the first legal regulation related to clinical research
other than Chiken consisted of guidance in the form of ethical
guidelines for each type of study, i.e., observational clinical study,
clinical research, and human genome/analysis research.

The first regulation was the Ethical Guidelines for Human
Genome/Analysis Research (8) developed in 2001. In addition,
the Ethical Guidelines for Epidemiological Clinical Study (10),
which targeted observational clinical studies conducted in the
field of epidemiology, was developed in June 2002. The Ethical
Guidelines for Clinical Research (11) was developed in 2003
and covered clinical research other than those mentioned above.
Thus, each type of clinical research was conducted in accordance
with one of the above ethical guidelines. Subsequently, from
around 2011, problems, such as overlapping guidelines and
uncertainties regarding the guideline that should be followed
when conducting research that would fall under multiple ethical
guidelines were brought up. Further, in the wake of the 2012
Diovan incident (3), a review of ethical guidelines was conducted;
in December 2014, the Ethical Guidelines for Epidemiological
Clinical Study (10) and the Ethical Guidelines for Clinical
Research (11) were merged, and the Ethical Guidelines for
Medical Research Involving Human Subjects (7) was officially
announced. Based on what was learned as a result of the Diovan
scandal, the legal system and financial aspects were reviewed,
which led to the enactment of the Clinical Trials Act for
interventional research in April 2018 (6). In addition, the Ethical
Guidelines for Medical Research Involving Human Subjects
(7) and the Ethical Guidelines for Human Genome/Analysis
Research (8) were merged, and the Ethical Guidelines forMedical
and Biological Research Involving Human Subjects (9) was
established in March 2021. Therefore, currently, the clinical
interventional research that receives funding from a company
and similar studies fall under the Clinical Trials Act (6) and
all other clinical research falls under the Ethical Guidelines for
Medical and Biological Research Involving Human Subjects (9).
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FIGURE 1 | Major steps for regulations and guidelines related to clinical research in Japan.

The main changes that the legal regulations related to clinical
research have undergone are shown in Figure 1.

“Clinical research” as defined by the Clinical Trials Act is
interventional research other than Chiken designed to identify
the efficacy or safety of drugs and other products through the
use of drugs, medical devices, etc., by people. The Clinical Trials
Act defines “specific clinical trials” (“Tokutei-Rinsho-Kenkyu”
in Japanese) as interventional trials on previously approved
drugs and medical devices that receive funding from companies,
clinical interventional studies on unapproved drugs and medical
devices, and interventional clinical research for off-label uses.
Specific clinical trials must be conducted in accordance with the
Clinical Trials Act, and medical institutions must have a research
system and all relevant standards established. In addition, when
conducting specific clinical trials, a Certified Review Board (CRB)
is required to inspect and approve the study, and the study
protocol must be submitted to the Ministry of Health, Labor,
and Welfare. As of July 1, 2021, 101 medical institutions have
CRBs. The medical institution or institutions conducting the
research and all researchers involved in the research must reveal
any conflict of interest (COI) related to the financial support
received from pharmaceutical companies. Prior to the enactment
of the Clinical Trials Act, it was not necessary in Japan to have
an established research system, obtain CRB approval after due
inspection, reveal COI, or submit any paperwork to the Ministry
of Health, Labor, and Welfare.

3. Implementation scheme and role allotment

The Clinical Trials Act assumes that the research initiative is
conducted by either a researcher or a researcher in cooperation
with a company. On the other hand, in cases of clinical research
on already approved drugs and medical devices that is conducted
by companies as post-marketing clinical trials or surveillance,
the research must be conducted in accordance with a risk
management plan (RMP) and the company must conduct the
research as the sponsor in Japan. Thus, based on the research
initiative, interventional clinical research in Japan is currently
carried out as one of the following three types:

(1) Investigator-initiated research.
(2) Joint research with company (investigator-initiated).
(3) Joint research with company (company-initiated).

As there must be a particular format for administrative
procedures and contracts, which are required during study
implementation, the Japan Pharmaceutical Industry Legal Affairs
Association (Ihoken) has established formats for contracts and
other documents used in each type of clinical research (12).

The research material, labor, and financial support that
companies may provide for conducting clinical research under
the Clinical Trials Act are detailed in Table 1. Regardless of the
type of clinical research, there are precautions stipulating that
companies cannot be involved in the selection of participating
centers; execution of any tasks related to applying for the
approval of Institutional Review Boards; submission of study
protocols to the Ministry of Health, Labor, and Welfare; and
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execution of activities, such as monitoring, supervision, data
management, or statistical analysis (13). Furthermore, while
there are guidelines related to financial support provided by
companies for clinical research that is not covered by the Clinical
Trials Act, there are currently no clear guidelines on the contents
and labor that companies can provide as support.

4. Current issues with the Clinical Trials Act

Although it has been a little over 3 years since the enactment
of the Clinical Trials Act, several issues related to the
implementation have been pointed out (14). Comparison of the
Clinical Trials Act to the regulations stipulated by the previous
ethical guidelines reveals a number of characteristic features.
Examples are listed below:

- The new category of clinical research known as “specific
clinical trials.”

- The establishment of CRBs, which allows centralized
inspection rather than inspections at each center.

- The shift in the responsibility of the research from the director
of the center to the principal investigator (researcher).

- The establishment of details regarding conflicts of interest.

A specific clinical trial is a clinical research that satisfies at least
one of the following: (1) Utilizes research funding provided
by the manufacturer and marketer of the drug for which the
research is being conducted, and (2) Utilizes drugs that are either
unapproved or are being used off-label. However, as clinical
settings are complex, there are a variety of questions regarding
the exact moment that a clinical trial begins. For example:

- Is a clinical trial with dose modifications for elderly or children
that are common in routine practice but strictly off-label
considered as a “specific clinical trial”?

- Are studies utilizing an old drug that is covered by insurance
for an off-label purpose considered “specific clinical trials”?

- Is it acceptable to not classify as a “specific clinical trial” an
“observational clinical study” whose funding is provided by
a pharmaceutical company in cases in which testing is not
performed during standard medical examinations or when a
higher number of examinations and tests are performed than
would be as a part of standard medical examinations?

- There are no issues on the study drug of the anticancer drugs
used in the study, but if the research funding is provided by
the company of the antiemetic agent used in the study, is it
acceptable to exclude from the “specific clinical trial”?

In addition, there are no clear guidelines regarding rules and the
allotment of responsibilities, which make it difficult to know how
to handle such issues.

For example, there is no single uniform way to make
judgments in cases wherein it would be better to obtain
the consent of the study participants for the purpose of
having a paper published by a leading journal. However,
according to the ethical guidelines, patients can opt out
of granting consent to participate in studies in which the
methods for gathering and reporting safety information, as
required for observational clinical studies, are not established

or in cases in which the requirements of the principal
investigator and medical institutions implementing the study
are not clear. There are also cases in which the monitor
conducts an excessive amount of source data verification. Finally,
there are examples in which companies are still involved
in the creation of protocols, selection of centers, analysis,
and case investigation even though they are prohibited from
doing so.

5. Current issues, future direction, and effort toward revising the
Clinical Trials Act

As little time has passed since the establishment of the
Ethical Guidelines for Medical and Biological Research Involving
Human Subjects, the issues with these guidelines have yet to
be clearly identified. However, 3 years have passed since the
Clinical Trials Act has been established, and discussions on how
to improve it are currently under way. Here, we will list several
points of dispute regarding the revision of the Clinical Trials Act,
its current state, and our opinion regarding the direction that the
improvements should take.

(1) The handling of observational clinical studies
Current Status

Although observational clinical studies are not subject to the
Clinical Trials Act, the definition of an observational clinical
study is not clear; therefore, there are cases that should not
necessarily be excluded from the regulations of the Act simply
because the researcher calls their study as an “observational
clinical study.” In particular, there are cases in which actions,
such as additional hospital visits for the purpose of the study,
the addition of measurement items, and collection of small
amounts of additional blood sampling are determined not to
be “the most appropriate medical care for the patient” and, as
a result, the CRB determines that the study should be classified
as a specific clinical trial.
Making Improvements

- The scope of application needs to clearly indicate
“interventional studies that utilize drugs, etc.”

- The definition of “observational clinical studies,” which are
excluded from the Act, needs to be revised.

(2) The concept of “sponsor”
Current Status

The principal investigators and all centers that are involved
in study implementation play the role of both a “sponsor”
and an “investigator.”
Making Improvements

- Each study should have one sponsor.
- Sponsors can be individuals, companies, research
institutions, or organizations.

- Sponsors are responsible for the implementation
of the study (e.g., regarding adverse event reports,
it should be determined by the sponsor whether
there is a causal relationship with test drugs or not,
and based on adverse event reports collected from
the participating investigators).
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TABLE 1 | The involvement of companies under the Clinical Trials Act in Japan.

Investigator-initiated clinical

research

Joint clinical research

Investigator-initiated Industry-initiated

Companies may – Post calls for research proposals on the Web or

other procedures

– Provide research funding under research contract

– Conduct feasibility check for a study

– Request progress and result reports from the

investigator as per the contract

– Request termination of the contract and return of

research funding in cases in which the progress of

the study is markedly delayed

– Conduct prior review of items scheduled to be

publicly announced

– Provide research funding under

research contract

– Conduct feasibility check for a study

– Be involved in creating the study

protocol

– Be involved in creating the statistical

analysis protocol

– Perform special analysis, etc. as a

part of a study, etc. and provide a

result report for that analysis

– Request progress and result reports

from the investigator as per the

contract

– Request termination of the contract

and return of research funding in

cases in which the progress of the

study is markedly delayed

– Participate in meetings with the

investigators

– Provide research funding under

research contract

– Conduct feasibility check for a study

– Create the study protocol

– Create the statistical analysis protocol

– Perform special analysis, etc. as a part

of a study, etc. and provide a result report

for that analysis

– Request progress and result reports per

the contract

– Request termination of the contract and

return of research funding in cases in

which the progress of the study is

markedly delayed

– Participate in meetings with

the investigator(s)

– Write the paper

Companies may not – Be involved in selection of the participating

investigational sites

– Request for research proposals from

the investigators

– Perform statistical analysis-related tasks

– Be involved in the analysis and discussion of the

research results

– Participate in meetings with the investigators

– Select the participating

investigational sites

– Request review to Certified Review

Board

– Submit notification of study protocol

to the Ministry of Health, Labour and

Welfare

– Monitoring and inspection

– Conduct data management

– Conduct statistical analysis

– Medical writing of reports

– Write the paper

– Select the participating

investigational sites

– Request review to Certified

Review Board

– Submit notification of study protocol to

the Ministry of Health, Labour and Welfare

– Monitoring and inspection

– Conduct data management

– Conduct statistical analysis

(3) CRB requirements
Current Status

There are many CRBs in Japan, and there exists a wide
disparity in the review standards, procedures, skills, and fees,
which means that there are cases in which the appropriate
review is not conducted.
Making Improvements

Based on the fact that there are disparities in the quality of
CRBs, in the future, the CRBs should be consolidated.

(4) The scope of applying the Clinical Trials Act in studies
involving medical devices
Current Status

“Off-label” refers to cases of usage that differs even slightly
from the approved, certified, or applied for usage, efficacy, and
performance. If “off-label,” then the study is subject to Chiken
or the Clinical Trials Act.
Making Improvements

With respect to the clinical research involving off-label medical
devices, cases in which the medical device can be regarded
as having the same level of risk as that determined when the
medical device in question received certification, the status
of the study should be investigated and the issue of whether

the study should be subjected to Chiken or the Clinical
Trials Act based on the results of that investigation should
be considered.

DISCUSSION AND CONCLUSION

In the wake of scandals involving clinical research, such as the
2012 Diovan scandal, efforts have been under way to ensure
the trustworthiness and scientific soundness of clinical research,
strengthen regulations and guidelines for clinical research, and
examine and adjust the regulations that support these changes
to regain trust in the Japanese clinical research. Against this
background, in recent years, legal measures and policies related
to clinical research have been taken in succession in Japan.
The Japanese medical institutions, pharmaceutical companies,
and stakeholders in regulatory agency must carry out clinical
research appropriately while adapting to a variety of external
environment-related and legal changes. Handling these changes
will not be easy as they entail increases in funding and human
resources. However, currently, clinical research in Japan is
undergoing major changes and working toward improvements.
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We expect that as a result of these improvements, the Japanese
clinical research will develop further and make additional
contributions toward medical progress.
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to Market for Oncology Drugs in
Canada: Challenges and
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Eligibility and Regulatory
Responsiveness
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Faculty of Health Sciences, Simon Fraser University, Burnaby, BC, Canada

International drug regulators use conditional drug approval mechanisms to facilitate faster

patient access to drugs based on a lower evidentiary standard typically required of drug

approvals. Faster and earlier access is justified by limiting eligibility to drugs intended for

serious and life-threatening diseases and by requiring post-market evidence collection

to confirm clinical benefit. One such mechanism in Canada, the Notice of Compliance

with Conditions (NOC/c) policy, was introduced in 1998. Today, most of the drugs

approved under the NOC/c policy are for oncology indications. We analyze oncology

drugs approvals under the NOC/c policy to inform discussions of two tradeoffs applied

to conditional drug approvals, eligibility criteria and post-market evidence. Our analysis

informs recommendations for Canada’s proposed regulatory reforms approach to

conditional approvals pathways. Our analysis demonstrates that under the current policy,

eligibility criteria are insufficiently defined, resulting in their inconsistent application by

Health Canada. Regulatory responsiveness to post-market evidence from post-market

clinical trial and foreign jurisdiction regulatory decisions is slow and insufficient. In the

absence of sufficient regulatory responsiveness, physicians and patients must make

clinical decisions without the benefit of the best available evidence. Together, our analysis

of the two core tradeoffs in Canada’s conditional drug approval provides insight to inform

the further development of Canada’s proposed agile regulatory approach to drugs and

devices that will expand the use of terms and conditions.

Keywords: conditional regulatory approval, drug regulation, oncology, unmet medical need, lifecycle regulation

INTRODUCTION

Drug regulators have introduced conditional drug approval pathways to accelerate patient access
to promising therapies since the 1990s. Though drugs approved under accelerated or conditional
pathways must still demonstrate a positive benefit-risk balance, approvals are based on lower
evidentiary standards than standard regulatory approval processes that evaluate safety and efficacy
(1–3). Due to the heightened risk to patients associated with approving drugs on earlier evidence,
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conditional pathways are justified by limiting eligibility, for
example, to drugs intended for serious and life-threatening
diseases or where there is unmet need (4). They further require
post-market evidence collection to confirm clinical benefit.
Accelerated and conditional approval pathways provide an
important channel for drugs to gain market access that may
be precluded under traditional regulatory approaches. However,
conditional drug approval pathways have drawn criticism for lack
of timely and appropriate enforcement, lack of transparency in
their application and processes, erosion of evidentiary thresholds,
loss of institutional trust, and increased patient risk without
proportionate justification (5–12).

Conditional drug approval mechanisms introduce greater
potential for risk by permitting increased flexibility in pre-market
evidence requirements and greater tolerance for uncertainty.
Studies in Canada and the US have found that drugs approved
under accelerated and conditional regulatory pathways are more
likely to receive post-market safety warnings (8, 13). This
increased risk is justified by post-market evidence collection
commitments and by limiting eligibility for conditional approval
to drugs and indications where patients may be willing to tolerate
risk. Rather thanmaking patients wait years to access a promising
therapy, conditional approval pathways permit patients to benefit
months or years earlier than theymight be able to if the drug were
required to meet traditional regulatory evidence standards. The
potential for patients to benefit from a promising therapy justifies
the added risks associated with the lower evidence threshold
at the time of approval. However, defining eligibility criteria to
ensure that only appropriate drugs are approved conditionally
has proved challenging. A review of drugs approved under
expedited pathways in Canada found that Health Canada’s ability
to identify promising drugs that offer major therapeutic benefit
is limited, suggesting that the pathways are not fulfilling their
expectations (14).

Here, we evaluate approvals under Canada’s conditional drug
approval pathway—the Notice of Compliance with Conditions
(NOC/c) policy (15) to inform discussions on eligibility criteria
and post-market evidence, administered by Canada’s drug
regulator, Health Canada. Our analysis is timely, because Health
Canada recently announced consultations on proposed reforms
toward agile regulation for drugs (16). We limit the scope of our
analysis to oncology drugs, which comprise themajority of recent
approvals under the policy (70% of approvals).

We first outline the conditional regulatory approval pathway
in Canada under the NOC/c policy. We then describe our
analytical approach and data acquisition, followed by our
findings on two regulatory challenges: (1) the application of
unmet medical need as an eligibility criterion, defined as either
no existing therapy or an improvement over an existing therapy;
and (2) the regulatory responsiveness of Health Canada to
post-market evidence, including evidence of regulatory action
in other jurisdictions, the status of post-market clinical trials,
and label changes following the submission of results from
confirmatory trials. Based on our analyses, we then consider
how the current NOC/c pathway can inform the development
of the proposed agile regulatory approach. Finally, we discuss
the limitations of our analysis and conclude that appropriate

eligibility criteria and enforcement of post-market commitments
will enable the proposed expanded use of post-market terms
and conditions.

CONDITIONAL REGULATORY APPROVAL
IN CANADA

Health Canada introduced its NOC/c policy in May 1998,
following the lead of the United States (US) Food and Drug
Administration’s (FDA) Accelerated Approval (AA) program.
The NOC/c policy is not enshrined in either the Food and
Drugs Act (17) or the Food and Drugs Regulations (FDR) (18).
Instead, the NOC/c pathway was implemented through the
NOC/c Policy Guidance Document [Guidance Document], a non-
legally binding instrument.

Like other accelerated approval pathways, the goals of the
NOC/c policy are to facilitate earlier access to drugs and
to permit enhanced post-market surveillance to monitor the
safety and efficacy of promising new therapies (15). To meet
these goals, eligible drugs need to demonstrate promising
evidence of efficacy, be indicated for a serious, life-threatening
or severely debilitating disease or condition, and address an
unmetmedical need, represented by either absence of an available
therapy or significant improvement over existing therapies (15).
In comparison, drugs approved under the standard approval
pathway must demonstrate “substantial evidence of clinical
effectiveness (18).” which typically requires two well-controlled
trials (19).

According to the Guidance Document, Health Canada has
flexibility and discretion to assess whether the eligibility criteria
are met. It can construe the promising nature of the drug from
“[t]rials with surrogate markers that require validation; Phase II
trials that would require confirmation with Phase III trials. . . ;
[or] Phase III trials where a single small to moderately sized
trial would require confirmation (15). It also has discretion over
whether a drugmeets either the serious or life-threatening disease
or severely debilitating disease threshold, although some diseases
are explicitly listed as serious conditions, including HIV/AIDS,
amyotrophic lateral sclerosis, and cancer. Severely debilitating
diseases may include chronic conditions such as inflammatory
bowel disease, asthma, depression, and rheumatoid arthritis. In
contrast, the NOC/c Policy does not specify how Health Canada
determines whether an existing therapy is available. Instead, it
provides guidance on acceptable metrics for whether a drug
provides an improvement in benefit/risk profile over an existing
therapy (15).

Under the NOC/c policy, sponsors must undertake to carry
out additional clinical trials to verify the clinical benefit,
defined as “outcomes that have an overall positive impact on
the treatment of a disease (15).” Other undertakings include
enhanced monitoring and reporting to Health Canada; provision
of educational materials to healthcare practitioners and patients;
and restrictions on advertising and labeling. Once a sponsor
provides Health Canada with satisfactory evidence of the drug’s
clinical effectiveness, and Health Canada is satisfied that all
conditions have been met, Health Canada will remove the
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conditions (15). However, until confirmation of clinical benefit,
public and private drug plans may or may not cover the costs of
drugs authorized under the NOC/c Policy.

Health Canada issues a Qualifying Notice to drugs that
have successfully navigated the NOC/c process, which
outlines the additional clinical evidence to be provided in
confirmatory studies, post-market surveillance responsibilities,
and requirements related to advertising, labeling, or distribution.
The sponsor must respond with the final Letter of Undertaking
(LoU), which contains details on how the Sponsor will meet
the conditions in four domains: well-designed confirmatory
trials to demonstrate clinical benefit; heightened post-market
surveillance and reporting on safety and effectiveness, including
whether actions have been taken in a foreign jurisdiction;
details related to product monographs, labeling and consumer
information; and compliance with restrictions on advertising or
distribution. Once Health Canada finalizes conditions specified
in the LoU, it will issue a Notice of Market Authorization with
Conditions, which highlights the conditional nature of the
authorization and is communicated through Health Canada’s
Health Product InfoWatch, a monthly regulatory publication
intended for health professionals (20). Submission of results
from confirmatory trials within the agreed-to timeframe results
in the transferal of the NOC/c approval to a standard NOC.
However, if all undertakings are not satisfied, or the sponsor
foresees an inability to adhere to the agreed upon timelines, a
new LoU must be submitted along with a letter that provides the
rationale for the changes (15).

Health Canada can use its enforcement capabilities in three
circumstances set out in the FDR when sponsors fail to comply
with any of the undertakings contained in the LoU. First, if the
evidence submitted as required by a LoU is not sufficient, Health
Canada may notify the sponsor and prohibit it from selling
the drug until sufficient evidence is submitted (15, 18). Second,
Health Canada may suspend the NOC/c if the confirmatory
trials fail to demonstrate clinical benefit or if the confirmatory
trials raise safety concerns (18). Third, Health Canada can
take action if the sponsor fails to comply with post-market
labeling (18). Health Canada also has the discretion to restrict
the patient population for which the drug was authorized,
restrict distribution, disseminate further educational material for
informed use, or enhance post-market surveillance analysis, on
a case-by-case basis (15). For example, ponatinib was subject
to a controlled distribution program that required prescribers
to complete a certification and register prior to prescribing
ponatinib (21).

In July 2021, Health Canada released a Notice of Intent
to amend the Food and Drug Regulations and the Medical
Devices Regulations to support regulatory agility (Notice of Intent)
(16). The amendments are part of a broader modernization
initiative toward lifecycle regulation, which trade static, one-
time assessments for iterative review throughout a drug’s
lifespan (22, 23). Amendments under consideration include
authorizing the Federal Minister of Health to impose terms
and conditions on drug and medical device approvals, based
on experience with the NOC/c policy. Terms and conditions
will apply predominantly, but not exclusively, to drugs that

address a serious or severely debilitating disease or condition and
emergencies. Notably, the broader implementation of terms and
conditions is not intended to enable drug submissions that do not
meet the regulatory requirements. This intention suggests that
the flexibility afforded under the current NOC/c policy may not
continue, but the lack of detail in the Notice of Intent does not
enable a fulsome evaluation of the impact of proposed regulations
on regulatory approval processes in Canada. It is therefore
timely to consider the benefits and limitations of the existing
NOC/c process to inform the development of the new agile
regulatory framework.

ANALYTICAL APPROACH

We compiled a comprehensive list of all drugs approved under
the NOC/c policy by searching multiple databases, because
Health Canada does not maintain a single, up-to-date list of
all drugs approved under the NOC/c policy. We searched
the publicly available list of drugs on Health Canada’s NOC/c
webpage (24), the NOC database (25), Health Canada’s Drug
and Health Product Register (26), Health Canada’s Drug and
Health Product Submissions Under Review Database (27),
and archived versions of Health Canada’s NOC/c webpage
from the Wayback Machine, a digital archive of internet
webpages (28). The Wayback Machine permitted us to include
NOC/c information that was previously posted on Health
Canada’s websites, but has since been deleted or removed.
We included all approvals between January 1, 1998 and
June 30, 2021.

Health Canada publishes online summaries that describe new
drug approvals and new indication approvals. To determine how
the eligibility criteria were assessed prior to approval under the
NOC/c policy, we searched Health Canada’s Drug and Health
Product Register to identify published Regulatory Decision
Summaries and Summary Basis of Decisions (Regulatory
Summaries). We compared the Regulatory Summaries against
the eligibility criteria as described in the NOC/c Guidance
Document and used the Regulatory Summaries to identify
post-market confirmatory trials and the submission status
of post-market confirmatory trials. We further reviewed
health technology assessments conducted and published by
the Canadian Agency for Drugs and Technologies in Health
for supplementary information regarding the availability of
alternative therapies where available.

We searched the Drugs@FDA Database (29) and Accelerated
Approval List (30) to determine the US approval status of drugs
approved under the NOC/c policy. Approvals were matched
between the US and Canada if the drug was indicated for
the same type of cancer and the same line of therapy. We
searched Clinicaltrials.gov to identify the status of confirmatory
trials for indications with active conditions, because most
clinical trials for Canadian regulatory review are registered
on this site to meet Health Canada registration requirements.
Finally, we reviewed product monographs to confirm the
approved indication following submission of post-market
confirmatory trials.
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FINDINGS AND DISCUSSION: TWO
CHALLENGES FOR CONDITIONAL
APPROVAL SCHEMES

We identified 141 indications approved for 93 drugs (see
Supplementary Table 1). Of these, we classified 101 (71% of
approvals) as antineoplastic and immunomodulatory agents or
other antineoplastic agents according to Anatomical Therapeutic
Chemical classification as stated in the Drug Product Database
(31). After excluding 12 generics and three immunomodulatory
drugs not approved for oncology indications (lenalidomide,
eculizumab and ocrelizumab), we included 86 oncology
approvals (see Supplementary Table 2) for 58 drugs in our
analysis; 14 drugs were approved for two to nine indications.
Of the 86 oncology approvals, Health Canada had removed
conditions for 45 and transferred their approval to a Notice of
Compliance; 35 had active conditions in place; 2 were withdrawn
by the manufacturer; 2 were suspended under the FDR; 1
was canceled post-market by the manufacturer; and 1 was
discontinued by the manufacturer (see Figure 1). 33 approvals
had published Regulatory Summaries and were included in our
analysis of eligibility criteria.

Our analysis of these oncology approvals focuses on two
challenges for conditional approval schemes: first, defining
and assessing unmet medical need to determine eligibility for
conditional approval, and second, regulatory responsiveness to
post-market evidence and regulatory information.

Unmet Medical Need as an Eligibility
Criterion
Eligibility for conditional regulatory pathways is limited to
drugs that address unmet medical need. However, there is

little consensus on the definition of unmet medical need, and
the definition may vary when used by different stakeholders
and be context dependent. For example, the definition may
differ between the individual patient perspective and population
level needs (32) or encompass the availability of an alternative
treatment, disease severity or burden, the size of the population,
or some combination of these three factors (33).

Currently, the European Union (EU), Canada and the US all
have accelerated regulatory pathways that explicitly or implicitly
require demonstration of unmet medical need. The regulatory
bodies have adopted similar, albeit slightly different definitions
of unmet medical need for accelerated or conditional approval
pathways. In the EU, unmet medical need is defined in the
regulations for conditional authorization of medicinal products
as “a condition for which there exists no satisfactory method of
diagnosis, prevention or treatment authorized in the Community
or, even if such a method exists... the medicinal product
concerned will be of major therapeutic advantage to those
affected (34).” In the US, FDA defines unmet medical need
as “a condition whose treatment or diagnosis is not addressed
adequately by available therapy. . . [a]n unmet medical need
includes an immediate need for a defined population (35).” Per
this definition, unmet medical need can be met where there is no
available therapy, where the only available therapy is approved
under the accelerated access program, or where there is available
therapy, and the new therapy provides a more favorable benefit
risk ratio compared to existing therapy. Although unmet medical
need is not an explicit eligibility requirement for the accelerated
access pathway in contrast to other expedited pathways, drugs are
only eligible for accelerated approval if they provide a meaningful
therapeutic benefit over existing treatments (35). In Canada, to be
eligible for consideration under the NOC/c policy a drug must be
“intended for the treatment, prevention or diagnosis of a serious,

FIGURE 1 | Regulatory status of oncology approvals under NOC/c policy, January 1, 1998–June 30, 2021.
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life-threatening or severely debilitating disease or condition for
which there is no existing therapy. . . or demonstrates a significant
improvement in the benefit/risk profile over alternate available
products (15).” Though unmet medical need is not clearly stated
as an eligibility requirement, the eligibility criteria are akin to the
EU’s two-pronged approach.

Unmet medical need as a criterion for accelerated pathways
is relevant to oncology because cancers generally meet other
potential criteria, such as: serious condition; the multiple
paradigms for the categorization of cancers (e.g., histologic and
genetic); and treatment often requires multiple sequential or
simultaneous combinations of interventions to manage disease
progression. However, the interpretation of unmet medical
need is inconsistent. One US review of the academic literature
identified 237 oncology indications as an unmet medical need,
but 55 of these had at least five recommended treatment regimens
and a 50% or >5-year survival (36).

In Canada, the NOC/c Policy Guidance Document is
inconsistent in defining the two routes for demonstrating
eligibility based on unmet medical need—“no existing therapy”
and “improvement over existing therapy.” For example, in some
parts, “no existing therapy” is defined as “for which no drug
is presently marketed in Canada” (ss 1.3, 2.1.3) suggesting the
absence of other drugs approved by Health Canada for the
indication. Later in the document, the “no existing therapy”
criterion is described as available where there is an unmetmedical
need (s 2.1.2), where an off-label indication is supported by
substantial and compelling well-documented evidence (s 1.5), or
where no existing therapy possesses a similar therapeutic profile
(s 2.1).

Similarly, assessing “improvement over existing therapies” is
described using different language in the Guidance Document,
making it difficult to discern a clear standard for eligibility. It is
unclear what quantum of improvement must be demonstrated
to establish a satisfactory improvement in benefit-risk profile.
One part of the Guidance Document specifies that there must
be an overall improvement in benefit-risk profile, such that
an increase in both benefit and risk may still have an overall
improvement (s 1.3). Elsewhere, it is stated that a significant
improvement or a substantial improvement is required (ss 2.1.2,
2.1.4). Neither substantial nor significant is defined. Additionally,
the list of factors that can be used to evaluate the benefit-
risk profile of the drug includes “favorable effect on a serious
symptom or manifestation of the condition for which there is
no existing therapy” (s 2.1.4). It is unclear how this is different
from demonstrating that there is no existing therapy, conflating
the two eligibility routes.

Our analysis of the 33 available Regulatory Summaries for
NOC/c oncology drug approvals in Canada based on “unmet
medical need” as a criterion reflected the inconsistencies in
the Guidance Document, and it was unclear if unmet medical
need is a binary question, a scale, or has different thresholds in
different contexts. Twenty-five Regulatory Summaries indicated
“no existing therapy” as the basis of the decision, 5 clearly stated
that they were an “improvement over existing therapy,” and 3
used a blended approach of these two standards (see Figure 2;
Supplementary Table 3).

No Existing Therapy Standard
Based on a textual review of the regulatory summaries, Health
Canada appeared to apply either a strict interpretation (n =

10) or a flexible interpretation (n = 15) when assessing the
“no existing therapy” criterion. In ten Regulatory Summaries,
Health Canada strictly interpreted “no existing therapy” to
mean no drug marketed in Canada. Statements supporting this
interpretive standard in the Regulatory Summaries included: “no
approved treatment,” “no treatment available,” “no authorized
agents available,” and other similar variations. We also included
one summary in this category that used the term “no
effective treatment options.” Though the term “no effective
treatment options” suggests blending of the two eligibility routes,
because it implies evaluation based on superiority over other
treatments, we interpreted it to mean that no marketed drug
was available, but perhaps salvage or palliative treatments were
being utilized. When we compared these approvals against the
Federal oncology-specific health technology assessment process,
the pan Canadian Oncology Drug Review recommendations, 7
of these 10 indications had other drugs marketed or treatments
available in Canada at the time the health technology assessment
was published.

In 15 of the Regulatory Summaries, Health Canada appeared
to use a more flexible standard for “no existing therapy,” defined
as an indication for which there are few, limited, or a lack
of treatments, or where treatments exist but are not effective,
proven, or satisfactory. Health Canada provided no reasoning
to differentiate these indications from the 10 that were strictly
interpreted; it did not use consistent language to describe this
flexible standard, stating, “no real treatment options,” “limited
treatment options,” that it provided an “alternate treatment
option,” or that it addressed “an unmet need.” The flexible
standard was justified by subgroups of patients who do not
respond to, or poorly tolerate, existing therapies.

It is unclear why sponsors of these 15 drugs were not required
to demonstrate an improvement in benefit-risk profile over
existing therapies. For example, blinatumomab was approved
under the NOC/c policy in 2015 for Philadelphia chromosome-
negative relapsed or refractory B precursor acute lymphoblastic
leukemia. This approval was justified based on limited existing
treatment options for patients who relapse after first line
therapy, including aggressive chemotherapy. It met the eligibility
criterion by demonstrating a promising clinical benefit for
patients who are unresponsive to or unable to tolerate existing
therapies. By admitting that there are existing therapies, Health
Canada should have required the sponsor to demonstrate an
improvement in benefit-risk profile. However, the pivotal trial
(NCT01466179) was single arm, making it is unlikely to meet this
evidentiary threshold.

One approval in this category for cemipilimab, a programmed
cell death 1 (PD-1) immune checkpoint inhibitor, addresses an
unmet medical need for an unresponsive subset of patients,
reflective of complexities common to oncology treatment. As
novel oncology therapies increasingly trend toward genetic based
indications, it will be necessary to consider how to define
comparator “existing therapies” for subpopulations defined
by the sequencing of their biomarkers, particularly in the
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FIGURE 2 | Categorization of NOC/c eligibility criteria.

absence of existing targeted therapies. This consideration is
a precondition for a submission using accelerated pathways,
including conditional approval.

Many of the approvals in the category were for patient
subpopulations that progressed on existing therapies. For
example, ceritinib was approved for patients with ALK positive
(ALK+) locally advanced or metastatic non-small cell lung
cancer (NSCLC) whose disease progressed on crizotinib. The
Regulatory Summary defined this as an unmet medical need,
categorizing populations with disease progression as a disease
“for which no drug is presently marketed (37).” In another
example, bosutinib, approved for Philadelphia-chromosome
positive chronic myelogenous leukemia (CML) was deemed
eligible for “fulfill[ing] an unmet medical need as an alternate
treatment option for CML patients who do not respond to
or who are intolerant of currently marketed [treatments] in
Canada (38).” Defining unmet need in refractory or relapsed
settings is another consideration specific to oncology indications
and treatment paradigms to determine whether, and how, such
circumstances fit into conditional approval regimes.

Improvement Over Existing Therapy Standard
The five Regulatory Summaries clearly based on a demonstration
of improvement in benefit-risk profile compared to existing
treatment used inconsistent language to describe the threshold
and quantum of eligibility. Demonstrating improvement
compared to existing treatment was defined in some cases as an
overall improvement in benefit-risk profile and in others as a
significant or considerable improvement in overall benefit-risk
profile. The Guidance Document states that to be eligible, the
therapy should “provide a statistically significant and clinically
relevant improvement in benefit/risk profile, over existing

therapies.” (s 2.1.4). However, the difference between an overall,
substantial, and significant improvement was not provided in
the Guidance Document, and the Regulatory Summaries do
not provide definitions or explanations of the thresholds used.
Additionally, there is little information on how benefit and risk
and quantified, weighed, and compared.

Three of the drugs in this category were approved for second-
or third- line therapy for ALK+ NSCLC. This cohort of NOC/c’s
granted for ALK inhibitors for NSCLC demonstrate a lack of
clarity regarding the quantum of improvement over existing
therapy required to justify conditional approval, as well as how
improvement over existing therapy is determined, particularly in
the absence of comparative trials:

1. Alectinib was approved in 2016 as second line therapy
for ALK+ NSCLC. Approval under the NOC/c policy was
justified because the indication was not adequately managed
by available therapies, and it demonstrated the potential to
improve the overall benefit-risk profile over existing therapies.
The approval was based on two Phase I/II clinical studies
(NCT01871805; NCT01801111) without comparator arms,
and there was no explanation how it was determined that
alectinib was superior to existing therapies. However, in the
clinical overview submitted to support its approval, alectinib
was differentiated from previously approved therapies,
including crizotonib and ceritinib because of its central
nervous system activity (39).

2. Brigatinib was approved in 2018 under the NOC/c policy as
second line therapy for ALK+ NSCLC on the basis that it
was a substantial improvement over existing treatments. The
approval of brigatinib was based on two Phase I/II pivotal
trials (NCT0144946; NCT02094573) without comparator
arms. The improvement over existing therapies was based
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on the ability of brigatinib to access the central nervous
system, and not an objective measure of its improvement over
existing therapy.

3. Lorlatinib was approved in 2019 as third-line therapy
for ALK+ NSCLC based on its potential to provide
an improvement in the benefit-risk profile over existing
therapies. Similarly, lorlatinib’s potential was based on a
phase I/II pivotal trial (NCT01970865) that did not include
a comparator arm, and the approval was justified by the lack
of third-line therapy for ALK+ NSCLC.

Additionally, alectinib (in 2018) and brigatinib (in 2021) were
both approved unconditionally in the first-line setting before
the NOC/c approvals in the second-line setting were transferred
to an NOC. In both cases, the confirmatory trials required
as conditions of the second-line therapy NOC/c were used
to support the NOC approval of the drugs in the first-
line setting. For alectinib, the confirmatory trials required
included two Phase I/II trials in the second line setting
(NCT01871805; NCT01801111), and a Phase III trial in the first
line setting (NCT02075840). For brigatinib, the only post-market
confirmatory trial was a Phase III trial in the first line setting
(NCT02737501). This suggests that the confirmatory trials were
not designed primarily or solely to address uncertainties in the
conditionally approved second-line setting. Instead, the sponsors
benefited from 2 to 3 years of extra time on market under patent
protection based on Phase I/II clinical trials by identifying an
“unmet medical need.” Alectinib had the conditions removed for
the second-line indication shortly after the first-line indication
was approved, but because Health Canada does not publish
Regulatory Summaries when conditions are removed, it is not
transparent whether other clinical information in the second-line
setting was considered. The FDA has commented on this issue,
stating that post-market confirmatory trials are often conducted
in earlier-line settings because of enrollment challenges and lack
of equipoise when approved therapies are tested in randomized
trials (40).

Blended Standard
Our category of a “blended” approach for three drugs (Table 3)
was based on language in the Regulatory Summaries indicative of
language asserting both “no existing therapy” and “improvement
over existing therapy” as the reason for NOC/c eligibility. The
drugs were described as indicated for a disease that was not
well managed by adequate therapies in Canada. This language is
similar to the second eligibility criterion requiring demonstration
of improvement in benefit-risk profile over existing therapies but
does not require such demonstration. For example, pralatrexate
was approved in 2018 for relapsed or refractory peripheral T-
cell lymphoma (PTCL). The approval was based on a phase II
single arm trial (NCT00364923). Approval under the NOC/c
policy was justified by the limited effective treatment options.
The Regulatory Summaries identified three treatment protocols
available for the indication but noted limitations in their use
in PTCL. It is unclear what the difference is between this
circumstance and those in the previous categories that require
demonstration of an improvement in benefit-risk profile.

Additionally, there is no clear guidance about when the
determination of “available therapies” should take place or be
finalized. Most Regulatory Summaries in our analysis contain
broad statements about the lack of available treatments, while
others explicitly state the lack of available therapies at a specific
point in the review process. For example, durvalumab was
approved in 2017 as second-line therapy for metastatic urothelial
carcinoma. In the Regulatory Summary, eligibility for NOC/c
approval was justified because there were no authorized agents
available at the time that advanced consideration was granted
in December 2016. Prior to durvalumab’s conditional approval
in November 2017, atezolizumab was approved as second line
therapy for urothelial carcinoma under the NOC/c policy in April
2017. The approval of another therapy for the same indication
should have required that durvalumab meet the alternative
threshold of significant improvement over existing therapies, but
instead, the eligibility criterion defined a time point that based the
decision on the lack of available therapy at the time of submission.
To preserve the integrity of conditional approvals, where a new
drug approval renders a pending approval no longer eligible
under the criterion of “no existing therapy,” the pending approval
should be based on demonstration of “improvement over existing
therapies” or be subject to the standard NOC regulatory approval
requirements. Alternatively, Health Canada could follow the lead
of FDA, which has stated that drugs approved under AA are not
considered available for regulatory purposes (40).

In summary, based on the reviewed examples, Health
Canada exercises significant flexibility when determining NOC/c
eligibility. The NOC/c pathway was designed to provide early
approval for drugs that are effective against serious, life-
threatening, or disabling diseases that have no existing therapy or
drugs that show a significant improvement in their benefit/risk
profile compared to existing therapies, for diseases that are not
adequately managed by those existing therapies. By using a
flexible standard or a blended standard, the NOC/c pathway
is allowing drugs that, according to a strict interpretation
of the stated criteria, would not be eligible for NOC/c
consideration to enter the market early based on unconfirmed
clinical effectiveness. While hard definitions may be challenging,
and even undesirable to elucidate, particularly relating to the
quantum of improvement necessary, at the very least a definition
of what qualifies as an existing therapy should be determined
and applied.

Regulatory Responsiveness to
Post-market Evidence
A second feature of a conditional drug approval pathway is
the need for regulators to respond to post-market evidence that
addresses clinical uncertainties at the time of approval. Such new
and emerging evidence should inform the ongoing regulatory
status of the drug by: confirming the clinical benefit of the drug,
changing the approved indication, or withdrawing it from the
market. In Canada, drugs that confirm clinical benefit or satisfy
other conditions may be transferred from an NOC/c to an NOC
approval. However, post approval clinical trials do not necessarily
accumulate under existing regulatory requirements, exposing
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gaps in the current regulatory structure as regulators move
toward lifecycle assessment approaches (41). The completion of
post-market confirmatory trials is a well-documented challenge,
including lack of incentives and difficulty enrolling patients in
clinical trials for on-market drugs (2, 7, 42–45).

The ability to respond to evidence collected post-market is
central to maintaining the integrity of the regulatory system,
public trust in regulatory institutions, and protecting patients
from unsafe or ineffective drugs. Without appropriate regulatory
responsiveness to post-market evidence, conditional approval
pathways may instead lower the threshold for market access. In
this section, we analyse regulatory responsiveness to post-market
evidence for oncology drugs approved under Canada’s NOC/c
policy. We assess the regulatory system’s ability to collect and use
post-market evidence to inform regulatory status and product
labels in three ways. We analyzed:

1. Matching approvals under the NOC/c policy and the US AA
pathway to identify approvals that have been withdrawn or
transferred to a full approval in the US, but remain on market
or conditionally approved in Canada;

2. NOC/c approvals with post-market confirmatory trials that
are listed as complete on clinicaltrials.gov but remain
conditionally approved in Canada; and

3. Labeling changes at the time of transfer to full approval based
on the findings of confirmatory trials.

In the absence of greater transparency regarding Health Canada’s
receipt and review of post-market clinical information, these
analyses provide insight into Canada’s current capacity to
implement a lifecycle regulatory approach in which evidence
collection is iterative and informs the regulatory status of the
drug on an ongoing basis.

Comparative Regulatory Status in US and Canada
Accelerated and conditional regulatory pathways require the
ability to collect, assess, and respond to post-market evidence to
ensure regulatory decisions reflect the most up-to-date clinical
evidence. To assess regulatory responsiveness, the comparative
regulatory status in the US and Canada, status of post-market
clinical trials, and post-market label changes were analyzed.
Of the 86 oncology drugs approved under the NOC/policy,
82 similar indications were approved by the FDA; 71 under
the AA pathway, and 11 via regular approval. Of the 71
approved under both the NOC/c and AA pathways, 53 had
matching regulatory status (still conditionally approved in
both jurisdictions, transferred to regular approval in both
jurisdictions, or withdrawn post-market in both jurisdictions).
The remaining 18 indications had a different regulatory status
in each jurisdiction, including drugs withdrawn post-market in
one jurisdiction, but not the other, and indications that have
been transferred to a full approval in only one jurisdiction (see
Figure 3).

Eight indications approved under the NOC/c policy and
AA have been withdrawn post-market in one jurisdiction but
not the other (Table 1). Three drugs currently approved in
Canada under the NOC/c policy have either been voluntarily
withdrawn or recommended for withdrawal in the US by the

FDA Oncologic Drugs Advisory Committee (ODAC), because
post-market clinical trials failed to confirm benefit in the
indication. Nivolumab was approved under the NOC/c policy in
2018 for hepatocellular carcinoma. This indication was slated for
review by FDA because of low response rates, changing treatment
landscape, failure of the confirmatory trial to confirm benefit,
negative results from a monotherapy trial in first line setting, and
the potential for alternative trials. ODAC voted 5–4 to remove
the indication, largely because the combination indication will
remain available, which has superior results (46). Following
this, Bristol Myers Squibb voluntarily withdrew the indication
in the US (47), but the drug/indication remains conditionally
approved in Canada. Similarly, durvalumab and atezolizumab
were approved in 2016 and 2017, respectively, in both Canada
and the US as second-line therapy for urothelial carcinoma. Both
approvals were voluntarily withdrawn in the US by the sponsors
after the confirmatory trials did not meet their primary endpoints
(48, 49). The Canadian product monographs for durvalumab
and atezolizumab, which have both been revised since the
withdrawals in the US, indicate that the urothelial carcinoma
indications are still approved conditionally in Canada (50).

Gefitinib provides another example of an indication
withdrawn in the US and not in Canada. Approved in 2003
as third line therapy for NSCLC, the confirmatory trial
demonstrated no survival advantage. Despite this, Health
Canada opted not to revoke market authorization because of lack
of alternative treatment options, the safety profile of gefitinib,
and the evidence that gefitinib shrinks tumors, which Health
Canada indicated may lower symptom burden (51). In 2006,
Health Canada restricted the approved indication to patients
currently benefiting from gefitinib, or patients whose tumors
are EGFR expression status positive or unknown. Patients were
also required to enroll in a patient registry (52). Even though
the confirmatory trial results were available to Health Canada
in 2006, the conditions were not officially removed until 2009,
when gefitinib was approved unconditionally as first line therapy
for NSCLC with EGFR mutations. A different approach was
taken in the US. In 2010, the FDA requested that AstraZeneca
voluntarily withdraw gefitinib from the market because the post
market trials failed. AstraZeneca refused to voluntarily withdraw
the indication, instead asking FDA to withdraw approval, which
was finalized on April 5, 2012 (53). Gefitinib wasn’t approved
as first-line therapy for NSCLC in the US until 2015. There
have been conflicting assessments of gefitinib’s pathway to the
market; some argue it is an example of downfalls of conditional
or accelerated approvals, while others suggest that it is indicative
of the deficiencies in existing regulatory structures to support
and promote precision-based indications (54).

While confirmatory trials are often considered the main
source of post-approval information, foreign regulatory actions
are another signal. For this reason, the NOC/c Guidance
Document requests sponsors to “[n]otify Health Canada within
15 days. . . when an expert panel or advisor committee has
been struck in a foreign jurisdiction to address an issue or
when there has been significant regulatory action in another
jurisdiction, including. . . removal of a product from the market.”
(15). Additionally, sponsors are requested to submit a report
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FIGURE 3 | Comparative regulatory status, Canada-United States.

TABLE 1 | NOC/c and AA approvals, withdrawn in one jurisdiction.

Drug NOC/c approval

date

Indication NOC/c status

(8/30/2021)

US FDA

Accelerated

Approval Date

AA Status (8/30/2021)

Durvalumab for

injection

11/3/2017 Locally advanced or metastatic urothelial carcinoma

(second line)

Active 5/1/2017 Voluntarily withdrawn

Nivolumab 3/23/2018 Advanced or metastatic hepatocellular carcinoma

(second line)

Active 9/22/2017 Voluntarily withdrawn

Atezolizumab 4/12/2017 Urothelial carcinoma (second line) Active 5/18/2016 Voluntarily withdrawn

Ofatumumab 3/9/2012 Chronic lymphocytic leukemia refractory to

fludarabine and alemtuzumab

Canceled post-market 10/26/2009 Converted 4/17/2014

Bicalutamide 11/25/2002 Localized (T1-T2) prostate cancer Suspended 8/13/2003 10/4/1995 Converted 12/12/1997

Gefitinib 12/17/2003 Locally advanced or metastatic NSCLC (third line) Transferred 5/5/2003 Withdrawn 4/25/2012

Pembrolizumab 9/8/2017 Refractory or relapsed classical hodgkin lymphoma Withdrawn 02/03/2021 3/14/2017 Converted 10/14/2020

Bevacizumab 3/24/2010 GBM after relapse or disease progression Withdrawn 5/23/2018 5/5/2009 Converted 12/5/2017

ALK+, anaplastic lymphoma kinase positive; ALL, acute lymphocytic leukemia; cHL, classical Hodgkin’s lymphoma; CLL, chronic lymphocytic leukemia; GBM, glioblastoma multiforme;

NSCLC, non-small cell lung cancer; Ph-, Philadelphia chromosome negative.

on the issue that prompted the action within 30 days. While
it is unclear whether there are any consequences for failing to
submit “requested” documents, Health Canada has the authority
under the FDR to require information from sponsors and stop
sale of the drug if the information is not submitted within the
agreed upon timeline (18). Despite this, no action has been
taken in Canada, or at least made public, for the first three
examples of indications recently withdrawn in the US that remain

conditionally approved in Canada. The fact that there have
been withdrawals of drugs approved under the NOC/c policy
and/or the AA pathways is not an indictment of the regulatory
approach. In fact, withdrawals demonstrate that the approach
is functioning as intended. In this section, we do not seek to
assess the appropriateness of withdrawals, but instead to assess
whether Health Canada is responsive to regulatory withdrawals
in the US.
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On the other hand, there were also five indications that had
been withdrawn, suspended, or discontinued in Canada and not
the US. One of the withdrawals under the NOC/c policy was the
voluntary withdrawal of pembrolizumab for classical Hodgkin’s
lymphoma, which was later resubmitted under a slightly different
indication. Other examples of drugs withdrawn in Canada and
not the US include bevacizumab and ofatumumab. Bevacizumab
was approved in 2009 and 2010 for recurrent glioblastoma
under the AA pathway and the NOC/c policy, respectively.
In 2017, FDA granted full approval to bevacizumab following
the results of a confirmatory trial, even though the trial did
not meet its primary endpoint of overall survival. In Canada,
the indication was withdrawn in 2018. Unfortunately, there
is no publicly available information about the withdrawal.
Ofatumumab was approved for chronic lymphocytic leukemia
refractory to fludarabine and alemtuzumab under the AA
pathway in 2009 and under the NOC/c policy in 2012. The
approval was transferred, and the indication expanded in 2014
in the US (55). The indication was also expanded in 2014
in Canada, but the conditions were not removed. The drug
was canceled post market by the sponsor for commercial
reasons in 2017 in non-US markets, including Canada. The
clinical trial that was used to support conversion of the
AA and expansion of the indication (NCT00748189) was
only one of the post-market commitments outlined in the
Qualifying Notice, suggesting that the remaining commitments
may have been what enabled the removal of conditions
in Canada.

The above examples demonstrate that Health Canada’s foreign
regulatory notification requirement may not be sufficient to
ensure regulatory responsiveness to market withdrawals in
the US. While it is not necessary for regulatory decisions to
align entirely between jurisdictions, foreign regulatory decisions
and recommendations can be important regulatory signals,
particularly for conditionally approved drugs. We also found that
approvals were transferred in the US prior to transfer in Canada,
despite often overlapping post-market requirements. When we
compared NOC/c approvals against approval status in the US, we
identified six indications that had been transferred to standard
approval in the US but remain conditionally approved in Canada

(Table 2). For example, brigatinib was approved by FDA in April
2017 as second line therapy for ALK+metastatic NSCLC. At the
time of approval, FDA requested that the manufacturer conduct
a randomized controlled trial (RCT) to confirm clinical benefit of
the drug in the approved indication. The trial was not identified
at the time of approval. The same indication was approved in July
2018 in Canada under the NOC/c policy. At the time of approval,
the Qualifying Notice specified that the results from ALTA-1L
(NCT02737501) were required to confirm clinical benefit. InMay
2020, ARIAD Pharmaceuticals submitted results from ALTA-
1L that led to conversion of the AA to a regular approval, and
also expanded the approved indication to first line therapy (56).
As of October 2021, brigatinib remains conditionally approved
in Canada. The Post-Authorization Activity Table, published
within the Regulatory Summary, has not been updated since
2018, however, it is unknown whether the results from ALTA-
1L have been submitted to Health Canada. Other examples of
approvals that have submitted post market confirmatory trials
and successfully transferred to regular approval status in the US
but not Canada include pembrolizumab for primary mediastinal
B-cell lymphoma and classical Hodgkin’s lymphoma, ceritinib
for NSCLC, and ponatinib for chronic myeloid leukemia and
acute lymphoblastic leukemia (both indications are included in
one approval).

It is unclear why these indications have not been transferred in
Canada. While speculative, one of the concerns with the NOC/c
policy is the lack of incentive for sponsors to make submissions
regarding post-market confirmatory trials. For example, ceritinib
and ponatinib are already funded in several provinces so it is
certainly feasible that there is little to gain from making the
necessary submissions to transfer the approval and officially
remove the conditions (57, 58). Indeed, if the results of the
confirmatory trial are underwhelming or negative, and could
result in withdrawal, limiting the indication, or lower utilization
rates (and therefore lower profits), postponing submission may
be in the best financial interest of the manufacturer. It is also
possible that submissions have been made to Health Canada and
are still under review.

There are also four indications (for three drugs) that had been
transferred in Canada and not in the US (Table 3). In some

TABLE 2 | NOC/c and AA Approvals, converted to regular approval in US and not in Canada.

Drug NOC/c approval

date

Indication NOC/c status

(8/30/2021)

US FDA accelerated

approval date

AA status (8/30/2021)

Pembrolizumab 9/21/2018 relapsed or refractory Primary Mediastinal B-cell

Lymphoma

Active 6/13/2018 Converted 10/14/2020

Pembrolizumab 2/5/2021 refractory or relapsed cHL Active 3/14/2017 Converted 10/14/2020

Ceritinib 3/27/2015 ALK+ NSCLC (second line) Active 4/29/2014 Converted 5/26/2017

Brigatinib 7/26/2018 ALK+ NSCLC (second line) Active 4/28/2017 Converted 5/22/2020

Blinatumomab 4/28/2017 pediatric patients with Ph- relapsed or refractory B

cell precursor ALL

Active 9/1/2016 Converted 7/11/2017

Ponatinib hydrochloride 4/2/2015 CML or Ph+ ALL Active 12/14/2012 Converted 11/28/2016

ALL, acute lymphoblastic leukemia; ALK+, anaplastic lymphoma kinase positive; cHL, classical Hodgkins lymphoma; CML, Chronic myelogenous leukemia; NSCLC, non-small cell lung

cancer; Ph+, Philadelphia chromosome positive; Ph-, Philadelphia chromosome negative.
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TABLE 3 | NOC/c and AA Approvals, conditions removed in Canada and not US.

Drug NOC/c approval

date

Indication NOC/c status

(8/30/2021)

US FDA accelerated

approval date

AA status (8/30/2021)

Idelalisib 3/27/2015 Follicular lymphoma (third line) Transferred 7/23/2014 Not yet converted

Avelumab 12/17/2017 Metastatic Merkel cell carcinoma (second line) Transferred 3/23/2017 Not yet converted

Avelumab 11/5/2019 Metastatic merkel cell carcinoma (first line) Transferred 3/23/2017 Not yet converted

Ibrutinib 7/28/2015 Relapsed or refractory mantle cell lymphoma Transferred 2/16/2018 Not yet converted

cases, the discrepancy is related to variations in the approved
indication. Idelalisib was approved under AA in 2014 and under
the NOC/c policy in 2015 for follicular lymphoma. In the US,
idelalsib was also approved for small lymphocytic lymphoma
at the same time. The approval was transferred in Canada in
2020, but has not yet been transferred in the US, likely because
of the additional indication. In other cases, the reasons behind
the discrepancy are less clear. Ibrutinib was approved under
the NOC/c policy in 2015 for relapsed or refractory mantle
cell lymphoma (MCL). The conditions were removed, and the
approval transferred to a NOC in 2017. Ibrutinib was approved
under the AA pathway for adult patients with MCL who have
received at least one prior therapy in 2018 and has not yet
been transferred to a standard approval. Oddly, ibrutinib was
approved under AA in 2013 as a first line therapy for MCL.
This indication has also not been transferred. The only other
example where a drug had conditions removed in Canada but
had not yet been transferred in the US is avelumab. Avelumab
was approved under the NOC/c policy as second-line therapy
for adults with metastatic Merkel cell carcinoma (MCC) in
2017 and first-line therapy for MCC in 2019, also in adults.
Both indications had the conditions removed in January 2021.
Avelumab was approved as first line therapy for metastatic MCC
in adult and pediatric populations in 2017 and has not yet been
transferred. It is presumed the difference in conversion date
is because the Canadian approval was in the adult population
only, while the FDA approved the indication in children
and adults.

Status of Post-market Clinical Trials
Completion of post-market confirmatory trials is a well-
documented concern associated with conditional drug approvals
(2, 7, 42–45). Conversely, concerns exist that drugs approved
under the NOC/c policy with completed confirmatory trials
have not been submitted or assessed by Health Canada in a
timely manner. Of the 35 oncology drugs with active conditions,
trial identification information was available for 24. Of the 24,
eight had at least one post-market confirmatory trial that was
listed as complete, yet the indication remained conditionally
approved. Due to lagging information available about post-
market submissions, it is unclear whether these results have been
submitted to or reviewed by Health Canada.We are therefore not
able to discriminate between these examples demonstrating a lack
of incentive for sponsors to submit results once they are available
or a lag in regulatory review.

Label Changes Following Submission of

Confirmatory Trials
The previous two categories assessed responsiveness to post-
market evidence by asking whether the existence of a regulatory
decision or confirmatory trial results resulted in any regulatory
action by Health Canada. Another concern is the quality
of responsiveness when post-market evidence is completed,
submitted, and integrated into the drug’s regulatory status or
label. When Health Canada reviews submissions of confirmatory
trials, the process for assessing whether the results are sufficient
to support removal of the conditions is not known. In fact, the
threshold communicated to sponsors to remove conditions is
inconsistent. Of the oncology indications approved under the
NOC/c policy, 25 Qualifying Notices included language about
the potential for the indication to be withdrawn based on the
results of the confirmatory trial. In some cases, the Qualifying
Notice specified the circumstances in which the indication can
be withdrawn, but withdrawal language is used inconsistently.
For example, Qualifying Notices may indicate that the indication
can be withdrawn in one or more of the following circumstances:
if the studies are unsuccessful, if the study fails to confirm a
significant improvement in a clinical endpoint, if the results do
not demonstrate an improvement in efficacy, and/or if the results
fail to demonstrate a favorable or positive overall risk/benefit
assessment. The only public documentation of the submission
of confirmatory trials is the Post-Authorization Activity Tables
in the Summary Basis of Decisions. However, Summary Basis
of Decisions are not available for all drugs, and the Post-
Authorization Activity Tables are often two years, or more, out of
date. Even when these document the submission of confirmatory
trials, the record only states that the submission was sufficient
to support removal of conditions, providing little insight as to
how Health Canada reviews confirmatory trials, what standards
it applies and its decision-making process.

In the absence of more detailed regulatory documentation,
to assess Health Canada’s responsiveness to confirmatory trial
results, we reviewed approved indications whose conditions
had been removed (n = 45) to assess the impact the of
confirmatory trials results. This review revealed the addition
of indication “caveats,” which we define as an addition to
an existing indication in the product label that modifies its
meaning, but not a substantive change to the indication itself.
We identified 23 approvals that had caveats included in the
indication following removal of conditions (Table 4). Here we
review a subset of 8 transfers with caveats for aromatase
inhibitors [letrozole (approved for two indications), anastrozole,
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TABLE 4 | Indication caveats in product monographs.

Drug NOC/c approval date Initially approved indication Caveat in product monograph

Imatinib 9/20/2001 Adult patients with Ph+ CML in blast,

accelerated, or chronic phase (after

failure of interferon-ax therapy)

Clinical effectiveness in Philadelphia chromosome-positive chronic

myeloid leukemia in blast crisis, accelerated phase or chronic phase (after

failure of interferon-alpha therapy) was based on hematologic and

cytogenetic response rates (surrogate endpoints), which have shown to

be sustained for at least two years

Imatinib 10/8/2003 Adult patients with newly diagnosed

Ph+ CML

Clinical effectiveness in newly diagnosed CML was based on

progression-free survival, hematologic and cytogenetic response rates

(surrogate endpoints) that are reasonably likely to predict clinical benefit in

a long-term randomized controlled study

Anastrozole 6/30/2004 Adjuvant treatment of

postmenopausal women with

hormone receptor positive early

breast cancer

Approval is based on superior disease-free survival for ARIMIDEX in

comparison to tamoxifen. However, overall survival was not significantly

different between the two treatments

Letrozole 4/1/2005 Extended adjuvant treatment of early

breast cancer in post-menopausal

women who have received prior

standard adjuvant tamoxifen therapy

Clinical effectiveness is based on superior Disease-Free Survival (DFS)

compared to placebo in the overall study population, at a median

follow-up of 28 months. However, overall survival was not significantly

different between the two treatments for the overall population and an

increase in deaths was seen in node-negative patients in the FEMARA

arm vs. the placebo arm

Exemestane 5/12/2006 Adjuvant treatment of early breast

cancer

Approval is based on improved disease-free survival for sequential

AROMASIN in comparison to continuous tamoxifen. However, overall

survival was not significantly different between the two treatments

Sorafenib 7/28/2006 Treatment of locally

advanced/metastatic renal cell

carcinoma in patients who failed prior

cytokine therapy or are considered

unsuitable for such therapy

Approval of NEXAVAR for locally advanced/metastatic Renal Cell (clear

cell) Carcinoma (RCC) is based on progression-free survival (PFS) in low

and intermediate risk (MSKCC prognostic criteria) patients without brain

metastasis. Prolongation of overall survival has not been established for

NEXAVAR in RCC. The quality of life was not significantly different in the

pivotal clinical trial comparing NEXAVAR to placebo

Sunitinab 8/17/2006 Treatment of metastatic renal cell

carcinoma of clear cell histology after

failure of cytokine-based therapy or in

patients who are considered likely to

be intolerant of such therapy

Approval for MRCC is based on statistically significant progression free

survival in patients with good performance status (ECOG 0-1). There was

a trend for overall survival advantage

Letrozole 10/6/2006 For the adjuvant treatment of

post-menopausal women with

hormone receptor positive early

breast cancer

Clinical effectiveness is based on superior Disease-Free Survival (DFS)

compared to tamoxifen. Overall survival was not significantly different

between the two treatments

Docetaxel 12/14/2006 Adjuvant treatment of patients with

operable node-positive breast cancer,

in combination with doxorubicin and

cyclophosphamide

The effectiveness of TAXOTERE in combination with doxorubicin and

cyclophosphamide (TAC) is based on improved disease free survival and

overall survival in comparison to the combination of fluorouracil,

doxorubicin and cyclophosphamide (FAC). However, the positive benefit

for TAC in patients with 4+ nodes was not fully demonstrated since the

differences in disease-free survival (DFS) and overall survival (OS) between

TAC and FAC were not statistically significant in the 4+ nodes stratum

Dasatinib 3/26/2007 Treatment of adults with chronic,

accelerated or blast phase CML with

resistance or intolerance to prior

therapy including imatinib mesylate

Clinical effectiveness of SPRYCEL in CML is based on the rates of

hematologic and cytogenetic responses in clinical trials with a minimum of

24 months of follow-up

Imatinib 5/24/2007 Treatment of pediatric patients with

newly diagnosed Ph+ CML in chronic

phase

Clinical effectiveness in newly diagnosed CML, was based on hematologic

and cytogenetic response rates (surrogate endpoints) in a short-term

uncontrolled study in which the majority of patients withdrew from

protocol therapy to undergo hematopoietic stem cell transplantation

Sunitinib 5/1/2008 Treatment of metastatic renal cell

carcinoma of clear cell histology

Approval for MRCC is based on statistically significant progression free

survival in patients with good performance status (ECOG 0-1). There was

a trend for overall survival advantage

Nilotinib 9/9/2008 Accelerated phase Ph+ CML in adult

patients resistant to or intolerant of at

least one prior therapy including

imatinib

Clinical effectiveness of TASIGNA® in imatinib-resistant or -intolerant Ph+

CML-AP was based on the confirmed hematologic response rates and

the unconfirmed major cytogenetic response rates

(Continued)

Frontiers in Medicine | www.frontiersin.org 12 February 2022 | Volume 8 | Article 818647181

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


McPhail et al. Conditional Drug Approval in Canada

TABLE 4 | Continued

Drug NOC/c approval date Initially approved indication Caveat in product monograph

Nilotinib 7/22/2010 Treatment of chronic phase Ph+ CML

in adult patients resistant to or

intolerant of at least one prior therapy

including imatinib

Clinical effectiveness of TASIGNA® in imatinib-resistant or -intolerant Ph+

CML-CP was based on the unconfirmed major cytogenetic and complete

hematologic response rates

Nilotinib 6/23/2011 Treatment of adult patients with newly

diagnosed Ph+ CML in chronic phase

Clinical effectiveness of TASIGNA® in newly diagnosed Ph+ CML-CP is

based on major molecular response rate at 12 months and complete

cytogenetic response rate by 12 months. As of the 60 month cut off date,

no overall survival benefit has been demonstrated

Everolimus 6/30/2011 For the treatment of patients of 3

years of age or older with

subependymal giant cell astrocytoma

associated with tuberous sclerosis

complex that have demonstrated

serial growth who are not candidates

for surgical resection and for whom

immediate surgical intervention is not

required

The effectiveness of AFINITOR is based on an analysis of change in SEGA

volume. Prescribers should take into consideration that surgical resection

can be curative, while treatment with AFINITOR has been shown only to

reduce the SEGA volume.

Everolimus 1/25/2013 Adult patients with renal

angiomyolipoma associated with

tuberous sclerosis complex who do

not require immediate surgery

The effectiveness of AFINITOR in the treatment of renal angiomyolipoma is

based on an analysis of objective responses in patients treated for a

median of 8.3 months in the pivotal phase III placebo-controlled trial

Brentuximab vedotin 2/1/2013 Patients with Hodgkin lymphoma

after failure of ASCT or after failure of

at least two multi-agent

chemotherapy regimens in patients

who are not ASCT candidates;

Clinical effectiveness in relapsed or refractory HL was based on promising

response rates demonstrated in single-arm trials (see CLINICAL TRIALS).

No data demonstrate increased survival with ADCETRIS

Osimertinib 7/5/2016 Patients with locally advanced or

metastatic EGFR T790M

mutation-positive NSCLC who have

progressed on or after EGFR TKI

therapy. Validated test is required to

identify EGFR T790M

mutation-positive status prior to

treatment

Marketing authorization was based on results from a randomized Phase

III trial (AURA3) demonstrating that TAGRISSO is superior to

chemotherapy in prolonging progression-free survival (PFS) as assessed

by investigator using RECIST v1.1.

Alectinib 9/29/2016 Monotherapy for the treatment of

patients with ALK-positive locally

advanced or metastatic NSCLC who

have progressed or are intolerant to

crizotinib

Marketing authorization of ALENCENSARO for the latter indication is

primarily based on tumor objective response rate and duration of

response; no overall survival benefit has been demonstrated

Venetoclax 9/30/2016 Monotherapy for the treatment of

patients with CLL with 17p deletion

who have received at least one prior

therapy or patients with CLL without

17p deletion who have received at

least one prior therapy and for whom

there are no other available treatment

options

Clinical effectiveness of VENCLEXTA as monotherapy is based on

response rate results from single-arm studies

Avelumab 12/17/2017 Treatment of patients with metastatic

Merkel cell carcinoma in previously

treated adults

Marketing authorization was based on tumor response and durability of

response. An improvement in survival or disease-related symptoms has

not yet been established

Avelumab 11/5/2019 Treatment of adult patients with

metastatic merkel cell carcinoma

Marketing authorization was based on tumor response and durability of

response. An improvement in survival or disease-related symptoms has

not yet been established

ASCT, autologous stem cell treatment; CML, Chronic Myelogenous Leukemia; EGFR, IMiD, Immunomodulatory imide drug MRCC, metastatic renal cell carcinoma; NSCLC, non-small

cell lung cancer; PFS, progression free survival; Ph+, Philadelphia chromosome positive; PI, proteasome inhibitor; RCC, renal cell carcinoma; TKI, tyrosine kinase inhibitor; EGFR,

epidermal growth factor receptor.

and exemestane]; second-generation tyrosine kinase inhibitors
(dasatinib, nilotinib, bosutinib); and venetoclax. We discuss each
in turn.

Health Canada approved three aromatase inhibitors via the
NOC/c pathway between 2004 and 2006 for the adjuvant
treatment of postmenopausal women with hormone receptor

Frontiers in Medicine | www.frontiersin.org 13 February 2022 | Volume 8 | Article 818647182

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


McPhail et al. Conditional Drug Approval in Canada

positive early breast cancer for which the standard of care
was tamoxifen. Letrozole was approved separately for adjuvant
treatment and extended adjuvant treatment. All four of the
NOC/c approvals were based on disease-free survival, a surrogate
for overall survival. When the conditions were removed, no
significant difference in overall survival compared to tamoxifen
or placebo had been demonstrated. Rather than withdraw the
indications or request additional confirmatory trials to resolve
uncertainties about efficacy, Health Canada added caveats in
the product monographs, stating that “overall survival was
not significantly different between [placebo and the approved
drug] (59–61).”

Health Canada approved three second-generation tyrosine
kinase inhibitors through the NOC/c pathway. Dasatinib and
nilotinib were approved, in 2007 and 2008, respectively, as
second-line therapy for Philadelphia chromosome positive
chronic myelogenous leukemia (Ph+ CML). In 2011, both
dasatinib and nilotinib were approved as first-line therapy in
Ph+ CML in chronic phase. When these four indications were
transferred, Health Canada added caveats to the indications,
stating that “clinical effectiveness is based on [major molecular
response/complete cytogenic response]. . . [and] no overall
survival benefit has been demonstrated (62).” Bosutinib was
approved under the NOC/c policy in 2014 as second-line
therapy in Ph+ CML, if treatment with imatinib, dasatinib, and
nilotinib was not appropriate. Similarly, when bosutinib was
transferred, a caveat was included in the product monograph
stating that “[m]arket authorization. . . is based on cytogenetic
and hematologic response rates. . . [o]verall survival benefit has
not been demonstrated (63).

Finally, Health Canada approved venetoclax as second-line
monotherapy for patients with chronic lymphocytic leukemia
with and without 17p deletion in 2016. The approval was based
on interim analysis of a Phase II study (NCT01889186) that
measured overall response rate. As a condition of approval, four
clinical studies were required, but only one was a phase III trial.
However, the phase III trial (NCT02005471) was a combination
trial, and as a result, there was no phase III trial for venetoclax as
monotherapy in any line of therapy at the time it was transferred.
When the condition was removed, a caveat was added stating that
“clinical effectiveness of VENCLEXTA as monotherapy is based
on response rate results from single arm studies (64).”

These examples provide insight into Health Canada’s
responsiveness to post-market confirmatory trials and suggest
the creation of a new class of drug approvals: drugs that were
initially approved conditionally, have been transferred to regular
approval, yet never met the standard threshold of substantial
evidence of effectiveness demonstrated by two adequate and
well controlled clinical trials. These indications no longer
carry the mandatory warnings, educational requirements,
and consent requirements associated with drugs approved
under the NOC/c policy with active conditions that signal
to physicians and patients that there are outstanding clinical
uncertainties. Instead, there is little to communicate to patients
and physicians that these drugs are different from drugs that have
been approved and met the regulated standard of substantial
evidence of effectiveness. Instead, Health Canada has introduced

a quasi-regulatory communication in the form of a caveat to
approved indications in product labels in an attempt to mitigate
evidentiary uncertainty. The issue of adding caveats is not
necessarily confined to the NOC/c policy in Canada; one study
in the US found that overall survival data was inconsistently
reported in cancer drug labels (65). Our findings confirm that it
may be worthwhile to investigate the reporting of overall survival
data more broadly for cancer drugs approved in Canada.

Summary
The lack of definitional clarity for assessing eligibility raises
concerns about whether accelerated pathways are being
appropriately utilized to expedite patient access to therapies
for which no satisfactory treatment options exist. If unmet
medical need is not clearly defined and assessed, the tradeoff
that forms the basis of the conditional approval pathway may be
undermined, and risks becoming a mechanism for drug sponsors
to expedite market access.Without clear assessment criteria, drug
manufacturers can easily demonstrate that their drug addresses
an unmet medical need, rendering the eligibility criterion
arbitrary. Granting drugs market approval that have not reached
the generally accepted threshold of substantial evidence of safety
and efficacy based on an arbitrary determination of whether
that drug targets an unmet medical need has the potential to
undermine public trust in government institutions and increase
the risk to patients, either because of safety signals only detected
post-market that would ordinarily have been detected in pre-
market clinical trials, or because of patients using drugs that are
found out to be ineffective only after already being on market.
Accelerated pathways represent important opportunities for
new drugs to gain market access that may be precluded under
standard regulatory pathways. For example, in the case of drugs
for rare diseases and drugs for emergencies, the added certainty
associated with waiting for more evidence may be outweighed
by the benefit of earlier access. Additionally, in some cases,
satisfying the “substantial evidence of clinical effectiveness”
requirement may be impractical, or even impossible. However,
a clearer definition of unmet medical need will ensure that an
accelerated pathway is used to enable patient access to new drugs
for serious conditions that address such needs.

Additionally, the examples discussed above demonstrate
an underwhelming responsiveness to post-market evidence,
in terms of responsiveness to regulatory decisions in the
US, confirmatory trials, and the results of confirmatory
trials. Regulatory responsiveness is an important trade-off in
conditional drug approvals. The promise to withdraw, transfer,
or update the indication in a timely manner ensures that patients
and physicians have up to date regulatory information to support
clinical decision making. Under the proposed approach to
impose terms and conditions on drug approvals more broadly, it
can be expected that postmarket confirmatory trials will continue
to be relied upon to address uncertainties that exist at the time of
approval or that arise post-market. The examples discussed above
confirm concerns expressed previously in other jurisdictions that
post market confirmatory trials should not be relied upon to
address uncertainties under existing regulatory structures (66).
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HOW CAN THE CURRENT NOC/C
PATHWAY INFORM THE PROPOSED AGILE
REGULATORY APPROACH?

The new approach to conditional drug approvals in Canada is
currently in the consultation stage, with a Notice of Intent issued
by Health Canada that sets out the contours of a proposed new
agile regulatory approach (16). The Notice of Intent does not
specify whether the NOC/c policy will be replaced by the novel
approach, however, it seems redundant to maintain it alongside
the proposed agile regulations. Additionally, the Notice of Intent
claims that the proposed changes will leverage experience with
the NOC/c policy to date. A few key features specified in the
Notice of Intent, when considered in concert with our analysis
above, form the basis for our recommendations on the future of
conditional regulatory approval approaches in Canada.

First, the new approach seeks to broaden the eligibility
criteria, removing the requirement to demonstrate that the
drug addresses an unmet medical need, either by targeting
an indication for which there is no treatment available, or by
demonstrating an improvement over existing therapy. Instead,
the Notice of Intent specifies that terms and conditions will
be used predominantly for: drugs that address a serious,
life-threatening, or severely debilitating disease or condition;
emergencies; or where there is uncertainty about new drugs
that could be addressed by additional clinical trials and real-
world experience (16). As a non-exclusive requirement, it can
be assumed that broadening the eligibility criteria will result in
post-market conditions being used more widely than under the
current NOC/c policy.

Broadening the eligibility criteria is concerning for a few
reasons. First, it is important to differentiate between imposing
terms and conditions at the time of approval compared to
imposing terms and conditions in response to safety signals or
other new information that becomes available post-approval. In
the latter case, there is less concern about the impact of such an
approach on the initial approval; reviewers are unlikely to predict
or consider the potential for terms and conditions to be added at a
later point in time. This tool is a welcome addition in support of a
lifecycle regulatory approach by clarifying Health Canada’s ability
to require the submission of clinical information. However, the
power to add terms and conditions at the point of initial market
approval based on broad eligibility criteria is concerning because
of the impact that terms and conditionsmay have on the approval
decision making process. When reviewers are aware that post-
market conditions can or will be imposed on an approval, they
may, whether intentionally or not, be more accepting of evidence
gaps or rely too heavily on the ability of deferred post-market
activities to resolve uncertainties (67). Additionally, research has
demonstrated that accelerated approval leads to quicker patient
access to drugs, but slower access to crucial clinical information
because of the barriers to completing randomized clinical trials
once a drug is already on market (68–70). The case studies
discussed above confirm that post-market evidence does not
necessarily accumulate to inform regulatory status and approved
indications. Terms and conditions imposed at the time of initial

approval should be limited to narrow circumstances where the
benefits of earlier access clearly outweigh the additional risks
associated with approving a drug based on less mature evidence.

Broadening eligibility could be justified by less flexible
evidence requirements under the proposed approach, which
suggests that Health Canada will no longer permit approvals
not meeting the regulatory standard of “substantial evidence of
clinical effectiveness,” typically interpreted as requiring “at least
two adequate andwell controlled clinical studies, each convincing
on its own to establish effectiveness of the drug (19).” There
is reason to be suspect of the feasibility of such an approach.
Approvals, particularly for oncology drugs under the NOC/c
policy over the last decade, have demonstrated deviations from
the standard regulatory threshold (7). Additionally, alternative
clinical trial designs, such as basket and umbrella trials are
increasingly relied upon for clinical development of oncology
drugs targeting rare biomarkers or small patient populations,
posing challenges for strict adherence to the requirement for
RCTs (71, 72). Much like it is more difficult to withdraw a
drug approval than to not approve it in the first place, it
can be expected that upholding a higher evidence threshold
after decades of permissiveness will face significant pushback
from industry.

Whether Health Canada will uphold the standard set out in
regulations or continue to exercise flexibility in assessing drug
submissions will remain to be seen, however experience in the
US may provide some insight. FDA states that submissions for
approval under the AA pathway must meet the same statutory
standard for effectiveness as drugs approved through regular
approval pathways, which requires substantial evidence based
on adequate and well controlled clinical trials (73). Despite
this requirement, studies have found that this is not rigorously
applied. One study found that 14/24 reviewed approvals granted
AA were based on non-randomized, non-comparative single-
group studies (12). Similar findings have been found for
drug approvals more generally; one study found that that the
proportion of approvals supported by only single-group pivotal
trials has increased from 1995 to 2017 (74). Furthermore,
several studies have found that approving drugs with limited
clinical evidence, once intended to be the exception has instead
become the new norm (66, 75, 76). Notwithstanding a literal
reading of the new regulatory approach, it seems unlikely
that Canada will stop exercising flexibility to approve drugs
with promising evidence and start requiring strict adherence
to regulatory requirements requiring substantial evidence of
clinical effectiveness. Flexible regulatory approaches remain
an important route to market for many types of drugs and
conditions, and have become standard internationally.

Under the proposed regulatory system, which would replace
the NOC/c policy with the broader ability to impose terms
and conditions on drug approvals, demonstrating eligibility
criteria will be a much simpler exercise. The Notice of Intent
states that the use of terms and conditions is intended for
drugs that address a serious or severely debilitating disease
or emergency circumstances. While this approach will remove
the challenges associated with defining and assessing unmet
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medical need, it also fundamentally changes the balance that
conditional approvals seek to strike between earlier access to
drugs and mitigating uncertainty. Restricting eligibility to drugs
that address an unmet medical need, however it may be defined,
limits the privilege of earlier access to circumstances where
patients have few or no other treatment options. In such
circumstances, patients may be more willing to accept the higher
risk associated with the uncertainty of approval based on less
evidence. In any case, clear and comprehensive definitions that
account for clinical realities should be developed to guide the
application of assessment for terms and conditions under the new
approach. As we have demonstrated, poorly defined regulatory
requirements result in inconsistent and unpredictable application
of the current NOC/c Guidance. While it does not appear from
the Notice of Intent that unmet medical need will continue
to be an eligibility requirement under the new approach, if
it is, developing clear definitions for when an unmet medical
need exists, including how to define the availability of existing
therapies, will be needed.

Second, the new approach to terms and conditions on
drug authorizations will address some of the major challenges
identified with the NOC/c policy associated with completion
and submission of clinical trials by enshrining the ability to
add terms and conditions on drug approvals in the regulations.
Currently, the NOC/c policy is guided only by policy, including
the non-legally binding Guidance Document. The power to
add terms and conditions to drug approvals is an important
step toward adopting a lifecycle approach to the regulation of
drugs. Under more traditional regulatory approaches, regulators
often had little power to compel drug manufacturers to conduct
studies or share information in response to post-market safety
or efficacy issues. Coupled with the lack of incentives for drug
manufacturers to conduct studies and collect information that
could adversely impact their regulatory standing, useful post-
market clinical information was not often collected (2, 41, 77–
79). Health Canada should be commended for introducing
regulations that empower the Minister of Health to collect and
respond to post-market evidence on all drug approvals, not
just those that are conditionally approved. However, experience
with conditional approvals in Canada and abroad indicate that
withdrawing or limiting approved indications is much more
difficult to do in practice than it is to delay or avoid approving
them in the first place (67, 80–82). Even jurisdictions such
as the US with the regulatory power to enforce post-market
confirmatory trials requirements have faced challenges ensuring
their timely completion (2, 45, 80, 83), suggesting that the power
to enforce completion and submission of confirmatory trials is
not sufficient.

Many have recommended alterations to the mechanisms for
assessing the status of post-market conditions to mitigate the
delays and maladapted incentives inherent in current approaches
in Canada and the US. Recommendations include requiring
confirmatory trials to be underway at the time of approval,
transparent and strictly enforced deadlines, harsher penalties
for non-compliance, and automatic review of conditions to
avoid “dangling” approvals, sluggish trials, and to permit for
rapidly changing therapeutic landscapes (4, 7, 46, 78). These

should be considered in Canada’s new regulatory approach. To
adopt such mechanisms, Health Canada will need to respond to
conditionally approved drugs that are either non-compliant or
rendered redundant because of new treatment options. Allowing
drugs to remain on market in these circumstances leaves patients
and physicians to bear the risks associated with prolonged
uncertainty, while drug manufacturers reap the rewards of
earlier market access. It is not sufficient to simply include the
threat of financial penalties for non-compliance or withdrawal
of regulatory approval. Additionally, these regulatory approaches
are focused on penalizing the sponsor with little consideration for
how to address the concerns and needs of patients and physicians
who are using the drugs. It is also important to consider potential
regulatory tools that can be adopted to manage rapidly changing
therapeutic landscapes, which can render conditional approvals
obsolete and further disincentive drug manufacturers to further
invest in confirmatory trials.

Our final recommendation applies both to pre-approval
eligibility assessments and post-market confirmatory trials. Our
analysis confirms that lack of transparency about decision-
making processes is a considerable barrier to understanding
and evaluating the NOC/c policy (5–7). The Notice of Intent
does not specifically address transparency measures. To promote
accountability, Health Canada will need to ensure transparency
of the content and status of conditions, as well as the
decision frameworks used both to decide whether to implement
conditions, and whether to remove them. Clear decision
frameworks are necessary to ensure not only accountability, but
to encourage consistent decision making. Increased transparency
will also go a long way to increasing consistency in decision
making; a challenge we have highlighted in our above analysis
that has also been identified in the US (84). The FDA
Oncology Center of Excellence recently announced Project
Confirm, an initiative to “promote the transparency of outcomes
related to Accelerated Approvals for oncology indications (40).”
Initiatives such as Project Confirm demonstrate the demand for
transparency measures that address oncology-specific concerns.

LIMITATIONS

Information on NOC/c’s granted between 1998 and 2004 were
not available through the wayback machine, so this analysis likely
underestimates the total number of drugs approved under the
NOC/c policy, particularly for this time period. In addition,
many Health Canada websites and databases are not up to date.
There is often a time lag between when drugs are approved and
when Regulatory Summaries are published, so these documents
are not typically available for several years after approval. There
was significant variability in the amount of information available
for each drug/indication, depending on what documents were
publicly available. In addition, there were often discrepancies
in the information provided between sources. Further, Health
Canada does not make available information on whether clinical
trial results or notice of foreign regulatory decisions have been
submitted, so it is possible that some of the information is
still under consideration by Health Canada. Our analysis relied
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upon information presented in publicly available documents to
discern Health Canada’s decision-making processes, but there
may have been additional information reviewed or considered,
and the public documents may not fully reflect the decision-
making process nor the evidence available to Health Canada.
Additionally, our review was limited to drugs approved under
the NOC/c policy. We did not review drugs approved under the
regular drug approval pathway. As a result, we cannot be certain
that our findings are unique to the NOC/c policy.

CONCLUSION

Conditional approval pathways have represented a significant
path to market for new oncology drugs and indications over
the last decade. Conditional approval pathways in Canada
and abroad have been subject to ongoing criticism for lack
of enforceability and lack of transparency. Here we assessed
two components of the NOC/c policy that represent core
tradeoffs of conditional approval pathways: limiting eligibility
to drugs that address an unmet medical need, and regulatory
responsiveness. Experience to date with these components of
the policy are relevant for informing the further development
of Health Canada’s proposed agile regulations for drugs.
Our analysis revealed that eligibility criteria are not clearly
defined and inconsistently applied under the NOC/c policy,
undermining the justification of earlier market access based
on less mature evidence. Broadening eligibility for post-market
conditions to include drugs for all indications is appropriate
when implemented in response to new post-market information.
However, broadening eligibility criteria to implement terms
and conditions at initial regulatory approval decision is more
concerning. The added risk of permitting earlier access to
drugs based on immature clinical evidence is typically justified
by unmet medical need. Despite an intent not to permit
deviation from the regulatory standard of demonstrating clinical
effectiveness, there is reason to suspect the feasibility of
applying stringent regulatory standards after an extended period
of flexibility.

Our analysis also considered regulatory responsiveness,
assessed by Health Canada’s response to regulatory decisions
made in the US, responsiveness to completed confirmatory
trials, and indication changes following receipt and review
of confirmatory trial results. Across the first two categories,
Health Canada’s responsiveness is slow. As a result, conditionally
approved drugs and indications remain available in Canada after
they have been withdrawn in the US or remain conditionally
approved after they have been transferred to standard approval

in the US and after the results of the confirmatory trials are
available. The ability for regulatory status to be updated in
response to new information is crucial to uphold the integrity
of conditional regulatory approval pathways and to ensure that
patients and physicians have the most up to date information
available to them. Additionally, there was a small cohort of
drugs that had conditions removed and caveats added to the
indication, suggesting a new class of approved drugs that
have neither met the evidence standards expected of approved
drugs (substantial evidence of clinical effectiveness), nor
carry the added labeling and warning requirements associated
with conditionally approved drugs. Together, these examples
suggest that current mechanisms for collecting, assessing, and
responding to evidence collected post-market are not sufficient
to inform regulatory status and clinical practice.

Experience to date with the NOC/c policy is useful for guiding
the further development of the new agile regulatory approach for
drugs. While enshrining enforcement mechanisms in regulations
is an important amendment to the current approach, further
consideration of assessing eligibility and enforcing post-market
commitments is needed to encourage appropriate use of post-
market terms and conditions.
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Background: Beyond evaluation and approval, European and national regulators have

a key role in providing reliable information on biosimilars and the science underpinning

their development, approval, and use.

Objectives: This study aims to (i) review biosimilar information and guidance provided

by EMA and national medicines agencies and (ii) explore stakeholder perspectives on the

role of regulators in enabling acceptance and use of biosimilars.

Methods: This study consists of (i) a comparative review of regulatory information and

position statements across medicine agencies (n = 32) and (ii) qualitative interviews with

stakeholders in Europe (n = 14).

Results: The comparative analysis showed that regulatory information and guidance

about biosimilars offered by national medicines agencies in Europe varies, and is limited

or absent in multiple instances. Approximately 40% (13/31) of the national medicines

agencies’ websites did not offer any information regarding biosimilars, and for about

half (15/31) no educational materials were provided. Only less than half of national

medicines agencies provided guidance on biosimilar interchangeability and switching

(8/31 and 12/31, respectively). Among the national medicines agencies that did offer

guidance, the extent (e.g., elaborate position vs. brief statement) and content (e.g.,

full endorsement vs. more cautious) of the guidance differed substantially. Countries

that have a strong involvement in EU level biosimilar regulatory activities generally had

more elaborate information nationally. Interviewees underwrote the need for (national)

regulators to intensify biosimilar stakeholder guidance, especially in terms of providing

clear positions regarding biosimilar interchangeability and switching, which in turn can

be disseminated by the relevant professional societies more locally.

Conclusion: This study revealed that, despite strong EU-level regulatory biosimilar

guidance, guidance about biosimilars, and their use differs considerably across Member

States. This heterogeneity, together with the absence of a clear EU-wide position on

interchangeability, may instill uncertainty among stakeholders about the appropriate use

of biosimilars in practice. Regulators should strive for a clear and common EU scientific
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position on biosimilar interchangeability to bridge this gap and unambiguously inform

policy makers, healthcare professionals, and patients. Furthermore, there is a clear

opportunity to expand information at the national level, and leverage EU-developed

information materials more actively in this regard.

Keywords: regulatory, biosimilar, biological, guidance, switching, interchangeability, substitution, policy

INTRODUCTION

With the expiration of patents and other exclusivity rights on
many best-selling and high-cost biologics, biosimilar alternatives
have gradually been entering the European market over past
years. As defined by the European Medicines Agency (EMA), a
biosimilar is a biological medicine that is highly similar in quality,
safety, and efficacy compared to an already approved biological
product (also called the reference product) (1, 2). Biosimilar
market entry and the resulting price competition has shown
to positively impact healthcare systems across Europe, in terms
of lowering treatment cost of biological therapies and in some
instances by broadening patient access to biological medicines
(3, 4). Europe has pioneered the regulation of biosimilars
by establishing a robust regulatory framework for marketing
authorization in 2004, and the very first biosimilar approval
(Omnitrope R©, a biosimilar of somatropin) in 2006 (1, 5).

Over the past 15 years, considerable experience with
biosimilar evaluation has been accumulated, and the EMA has
issued and updated scientific guidelines outlining biosimilar
development data requirements (6). Biosimilar approval is based
on the demonstration of biosimilarity, i.e., a high level of
similarity to the reference product in terms of quality, safety,
and efficacy to the reference product. To this end, comprehensive
comparability studies with the reference product are carried
out (1, 2). With the exception of some low-molecular weight
heparins, all biosimilars approved for use in the EU have
been approved via the centralized procedure, i.e., through the
EMA, as they use biotechnology for their production (1).
Since the first biosimilar approval in 2006, over 65 biosimilars
have been granted marketing authorization in Europe, and
are available in different disease areas such as endocrinology,
hematology, rheumatology, gastroenterology, and oncology (7).
The European biosimilar landscape is likely to continue to
expand in future years. Presently, 10 biosimilar marketing
authorization applications are under review by EMA’s Committee
for Medicinal Products for Human Use (CHMP) and ∼120
originator biologicals products are expected to lose exclusivity in
the next 10 years, opening up more opportunities for biosimilar
development and competition (8).

Despite the strong EU track-record in terms of biosimilar
evaluation and approval, which resulted in the availability of a
multitude of biosimilar products with an EU-wide marketing
authorization, biosimilar adoption has been of varying success
across healthcare systems and products (4). Reasons for low
biosimilar use are multifaceted and some may be specific to local
context and healthcare organization. However, overall, one of the
main commonalities appears to be a limited understanding of

biosimilars among healthcare providers and patients which in
turn may hamper willingness to use them (9). Several studies
have shown rather limited knowledge and confidence levels in
biosimilars among European healthcare providers and patients,
indicating uncertainty and resulting in hesitation to use them
(10–18). Limited understanding and trust in biosimilars may
in part be explained by the fact that the science underpinning
biosimilar development poses a new paradigm, different from
that of the development of novel drugs, for stakeholders to
become acquainted to, understand and trust, and a general
lack of understanding of biological medicines and biotechnology
(19, 20). Furthermore, disparagement and misinformation about
biosimilars, whether intentional or otherwise, is considered to
have strongly contributed to misconceptions about biosimilars
among healthcare providers and patients (21, 22).

Over the past years, the science behind biosimilars has
been progressively adopted by healthcare professional societies,
endorsing biosimilar use in their position statements (23–25).
The EMA, together with the European Commission (EC), took
an active stance and made considerable efforts in developing
biosimilar educational resources for healthcare professionals and
patients. The EC committed itself to the organization of a yearly
multi-stakeholder conference on biosimilar medicines, providing
a platform to relevant stakeholders to share experiences on
the use of biosimilars and discuss relevant policy choices and
practices (26). Also national medicines agencies, and various
healthcare professional and patient organizations on both pan-
EU and national level did so (1, 26–31). Yet, uncertainties and
a general lack of familiarity with biosimilars appear to persist
among the broader population of healthcare professionals and
patients, underlining the need for continued information and
guidance and possibly more integrated approaches in terms of
reaching the relevant stakeholders (9, 32).

Guidance may be especially needed regarding the
interchangeable use of biosimilars with their reference product,
since most best-selling biologicals are used in a chronic setting
(33). Interchangeability is defined as “the possibility of exchanging
one medicine for another medicine that is expected to have the
same clinical effect. This could mean replacing a reference product
with a biosimilar (or vice versa) or replacing one biosimilar with
another” (1). Questions on the appropriateness of exchanging a
reference product with a biosimilar (or vice versa) or exchanging
one biosimilar with another of the same reference product (if
done by the prescribing physician, termed “switching,” or if
done by the pharmacist, termed “substitution”) (1) should be
addressed in a clear and unambiguous manner. Contrary to
the evaluation and approval of biosimilars, which is generally
centrally organized, decisions related to prescribing practices
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BOX 1 | Study highlights.

What is already known about the topic?

• The EU pioneered the regulation of biosimilars, with establishing a framework for their evaluation and approval in 2004. Since then, the EU has approved over 65

biosimilars, the highest number of biosimilar approvals worldwide.

• While the evaluation and approval of biosimilars generally takes place on EU centralized level, guidance on their use (including guidance on interchangeability, and

its related practices switching and substitution) is a responsibility of the individual Member States.

• Biosimilar use has been limited in some healthcare systems, which in part may be attributed to a variable understanding about the science and regulation

underpinning their safe use among stakeholders. Moreover, healthcare professionals and patients have questions on the interchangeable use of biosimilars,

and its related practices switching (exchange by the prescriber) and substitution (exchange at the pharmacy), and require guidance from regulators in this regard.

• The availability of information on biosimilars and clear regulatory position statements on interchangeability, including switching and substitution practices, is

important to build confidence in biosimilars and inform healthcare professionals and patients on their appropriate use in clinical practice.

What does the study add to existing knowledge?

• This article reports results from a comparative review of the biosimilar information and position statements from the EMA and national regulatory agencies,

complemented with qualitative insights from interviews with healthcare and pharmaceutical industry professionals on the role of European and national regulators.

• The results of this study reveal that information from national medicines agencies on biosimilars, and also guidance related to interchangeability, switching and

substitution, differs considerably across Europe in terms of availability, extent, and content. Study results indicated that strong involvement in EU-level biosimilar

regulatory activities (i.e., as national rapporteur/co-rapporteur for biosimilar MAA or member of the BMWP) seemingly correlates with the availability of more

elaborate information and guidance on the national level.

• Important opportunity exists to expand biosimilar information on Member State level, as ∼40% of national medicines agencies does not offer any biosimilar

information or guidance on their use at present. Existing, EU developed healthcare professional and patient information materials can be leveraged more actively

in this regard.

• Without the aim of interfering with local switch and substitution practices, regulators should collaborate to create a unified EU scientific position on the

interchangeability of biosimilars, to unambiguously inform healthcare professionals, policy makers and patients with biosimilar use in clinical practice.

What insights does the paper provide for informing health care-related decision making?

• This study provides insight on the information and positions that European and national regulators provide on biosimilars and their use, and puts forth considerations

on how regulatory action can further enable stakeholder trust in and use of biosimilar medicines.

• Findings may inform decision makers and healthcare professionals with the continued use and informed integration of biosimilars in healthcare systems and

clinical practice.

BMWP, Biosimilar Medicinal Products Working Party; EMA, European Medicines Agency; EU, European Union; MAA, Marketing Authorization Application.

of approved medicines, including on interchangeability, fall
under the responsibility of the individual EU Member States
(1). As such, EMA has no official position or does not make
recommendations on the interchangeability of biosimilars with
their reference product (1, 34). The vacuum of guidance on
EU level in this regard may be understood by some as a lack
of crystallization of regulatory knowledge and endorsement of
the safety of switching a reference product to its biosimilar or
vice versa.

It is essential for healthcare professionals and patients to
have access to trustworthy information about biosimilars, and
their use. Regulators, as trusted and unbiased stakeholder, have a
crucial role in providing this type of information. The availability
of guidance and clear position statements on interchangeable use,
including switching and substitution practices, from medicines
agencies about biosimilars may be especially important to build
confidence in biosimilars and enable their appropriate use.

The aim of this study is 2-fold. First, we aim to analyse
how regulators on pan-European and national level provide
information and guidance on biosimilars and their use, with
a focus on guidance related to interchangeability, switching,

and substitution. Second, we explore the perspective of two
demand side stakeholder groups; healthcare and pharmaceutical
industry professionals, on the role that regulators have in
enabling acceptance and use of biosimilar medicines. In Box 1,
an overview of the study highlights is shown.

METHODS

Amixed methods design was employed, consisting of (i) a review
and comparative analysis of available regulatory information
on biosimilars in Europe and (ii) semi-structured stakeholder
interviews to gain qualitative insights.

Review and Comparative Analysis of
Information and Position Statements From
EMA and National Medicines Agencies
About Biosimilars and Their Use
To analyse the availability, type, and extent of information
and guidance provided by the European and national medicine
agencies on biosimilars, the EMA and the national competent
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authority (NCA) websites in Europe were reviewed for content
on biosimilars. Websites of the EMA and NCAs of the 27 EU
Member States, the European Economic Area (EEA) (Norway,
Liechtenstein and Iceland) and the UK, were screened (31
European countries in total). NCA websites were identified via
the list provided on EMA’s website and screened up to March
2019 (35). The overview of consulted NCA websites can be
found in Supplementary Table S1. For countries for which two
agencies were listed, information was integrated and counted as
one in the results section. In total, 36 websites were screened for
biosimilar information, both in English and with translated terms
in the local language. Non-English retrieved information was
translated to English with the help of an online text translator.
Identified information was extracted based on a predefined set of
parameters and subsequently tabulated in Microsoft Excel.

Next, a sub analysis was conducted to explore a potential
positive correlation between the information and guidance
provided on biosimilars on a national level and the country’s
involvement in EU-level biosimilar regulatory activities.
In order to assess the latter, countries’ representation in
the EMA’s Biosimilar Medicinal Products Working Party
(BMWP) and their involvement in the central evaluation
of biosimilars was reviewed. To this end, the publicly
available information on the composition of the BWMP
was consulted (overview provided in Supplementary Table S2)
and the European Public Assessment Report (EPAR) of
every centrally approved biosimilar with a valid marketing
authorization was screened for information on rapporteur

and co-rapporteurships (overview provided in Figure 1).
The analysis covered biosimilars that received marketing
authorization or a positive opinion pending EC decision
between 2006 and 2020. Products that were withdrawn
post-authorization and duplicate marketing authorizations
were excluded.

Qualitative Stakeholder Interviews
To elicit qualitative insights, needs and proposals regarding
regulatory guidance and information dissemination for
biosimilars, exploratory semi-structured interviews (n = 14)
were conducted with two European demand-side stakeholder
groups, i.e., healthcare professionals and pharmaceutical
industry representatives. A purposive sample of interview
participants was gathered via professional organizations and
via the network of the research group. A topic guide was
designed, evaluated and piloted with one participant per
stakeholder group. Supplementary Table S3 in Supplementary
Information provides an overview of the topics discussed
during the interviews. Interviews were conducted face-to-face
or via teleconference between February 2019 and April 2019.
Interviews were audio-recorded and transcribed ad verbatim
with the written informed consent of the participant. Interviews
were conducted until data saturation (36). The ad verbatim
transcripts were pseudonymized, coded and thematically
analyzed according to the thematic framework approach, using
NVivo qualitative data analysis software (37).

FIGURE 1 | Rapporteurship of centrally evaluated biosimilars. *Biosimilars that received marketing authorization or received a position opinion and were pending EC

decision between 2006 and 2020 were considered. Products that were withdrawn post-authorization were excluded. Duplicates were excluded.
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RESULTS

Comparative Analysis of Information and
Position Statements From EMA and
National Medicines Agencies About
Biosimilars and Their Use
Biosimilar Information and Education Resources for

HCP and Patients From Regulators Across Europe
Besides providing scientific, regulatory, and procedural guidance
as part of one of the Agency’s principal responsibilities as
regulatory authority, the EMA developed together with the EC
educational materials on biosimilars for healthcare professionals
and patients (1, 27, 38). Both the information guide for healthcare
professionals and the information leaflet for patients were made
available in all 23 official EU languages. In addition, an animated
educational video “Biosimilarmedicines in the EU” was developed
and translated into multiple EU languages. The EMA’s website
has a dedicated landing page for biosimilar related information,
which includes hyperlinks to these educational materials and
other relevant information resources, on biosimilars in general
and on a product-specific level (38). Figure 2 provides an
overview of the information and guidance that is provided by
EMA on biosimilar medicines.

On the level of the individual Member States, the provision
of information and educational materials on biosimilars
varied between countries. Surprisingly, of the 31 medicines
agencies, only 19 offered information about biosimilar medicines
(Figure 3). Of the national medicines agencies that offered
information about biosimilars, all except for Austria, Malta, and
Norway, also provided educational resources on biosimilars.
The type of educational material displayed differed across
agencies. Either these were designed by the NCA itself or
originated from the EMA/EC prepared stakeholder information
material. Eight agencies relied fully or in part on one
or multiple of the EMA’s/EC’s educational resources on
biosimilars. Table 1 presents an overview of the availability of
information and educational materials on biosimilars by national
medicines agencies. Educational materials provided by regulators
included videos, radio spots, booklets, workshops, conferences,
position papers, campaigns, and presentations. An overview of
educational materials and initiatives per NCA is presented in
Supplementary Table S4.

Regulatory Position Statements on

Interchangeability, Switching, and Substitution
As prescribing practices and advice to prescribers falls within the
remit of the individualMember States, there is no official position
or recommendation on the interchangeability of biosimilars at
the EU level (1). However, a group of regulators, members
of the Biosimilar Medicinal Products Working Party (BMWP),
EMA/CHMP’s European expert group on biosimilars, published
under personal name an article stating that biosimilar products
authorized in the EU are interchangeable (33). More in
particular, they conclude that the demonstration of biosimilarity,
together with post-marketing surveillance, adequately ensures
interchangeability of EU-approved biosimilars under supervision

of the prescriber. Further, they mention that, if needed, the
patient should receive proper training on the administration of
the new product (33).

In the EMA/EC biosimilar information guide for healthcare
professionals, clear definitions have been provided on
interchangeability, switching and substitution. The guide
goes further with stating that “there is no reason to believe
that harmful immunogenicity should be expected after switching
between highly similar biological medicines.” Furthermore, it
includes that “any decision on switching should involve the
prescriber in consultation with the patient, and take into account
any policies that the country might have regarding the prescribing
and use of biological medicines” (1). In the EC’s patient Q&A
leaflet on biosimilars, mention is made that “switching is a
growing practice in some Member States” (27).

In 2019, the International Coalition of Medicines Regulatory
Authorities (IMCRA), bringing together heads of 29 medicines
regulatory authorities from different regions of the world—
of which the EMA and EU national medicines agencies
are member—released a position statement for healthcare
professionals aiming to provide them with assurance and
confidence in biosimilar use. On switching, they comment
that it is “an accepted clinical practice in many countries”
(3). Table 2 provides an overview on available statements
and guidance by regulators and regulatory agencies at the
European level.

On the level of the individual Member States, positions
on interchangeability, switching, and substitution for biological
medicines were not provided by all and varied in extent
and content. Despite this being the responsibility of the
Member States, guidance about interchangeability, switching,
and substitution was absent from more than half to two third
(60–74%) of national medicines agencies (Table 1). Figure 4

provides a schematic overview of the type of positions provided
by national medicines agencies on interchangeability, switching,
and substitution.

With regards to interchangeability, only eight out of 31
medicines agencies offered an explicit statement. When available,
positions varied between agencies in terms of message. While
some regulatory agencies endorsed interchangeability of
biosimilars, such as the Finnish Medicines Agency (FIMEA)
or the Dutch Medicines Evaluation Board (MEB) providing
already an explicit position in 2015, others provided a
more reserved statement (Supplementary Table S5). The
Swedish agency was more cautious, stating that “the risk of
immunological reactions during frequent changes is incompletely
elucidated.” Contrary to most agencies which generally provided
a brief statement of a few sentences, FIMEA published a
dedicated four page report to define their position on the
interchangeability of biosimilars, providing information on
context and explaining the scientific rationale behind their
position (39).

With regards to switching, 12 NCA websites provided
an explicit position. In general, switching statements were
comparable between NCA websites, commenting that relevant
changes in treatment outcomes are not expected upon switching
from the reference product to a biosimilar or vice versa. Despite
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FIGURE 2 | Overview of EMA’s information material and guidance documents on biosimilar medicines. *Available in 23 official EU languages. **Available in English and

other EU languages (Dutch, English, French, German, Italian, Polish, Portuguese, Spanish). ***For recombinant granulocyte-colony stimulating factor,

low-molecular-weight heparins, recombinant human insulin and insulin analogs, interferon beta, monoclonal antibodies, recombinant erythropoietins, recombinant

follicle-stimulating hormone, somatropin.

FIGURE 3 | Overview of biosimilar information and guidance provided by national medicines agencies across Europe.

being generally supportive, different nuances were made. Some
agencies focussed mainly on reassuring the safety of switching
by for example referring to the growing availability of clinical
switch data. Others underlined the authority of the prescribing
physician in making switch decisions without providing further
guidance. Two agencies explicitly discouraged back and forth
switching between biosimilars and their reference product. Only
three national medicines agencies specifically made reference to
biosimilar to biosimilar switching (Supplementary Table S6).

In the context of (automatic) substitution, only 10 national
medicines agencies provided a clear position of which most
indicating automatic substitution to be not allowed. A few
countries pointed toward foreseen changes in legislation
to eventually permit automatic substitution of biologicals
(of certain product types or under certain conditions)
(Supplementary Table S7). In Germany, substitution of
biosimilars was already possible, but limited to the substitution
of “bioidenticals” or “duplicates,” i.e., biosimilars made by the
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TABLE 1 | Overview of availability of biosimilar information and guidance provided by national medicines agencies.

Country Information on biosimilars Educational material Interchangeability position Switching position Substitution position

Available EMA/EC material*

Austria Y N N N N N

Belgium Y Y N N Y Y

Bulgaria N N N N N N

Croatia Y Y Y Y Y Y

Cyprus N N N N N N

Czech Republic N N N N N N

Denmark Y Y N N Y N

Estonia N N N N N N

Finland Y Y N Y Y Y

France Y Y N Y N N

Germany Y Y N N Y Y

Greece N N N N N N

Hungary Y Y Y N N N

Iceland Y Y Y N N N

Ireland Y Y N Y Y Y

Italy Y Y Y Y Y N

Latvia N N N N N N

Liechtenstein N N N N N N

Lithuania N N N N N N

Luxembourg N N N N N N

Malta N N N N N N

Netherlands Y Y Y Y Y Y

Norway Y N N N Y Y

Poland N N N N N N

Portugal Y Y Y N Y Y

Romania N N N N N N

Slovakia Y Y Y N N N

Slovenia N N N N N N

Spain Y Y Y N N N

Sweden Y Y N Y Y Y

UK Y Y N Y Y Y

*EMA/EC’s HCP and/or patient guide and/or animated video presented on website. Y; available, N; not available.

same manufacturer, which have been licensed under a different
brand name. More recently, a new legal framework has been
introduced in the context of the “Gesetz für mehr Sicherheit in
der Arzneimittelversorgung (GSAV)” or “law for more safety
in the supply of pharmaceuticals,” broadening the application
of automatic substitution of biologicals beyond bioidenticals
(40). The German Statutory Health Insurance (G-BA) is
responsible of translating this into practice, with offering two
sets of guidance: one toward physicians with details on how to
switch and one toward pharmacists, providing a positive list
of biosimilars eligible for automatic substitution. The change
is planned to come into effect in 2022 (40). Also in Norway,
the possibility for automatic substitution of biologicals is being
considered, with the national medicines agency proposing
the Pharmacy Act § 6-6, which forms the basis for generic
pharmacy substitution, to be changed to allow automatic

substitution for biologicals (41). Table 3 provides an overview
of automatic substitution practices for biological medicines
across Europe.

In general, regulatory medicines agencies from Western
and Northern European countries appear to provide
more elaborate biosimilar guidance. Strong representation
of Member States in EU level regulatory activities for
biosimilars such as involvement in EMA’s BMWP [with
members from Austria, Belgium, Denmark, Finland, France,
Germany, Ireland, Sweden, and the Netherlands (43),
overview in Supplementary Table S2] and rapporteur or
co-rapporteurship (Figure 1: Germany, UK, Finland, Austria,
and the Netherlands have been most frequently in the lead)
in biosimilar evaluation appears to have translated in more
elaborate and outspoken regulatory biosimilar guidance on a
national level.
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TABLE 2 | Positions about biosimilar interchangeability, switching, substitution by regulators at the European level.

EMA/EC HCP and patient biosimilar information guides (1, 27)

- The HCP guide explains that EMA does not regulate interchangeability, switching, or substitution as these practices are under the responsibility of Member States.

As such, no formal position is provided about interchangeability or substitution.

- However, some supportive messages dispelling concerns about switching were included:

• HCP guide: “There is no reason to believe that harmful immunogenicity should be expected after switching between highly similar biological medicines,” “if a

patient is switched from one biological medicine to another with the same active substance, it is important to record the tradename and batch number for each

of the medicines,” “any decision on switching should involve the prescriber in consultation with the patient, and take into account any policies that the country

might have regarding the prescribing and use of biological medicines.”

• Patient Q&A: “It is possible to switch from a biological reference medicine to a biosimilar medicine and this is a growing practice in some Member States. Any

decision on switching should be taken by your doctor in consultation with you, and taking into account any policies that your country might have regarding the

use of biological medicines.”

Scientific publication by group of individual European regulators Kurki et al. (33)—“Interchangeability of Biosimilars: A European Perspective”

- “Because of the high similarity, there is no reason to believe that the body’s immune system would react differently to the biosimilar compared with the original

biological upon a switch. This view is supported by the current experience with biosimilars on the market and by literature data. In our opinion, switching patients

from the original to a biosimilar medicine or vice versa can be considered safe.”

- “Our conclusion is that biosimilars licensed in the EU are interchangeable.”

International Coalition of Medicines Regulatory Authorities/ICMRA (3), which includes EMA, EC DG SANTE and several national medicines

agencies as members—statement about confidence in biosimilar products (for healthcare professionals)

- “Changing between originator and biosimilar (i.e., a prescribing healthcare professional transferring a patient on treatment from one medicine to another) is an

accepted clinical practice in many countries.”

- “Some countries have regulatory frameworks that permit substitution at the pharmacy level (i.e., without intervention by the prescriber) under certain conditions.”

Scientific publication by group of individual European regulators Kurki et al. (64)—“Safety, Immunogenicity and Interchangeability of Biosimilar

Monoclonal Antibodies and Fusion Proteins: A Regulatory Perspective”

- “Our study, together with previous reports, suggest that concerns regarding immunogenicity upon switches are unfounded. Thus, systematic switch studies are

not needed.”

- “Interchangeability of EU-licensed biosimilars has been demonstrated. Thus, automatic substitution at the pharmacy level is, in principle, possible. From the

European perspective, substitution should be tailored to the local circumstances, such as methods for traceability, the need for training of patients and

pharmacy personnel, and the switch protocol, including the timing of/interval between switches and price differences triggering a substitution.”

FIGURE 4 | Interchangeability, switching and substitution: type of positions provided by European medicines agencies.
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Qualitative Insights From Semi-structured
Expert Interviews
Fourteen expert stakeholders participated in a semi-structured
interview. An overview of participant characteristics is shown
in Supplementary Tables S8, S9 in Supplementary Material. The
interview results are structured according to the fivemain themes
derived from thematic analysis of the interview transcripts.

EMA Leading the Way in Guidance and

Communication About Biosimilars
EMA’s efforts toward improving stakeholder understanding
about biosimilars were recognized, with several interviewees
underlining the positive evolution in terms of stakeholder
outreach. Especially, the EMA/EC information guides for
healthcare professionals and patients were perceived as
reference documents in the field, which helped to inject trust
in biosimilars and disseminate clear messages toward the
medical community.

“In the past years, the way EMA is communicating and putting

documents on their website, you see that they try to be as clear and

explicit as possible also in some kind of lay language. They try to

convert their regulatory text toward the audience of prescribers and

patients. That is positive in my opinion.” (HCP7)

“They [EMA] have been successfully convincing the physicians’

community in general that the way the evaluations have been done

is sufficiently efficacious. That was at the beginning the problem,

TABLE 3 | (Automatic) substitution for biological medicines in Europe: an overview

of practices.

Allowed

(under

specific

conditions)

(Planned)

changes to

legislation

Not allowed No info

Francea

Hungarya

Latvia

Lithuania

Poland b

Germanyd

Norway e

Austria

Belgium

Croatia

Czech

Republic

Denmark

Finland

Greece

Iceland

Ireland

Italy

Malta

Netherlandsc

Portugal

Romania

Spain

Sweden

UK

Bulgaria

Cyprus

Estonia

Liechtenstein

Luxembourg

Slovakia

Slovenia

aAuthorized by law under specific conditions (e.g., only for treatment naïve patients), but

not implemented in practice*.
bAutomatic substitution is not recommended, but due to a lack of regulation or specific

guidance, automatic substitution may occur.
cFor insulin biosimilars, insurance companies are increasingly forcing pharmacies to

substitute to the biosimilar.
dNew legislation planned [GSAV: Gesetz für mehr Sicherheit in der Arzneimittelversor-

gung], that will allow biologicals to be substituted at pharmacy level.
eProposal to alter Pharmacy Act § 6-6 (basis for generic (automatic) substitution in

pharmacies), eventually permitting automatic substitution of new classes of medicinal

products, e.g., biological drugs.

Sources: consulted NCA websites and (40–42).

because we were not familiar with the kind of investigation that the

EMA proposed.” (HCP4)

At large, EMA was considered to lead the way in terms of
biosimilar regulatory science and communication: “Once they
make a decision or statement the rest will follow. So it is important
that organizations such as EMA play their role in informing
the general public.” (I2) Strong regulatory communication
was considered especially important in the context of
dispelling misinformation about the underlying science
of biosimilars.

Also, the publication of scientific articles about biosimilars
by European regulators was recognized to have been helpful
to update the medical community. However, some interviewees
mentioned that it was not always clear to them if these
presented the position of the individual authors or that of
the agency. EMA’s website was considered to be a rich source
of information on biosimilars. Yet, despite the fact that the
website has a dedicated page on biosimilars, several interviewees
cautioned that relevant information may not be easy to retrieve
for healthcare professionals and patients. In addition, several
interviewees argued that the role of EMAmay not be well-known
by all, recommending to increase awareness about the EMA and
its activities in general.

Some interviewees mentioned that promoting biosimilars
may go beyond the remit of the EMA, and considered it not
to be the EMA’s responsibility to take up an active role in
stakeholder education. Others argued that consolidating efforts
at central level in terms of developing stakeholder guidance may
positively contribute to homogenous messaging across Member
States. A few interviewees remarked that while information
should be made available at EU level, its dissemination is the
responsibility of the NCA’s and professional organizations, who
should subsequently make use of the information to inform
stakeholders more locally.

“EMA is the reference, and they have a role to be transparent,

but I do not think it is up to them to insure dissemination of this

information. . . . They are doing more and more, but it is not their

job to make sure that all HCPs and patients know and understand

exactly what a biosimilar is. I think there is a lot to do at national

level and in the professional organizations as well.” (I7)

The European Public Assessment Report as

Transparent Tool on Biosimilar Evaluation—Is It Fit for

Purpose?
Interviewees deemed the EPAR an important tool to
transparently inform about the regulatory evaluation and
decision-making to approve or refuse a market authorization
for a given medicine. The EPAR was considered to be especially
useful by pharmaceutical industry interviewees as an instrument
for them to learn about competing products. Although
interviewees agreed that the EPAR is important to provide
insight in product evaluation, some remarks were made. First,
interviewees noted that the level of transparency provided
by the EPAR may depend on the time of publication of the
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EPAR, with newer EPARs being more detailed and structured
than older ones. Second, enhancing the level of substantiation
provided in the EPAR was noted as a point for improvement.
Reading the EPAR was considered requiring the ability to “read
between the lines,” and interviewees would like to see more
justifications regarding the outlined decisions (e.g., providing
more in depth reasoning why something was considered
acceptable or not).

While the EPAR was generally considered fit for purpose for
expert and industry stakeholders, the document was considered
too complex and long to serve as informational or educational
instrument to inform healthcare professionals with their daily
practice. Most interviewees believed that individual physicians
are not likely to use the document: “Transparency is there, but it is
not because you have a PDF online that people will read it. If you’re
a prescribing physician, you won’t read the EPAR I think.” (I4) It
was also mentioned that healthcare professionals are generally
not aware about the existence of the EPAR. Several interviews
argued that a shortened version, in addition to the full EPAR,
should be made available. It was suggested that such summary
should not only provide general information on the product (as
is currently made available in theMedicine Overview document),
but include a conclusion on why the biosimilarity assessment
was concluded to be positive, equipping stakeholders with the
rationale behind EMA’s evaluation and opinion. An interviewee
pointed toward the structural change in EPARs of more recently
approved biosimilars, which include a specific concluding section
on biosimilarity: “If you just want to grab the main points
about biosimilarity, it is easy because you can go directly to the
biosimilarity section” (HCP2).

European vs. National Responsibilities
The provision of clear information and consensus papers at EU
level was mentioned to be important to help steer and shape
initiatives at national level. Clear EU-information and guidance
may spur national agencies to action, and closer cooperation
between EMA and the NCAs was advocated in this regard.
Filling the gap between the EMA and national medicines agencies
and strengthening the guidance by the latter was considered
important. NCA guidance was believed to have a more direct and
tangible impact on activities at the national level, and NCA’s may
coordinate more easily with local stakeholders.

“I think that national competent authorities play a more important

role because they have more visibility in their respective countries”

(I1)

Interviewees argued that NCAs should explore ways to provide
more dynamic information opposed to short, static information
on the NCA’s website: “It should be more dynamic as
opposed to the way it is put now on their website.” (HCP7).
Suggestions included the establishment of a Q&A platform,
and videos where patients, physicians, and heads of the
medicines agency etc. could speak up on the use of biosimilars.
Several interviewees pointed to the fact that information
provided by NCAs appears to be difficult to retrieve in some

cases, which may be especially hindering for non-experts in
the field.

National Competent Authorities to Address

Interchangeability, Switching, and Substitution
Interviewees pointed toward the sometimes limited
and variable guidance between NCAs regarding the use
of biosimilars:

“NCAs have in general not been clear on how biosimilars could

be integrated into the treatment of patients. No one had clearly

communicated that it [interchangeable use] is a possibility. It is

a maze for a non-expert to understand what they should do in

their country. You have to go, like trying to find the Da Vinci

code, through details, websites and try to figure out what the

recommendations are.” (I4)

“Some agencies in Europe were more pro-active in this regard. I

think it is also linked to having a strong advocate in the country.”

(I4)

In addition, some interviewees found positions to be too implicit.
In this context, it was mentioned that positions appear to largely
address only a single switch from reference product to biosimilar:

“It is important to provide information more extensively and more

precisely in the future. Especially more guidance is important for

situations like multiple switching” (HCP5)

Another interviewee mentioned “NCAs could be more proactive

on that, but we have many sources of information that we use to

make our own decisions” (HCP4).

Some interviewees argued for a more central coordination
on biosimilar-related information and position statements,
to ensure convergence. Some mentioned that EMA should
publish guidance about interchangeability as the limited and
heterogeneous guidance on Member State level may lead to
confusion. Others anticipated it difficult to develop guidance that
would be accepted across Europe.

Informing and Educating Stakeholders About

Biosimilars—A Collaborative Effort Between

Regulators and Scientific Stakeholder Societies
The collaboration between EMA and healthcare professional
stakeholder organizations in the context of biosimilar
information development was recognized as positive.
Interviewees stressed the importance of joining forces, explaining
that healthcare professional stakeholder organizations can help
translate and tailor regulatory information to the needs of their
members. Healthcare professional associations were considered
to be crucial in conveying trust and should be considered as an
active link between EMA and the healthcare professionals. A
few interviewees mentioned that having information on EMA’s
website is especially important for scientific associations for
them to disseminate it, rather than for the individual physician
to consult EMA’s website directly. Well-informed physicians may
then in turn inform their patients.
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“It is crucial that these kinds of scientific associations endorse the
regulatory approval and try to express that endorsement toward

their members.” (HCP7)

DISCUSSION

Access to trustworthy and transparent information about
biosimilars and clear guidance on their use is essential
to improve understanding on biosimilars and appropriately
inform healthcare professionals and patients regarding their
implementation in clinical practice. This study aimed to assess
how regulators, both on a central and national level in Europe,
provide information and guidance about the evaluation and
use of biosimilars, with a specific focus on guidance related to
interchangeability, switching and substitution, and how this is
perceived by external demand-side stakeholders. To this end,
both a review and comparative analysis of publicly available
information and position statements regarding biosimilar use
by EMA and national medicines agencies and semi-structured
expert interviews with healthcare and pharmaceutical industry
professionals were conducted.

Regulatory Information and Positions on
Biosimilars and Their Use: Untapped
Opportunities at the National Level and a
Need for Harmonization
While biosimilar evaluation and approval relies on a solid
centrally coordinated European regulatory pathway, with
external stakeholder dissemination strategies to explain the
underlying science underpinning their evaluation and use
(19, 26, 33, 44, 45), this study found that at the national level the
information and guidance available on biosimilars considerably
varies between medicines agencies. Information on biosimilars,
and positions on their use, i.e., on interchangeability, and
the associated practices of switching and substitution, are not
consistently available and vary in extent and content.

This gap in consistent information on biosimilars at the
national level may be explained by the fact that providing
guidance on interchangeability, switching, and substitution
falls outside the otherwise centrally organized evaluation and
approval of biosimilars, and is managed at Member State
level. These decentralized responsibilities appear to have been
addressed to different degrees across Member States. Overall,
regulatory information provision on biosimilars appears to
have operated at different speeds between the EU and the
national level. While prescriber practices across Member States
are expected to show a certain degree of heterogeneity as
these practices are shaped in the context of their respective
healthcare systems and medical culture (i.e., frameworks to allow
for physician-led switching and/or pharmacy-led substitution),
a uniform position from a scientific viewpoint on biosimilar
interchangeability is to be expected. The observed heterogeneity
between positions of national regulatory agencies, together with
the absence of a clear EU position on interchangeability, may
suggest a lack of regulatory and scientific clarity on the safety
of an exchange between reference product and biosimilar. This

poses a source of confusion among stakeholders and is argued to
have been amplified by the (originator) pharmaceutical industry
(9, 21).

Besides clear regulatory guidance on biosimilar use, clear
regulatory information regarding biosimilars, and the science
underpinning their evaluation and safe use is believed to be
essential to build stakeholder confidence. Whilst the precise
impact of regulatory information and guidance on biosimilar
acceptance is hard to isolate from other drivers at play, its
availability is essential to provide stakeholders with accurate
and trustworthy facts, and dispel misinformation in the debate.
The concept of biosimilarity, and especially the fit-for-purpose
reduction of clinical studies is difficult to explain to clinicians
who are accustomed to rely on clinical trials in the context of
new drug development. The mantra “similar but not the same”
and “subtle differences” that trigger immune reactions has evoked
considerable uncertainty and propelled investments in extensive
switch studies (46).

Furthermore, regulatory information forms the basis for
subsequent coherent and accurate information dissemination on
biosimilars and their use more locally. It is exceptional that
regulators have to defend the quality, safety, and efficacy of
medicinal products licensed by EMA. However, it is necessary in
the context of biosimilars in order to establish trust on and dispel
uncertainties regarding the robust EU regulatory framework
underpinning their safe use.

The Interchangeable Use of Biosimilars
The discussion on whether or not a biosimilar can be safely
interchanged with the reference product or other biosimilars
has persisted since their introduction (47, 48). This discussion
touches upon how biosimilars can be used in clinical practice,
especially so for biosimilars that are intended for used in
a chronic treatment setting, and is as such essential to
address. While concerns were raised that an interchange
between non-identical biologicals might result in an increase
in immunogenicity, this has not been observed in clinical
practice and the theoretical basis that this would occur has
been considered to be weak (33, 49). Based on the available
clinical data from over a vast body of clinical switch studies, no
apparent signals were detected to assume that switching would
be associated with any major efficacy, safety, or immunogenicity
concerns (50, 51). For biosimilars that met EU regulatory
requirements, it is considered unlikely that the body’s immune
system would react differently to the biosimilar upon a switch
since comparable structure and immunogenicity has been
demonstrated between the biosimilar and its reference product
(33, 49). Clinical data continue to emerge, also on multiple
switching, and switching has been routinely adopted in clinical
practice in several healthcare settings across Europe (27).
While the scientific discussion on switching from reference
product to biosimilar has been largely settled, questions on
multiple switching and switching between biosimilars of the
same reference product emerged, and healthcare professionals
advocate for more scientific and regulatory clarity in this regard
to support themwith the appropriate use of biosimilars in clinical
practice (52).
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Whereas, in Europe switching generally takes place under
supervision of the prescriber and legislation stems from a period
before biosimilar market entry, some countries are planning to
allow for substitution of biologicals at the pharmacy level (40, 53).
The translation of substitution of biologicals in practice would
involve an assessment of substitutability on product-specific level
by the national medicines agency, upon which the biosimilar
could be included in an “exchange” or “substitution list” (40, 53).
In this context, it will be essential that community pharmacists
are well-prepared and trained to appropriately counsel patients
with such a transition. The pharmacist must be familiar and
confident in biosimilar use to mitigate for possible nocebo effects,
and trained to counsel the patient with a possibly new injection
device that such an exchange may entail (20, 47, 54). While this
will require efforts, trained pharmacists may be a reliable source
of clear information on biosimilars and their use.

It is important to note that regulatory approaches for
biosimilar interchangeability vary across the globe, which
may also be a contributing factor to misunderstanding and
uncertainty among policy makers and the clinical community.
Whereas, interchangeability assessment is not part of regulatory
biosimilar evaluation in Europe or in Australia, in the
US the US Food & Drug Administration (FDA) has a
dedicated regulatory pathway for biosimilar interchangeability
designation (34, 47, 55, 56). This interchangeability designation
regulates automatic substitution, i.e., biosimilars that receive
interchangeability designation may subsequently be substituted
by the pharmacist without intervention of the prescriber, if
also in line with state law (see Supplementary Box S1 in
Supplementary Information) (57). Given these differences in
regulatory approaches, it is important to consistently position
the discussion in its correct geographical context to mitigate for
possible misconceptions (21).

A Call for Strengthened Biosimilar
Guidance on the National Level and a
Unified EU Scientific Position on
Interchangeability
The EMAhas expressed its continued commitment in developing
actions to reinforce trust and confidence in biosimilars (58).
In EMA’s Regulatory Science 2025 Strategic reflection, promoting
the availability of biosimilars and supporting their uptake in
healthcare systems was included as a core recommendation to
advance patient-centered access to medicines. This point was
again reiterated in the EMA and HMA Network Strategy to 2025
(58, 59).

Europe has been leading the way in the field of biosimilars
since the introduction of the first regulatory pathway for
biosimilars in 2005, and the strong scientific and stakeholder
outreach track record in this regard should be continued at the
national level.

Three main recommendations are advanced:
(i) The availability of consistent one-voice information

about biosimilars should be strengthened across national
medicines agencies. For the latter, national regulators can
leverage existing, EU developed healthcare professional and

patient information materials locally. These materials have been
made available in all 23 EU languages for the purpose of
supporting consistent messages and education on biosimilars
throughout the EU, and can be easily made available on national
websites. In addition, several national agencies developed
detailed stakeholder information about biosimilars, which may
serve as a basis for other national medicines agencies (60, 61).

The scientific and regulatory knowledge and expertise with
biosimilars that is consolidated at EMA and BMWP level could
be leveraged to further aid initiatives at the national level.
A closer collaborative framework between the EMA (BMWP,
EMA Biosimilar Matrix) and the national medicines agencies
could strengthen information dissemination from the central
to the national level, and leverage and transfer EU level
biosimilar expertise across the broader European regulatory
network. Furthermore, closer collaboration between regulators
may stimulate the exchange of biosimilar best practices among
Member States, and result in coordinated action to respond
to biosimilar misinformation and queries that emerge at
the national level. In terms of concrete initiatives to foster
this collaboration, the recently established Heads of Medicine
(HMA) Biosimilar group, which is composed of representatives
nominated by interested national medicines agencies and an
EMA representative, is an important step and platform in this
regard (62, 63).

(ii) Besides strengthening the availability of information and
education on biosimilars at the national level, regulators should
join forces and act swiftly to provide a unified and unambiguous
scientific EU position on biosimilar interchangeability. The
lack of EU-level guidance in this regard and the variation
in positions from national medicines agencies across Member
States might unintentionally suggest a lack of regulatory and
scientific clarity on this. Guidance should include information on
reference to biosimilar, biosimilar to reference and biosimilar to
biosimilar switching.

In 2018, individual members of the BMWP paved the
way for a scientific position beyond national Member State
boundaries by conveying the European perspective with regards
to interchangeability and the safety of switching in the form
of a scientific publication published under personal name (33).
A next step is now needed to clearly address the discussion
on biosimilar interchangeability and switching from a formal
regulatory point of view, and unambiguously inform healthcare
professionals who are confronted with questions related to this
in clinical practice. While a clear regulatory position is needed
to provide guidance on the population level, it is up to the
prescriber to decide on the suitability of an exchange on the level
of the individual patient. Furthermore, it should be made clear
that such a unified scientific position would not have the goal
of intervening with the Member States’ sovereignty regarding
prescribing and dispensing practices. Policy decision regarding
prescribing practices including switching and substitution should
be made in the context of the local healthcare system, and such a
unified position may inform healthcare decision makers in the
development of policy measures related to biosimilar use. In a
recent publication, a group of European regulators underwrote
the importance of creating a common European position on
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biosimilar interchangeability with the aim of promoting rational
use of biologicals (64).

Such unified position requires central coordination and
cooperation between national regulatory agencies (47, 52).
Also here, the recently established HMA Biosimilar group
may play a vital role (63). NCAs could ask CHMP for a
scientific opinion (referral) or HMA to issue a common
scientific opinion. In addition to this, in the context of the
European Commission’s Pharmaceutical Strategy for Europe,
it was announced that the topic of interchangeability will
be addressed in the upcoming 2022 review of the European
pharmaceutical legislation (65). These initiatives together
may provide a timely and much needed momentum to
unambiguously address biosimilar interchangeability on a
European level.

(iii) To make reliable information on biosimilars more easily
retrievable for stakeholders, a centralized, European-led online
repository for healthcare professionals and patients on biosimilar
medicines could serve as central go-to information hub, with
one-voice, factual information on biosimilars that is in line with
the latest scientific and regulatory experience. On a product-
specific level, the EPAR may be leveraged more actively—
and especially the dedicated discussion on biosimilarity which
was part of a revision to increase more transparency on the
assessment—by creating awareness on its existence (66–68).

Informing Stakeholders Requires a
Coordinated Multi-Stakeholder Effort
While regulators have an important role in providing clear
information on biosimilars and the regulation and science
underpinning their use, conveying trust in the use of biosimilars
and effectively educating physicians and patients about
biosimilars requires a multi-stakeholder effort. Besides
regulatory authorities, professional stakeholder associations
such as healthcare professional and patient organizations
have an important role in informing and translating
regulatory guidance to physicians, pharmacists, nurses and
patients (9, 30).

The availability of clear regulatory information and guidance
about biosimilars may form the basis of correct and unbiased
stakeholder information, but—as also emphasized during the
interviews—needs further active leveraging from stakeholder
organizations to actually reach the healthcare professional and
patient. It may be unrealistic to expect that busy clinicians
regularly consult regulatory websites. Instead, they often rely on
peer key opinion leaders in the field. As such, regulators should
continue to seek collaboration with healthcare professional and
patient organizations to effectively disseminate unbiased and
correct information about biosimilars, on the European as well
as on the national level (9, 30, 69).

Strengths and Limitations of the Study
Based on a structured mapping of the available information
from European regulatory agencies and qualitative stakeholder
interviews, this study offers new and important insights on the
European landscape of regulatory information and guidance on
biosimilars and their use. However, some limitations need to be

considered. The fact that someNCAwebsites offered information
only or in part in the Member State’s local language made
the retrieval and extraction of relevant information complex.
Websites were thoroughly scanned for biosimilar information
with both English and local language translated terminology,
but certain omissions cannot be excluded. Non-English retrieved
information was translated to English with the help of an online
text translator. This may have led to small differences in nuances
of wording between original and translated position statements.
Furthermore, the web-based screening allows to only collect and
review information that is made publicly available on the websites
of the regulatory agencies. Since the scope of this study was to
investigate the guidance provided by regulatory authorities across
Europe, it did not screen or evaluate guidance that local pricing
and reimbursement authorities or ministries may have issued on
the use of biosimilars.

The qualitative component of the research allowed to gather
stakeholder insights and proposals on regulatory information
and guidance dissemination for biosimilars and the role
European and national regulators have in this regard. Interview
participants were purposefully selected based on their expertise
and pan-European and/or nation al insights on the study topic. It
should be noted that—as with qualitative research in general—
the findings are bound to the participant sample. While the
qualitative part of the study focussed on the perspective of
healthcare and industry professionals, future research could
explore the perspective and needs of other stakeholders such as
policy makers and patients. In addition, a study with European
regulators may further distill actionable avenues forward from
the perspective of the regulator.

CONCLUSION

This study showed that regulatory information and guidance
on biosimilars and their use, i.e., on interchangeability, and
associated practices of switching and substitution, considerably
varies across national medicines agencies in terms of availability,
extent, and content. Untapped opportunity exists at the
national level to expand and harmonize regulatory information
and guidance for biosimilars. Moreover, regulators should
collaboratively strive for a unified, scientific EU position on the
interchangeability of biosimilars.
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Regulatory decisions for new drugs approval present high uncertainty, low reversibility,

the avoidance of observable errors, and high political stakes. However, research on

the behavior of regulatory agencies is scarce, particularly in the context of more

open decision-making processes. We aimed to evaluate the perceptions of regulatory

decision-making for new drugs approval from the viewpoints of the manufacturers in

South Korea. In 2019, employees in domestic (n = 5) and foreign (n = 7) manufacturers

with expertise in regulatory affairs were invited to participate in a questionnaire survey

and semi-structured group interview. We asked about the relevance of various criteria in

regulatory decision-making, the participation of various stakeholders, and the degree of

consent for new drug approval with uncertainty. The domestic and foreign manufacturers

perceived that a regulatory decision made by the MFDS was solely based on technical

merit within a closed decision-making system. They responded that safety, efficacy, and

benefit-to-harm ratio were the most relevant criteria and the most prioritized criteria in

regulatory decision-making. They also perceived that the MFDS was the sole relevant

member in a regulatory decision. However, the foreign manufacturers disagreed that

the regulatory agency and the advisory committee were independent of conflicts of

interest, which might imply that regulatory decisions were occasionally determined by

the agency given the political benefits and/or costs within a more open system. The

role of an advisory committee in terms of deliberation and participatory democracy

were requested to make politically legitimate regulatory decisions from the viewpoints of

the manufacturers. However, their perceptions toward public involvement in regulatory

decision-making is still at the early stage.

Keywords: regulatory decision-making, manufacturer, perceptions, qualitative research, South Korea

INTRODUCTION

The pharmaceutical sector is one of the most highly regulated markets (1). Regulatory decisions
(or new drug reviews) are essential for new drugs to be distributed under health systems (2).
Manufacturers are required to provide substantial evidence regarding the safety and efficacy of
new drugs (3), and then regulatory agencies review the submitted evidence with in-house expert
employees (4). Sometimes, regulatory agencies consult advisory committees to seek their expertise
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in rapidly changing knowledge and technology areas (5). The
agency’s decision is essentially final as well as immensely
consequential (6, 7). Contesting a regulatory decision is
difficult and time- and cost-consuming, and regulatory decisions
consequently shape the internal and external market (8).

Regulatory decisions for new drugs approval present high
uncertainty, low reversibility, the avoidance of observable errors,
and high political stakes (6). These characteristics imply that
an agency’s decision-making might be politically shaped by
the involvement of various stakeholders or interests groups
(9). To address this issue, regulatory agencies can develop or
refine their bureaucratic strategies. Previous research emphasized
“reputation” to understand the behavior of regulatory agencies
(10). Many researchers have argued that regulatory agencies have
developed strategies to enhance their reputations and protect
them from reputational threats (11–13). In contrast, there have
been requests to create inclusive, transparent, and deliberative
systems for decision-making (13–16). Stakeholders’ involvement
and their embedded roles have been a common practice in
various health sectors.

Regulatory Decision-Making for New
Drugs in South Korea
Regulatory decision-making for drugs in South Korea had been
under jurisdiction of the Ministry of Health. Meanwhile, Korea
Food and Drug Administration (KFDA) was established in April
1996 to oversee food and drug safety, and it was promoted
to the Ministry of Food and Drug Safety (MFDS) in March
2013 (17). In terms of approving new drugs, there has been a
continuous concern on delayed marketing approval compared to
other high-income countries (18) and lack of human resources
and expertise in a decision-making body (19). In June 2021, the
South Korean government prepared “the bio-health regulatory
science development strategy” to enhance access to innovative
new drugs and to secure competitiveness in national bio-health
industry (19). At the center of the strategy, accelerating the
marketing approval for innovative new drugs lies.

Regulatory decision-making process in the MFDS consists of
three stages (20), which is very similar to that of other agencies
(21, 22). First, a regulatory agency receives an application
submitted by a manufacture and the agency evaluates the safety,
efficacy, and quality of the data included in the application
(20). Next, the regulatory agency can decide whether or
not to refer the application to an advisory committee for
a consultation. Finally, the regulatory agency evaluates the
application with in-house expert reviewers or sometimes with
the aid of an advisory committee. Regulatory agency experiences
a challenge in maintaining in-house experts for reviewing the
applications. It is difficult for the agency to hire additional
employees. Furthermore, the regulatory agency cannot compete
with the private sector to recruit capable reviewers (23). In
these circumstances, the regulatory agency turns to an advisory
committee to supplement its expertise.

This study analyzed the behavior of regulatory agencies
(6), which have been requested for inclusive, transparent,
and deliberate processes for regulatory decision-making

(24). Research on regulatory agencies in the context of
more open decision-making processes is scarce. Furthermore,
manufacturers aremajor stakeholders in the regulatory decisions.
However, their perceptions toward regulatory decision-making
have not been comprehensively reported yet. We aimed to
evaluate the perceptions of regulatory decision-making for new
drugs from the viewpoints of the manufacturers in South Korea.
This study could shed light on establishing politically legitimate
regulatory decision-making processes for new drugs approval.

MATERIALS AND METHODS

Study Design and Subjects
We conducted this study as part of a larger study on
the perceptions of decision-making for adopting new drugs
from the viewpoints of the manufacturers. Their perceptions
toward reimbursement decision-making for new drugs approval
have been published elsewhere (25). This study evaluated
manufacturers’ perceptions of regulatory decision-making.

We conducted a questionnaire survey and a semi-structured
group interview designed for employees in manufacturers.
The study subjects were employees in domestic and overseas
manufacturers who had expertise in regulatory affairs. More
specifically, they had at least 10 years of working experience on
the related field and had extensive experience in introducing new
drugs into the South Korean market. Note that the number of
manufacturers, in particular domestic manufacturers, who had
introduced new drugs into the market was limited. We contacted
them through e-mails and asked for their participation in this
study. If they could not participate, we asked them to recommend
another relevant person in the organization. A total of 12
interviewees from five domestic and seven foreign manufacturers
were recruited and interviewed from May 28, 2019, to June 27,
2019. This study was approved by the Institutional Review Board
(IRB) of Ewha Womans University (IRB No. EWHA-201904-
0010-01).

Survey Questionnaire
The survey questionnaire was designed to evaluate decision-
making for new drug approval from the viewpoints of
manufacturers. The questionnaire was composed of four sections
(Supplementary Table 1). First, we asked about various criteria
in regulatory decision-making processes. We proposed 16
criteria and asked about their relevance and priority in
regulatory decision-making. The criteria were categorized into
the characteristics of drug, disease, and status in other countries.
Second, we asked about the participation of various stakeholders
in the decision-making process. Stakeholders were categorized
into interest groups, expert groups, and government authorities.
We asked about their participation in decision-making processes
in terms of relevance, interests, and influences. Third, we created
several scenarios regarding the characteristics of new drugs and
asked the degree of consent for their market approval. The
scenarios were presented in two ways, from the perspectives
of uncertainty in safety and efficacy and the expected benefits
and risks. The degree of consent for market approval in each
scenario was measured as a binary variable (1 for market
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TABLE 1 | Relevance of criteria in regulatory decision-making on new drugs.

Criteria Domestic

N = 5

Foreign

N = 7

Drug Safety 1.80 1.86

Efficacy in clinical trials 1.80 1.71

Clinical effectiveness in real world 0.25 0.86

Benefit-to-harm ratio 1.80 1.86

Consistency of evidence 1.00 1.29

Price/cost of treatment −1.60 −1.00

Cost effectiveness −1.40 −1.00

Budget impact −1.40 −1.14

Disease Disease severity 0.40 1.57

Health-related quality of life 0.00 0.57

Alternative treatment −0.40 0.29

Burden of disease −0.20 0.43

Patient population 0.20 1.00

Status in

other

Marketing approval in other

countries

0.80 1.14

countries Reimbursement status in other

countries

−1.40 −1.00

Price in other countries −1.40 −1.14

approval and 0 for non-market approval). Finally, we asked
about decision structure, transparency, regulations, and stability
of the regulatory decisions. A 5-point Likert scale from−2 (never
relevant) to 2 (very relevant) was used to rate the survey items.

RESULTS

Table 1 presents the relevance of 16 criteria in regulatory
decision-making. The domestic and foreign manufacturers
indicated that safety, efficacy, and benefit-to-harm ratio were the
most relevant criteria (rated more than 1.70 pts) in regulatory
decision-making. Foreign manufacturers also indicated that the
consistency of the evidence, disease severity, and marketing
approval in other countries were relevant criteria (rated more
than 1.00 pts). However, domestic manufacturers rated no other
items as relevant criteria (rated more than 1.00 pts). We also
asked about the 1st, 2nd, and 3rd prioritized criteria in regulatory
decision-making, and assigned them 3 points, 2 points, and
1 point, respectively. The domestic manufacturers perceived
efficacy (13 pts), safety (12 pts), and benefit-to-harm ratio (6 pts)
as the most prioritized criteria, while the foreign manufactures
perceived the benefit-to-harm ratio (13 pts), safety (11 pts), and
efficacy (8 pts) as the most prioritized criteria.

Table 2 presents the relevance of the participation of various
stakeholders in a decision-making body and advisory board.
A value more than 1 point was assumed as relevant. The
manufacturers perceived that the MFDS was a relevant member
in a decision-making body and the remaining stakeholders
were not relevant members. The manufacturers responded that
the members of the expert group, excluding experts in public
health, were relevant members of an advisory body. Variations
in the perceptions were also noted. Domestic manufacturers

perceived an expert in public health as a relevant member of an
advisory board, while foreign manufacturers perceived a patient
as a relevant member of an advisory board. The manufacturers
responded that laypersons were the most irrelevant members in
a decision-making body.

Figure 1 describes the perceived interests and influences of
various stakeholders in regulatory decision-making. We defined
a value rated more than 1 point as strong and categorized
the 13 stakeholders into three groups: the group with strong
interests and strong influences; the group with strong interests
but weak influences; and the group with weak interests and
weak influences. The manufacturers perceived the MFDS as a
sole group with strong interests and strong influences. Similarly,
they perceived manufacturers, physicians, and patients as a
group with strong interests but weak influences. The remaining
stakeholders were described as a group with weak interests
and weak influences. Interestingly, the manufacturers perceived
laypersons as a group with the weakest interests and influences.

Figure 2 describes the degree of consent for new drug
approval with two scenarios from the perspectives of uncertainty
in safety and efficacy and expected benefits and risks. The
manufacturers fully agreed that a new drug with certainty in
safety and efficacy would be eligible for market approval. In
contrast, they fully disagreed that a new drug with uncertainty
in safety and efficacy would be eligible for market approval.
Similarly, the manufacturers fully agreed that new drugs in which
the expected benefits outweighed the expected risks by two units
would be eligible for market approval. In contrast, they fully
disagreed that new drugs in which the expected risks outweighed
the expected benefits by two units would be eligible for market
approval. For each scenario, foreign manufacturers were more
likely to accept market approval of a new drug.

Table 3 presents the survey results for the decision-making
structure, transparency, regulation, and stability. We separated
the decision-making structure into the MFDS and an advisory
committee and asked about their expertise and conflicts of
interest. The manufacturers disagreed that the MFDS had
enough human resources to review new drug applications.
However, they agreed that the MFDS had expertise in
regulatory decisions. Variations were also noted. The foreign
manufacturers’ perceptions toward conflicts of interest of the
MFDS were negative, while that of domestic manufacturers
were positive. Similarly, the foreign manufacturers’ perceptions
toward expertise and conflicts of interest of an advisory
board were negative, while that of the domestic manufacturers
were neutral.

DISCUSSION

Regulatory agencies have evolved to enhance their reputations
in decision-making. Meanwhile, manufacturers and patient
organizations and have requested open decision-making
processes for regulatory decisions to guarantee the timely market
approval of new drugs (13–15). In these contexts, this study
evaluated the perceptions of regulatory decision-making for new
drugs from the viewpoints of the manufacturers in South Korea.
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TABLE 2 | Relevance of the participation of various stakeholders in a decision-making body and advisory board.

Domestic N = 5 Foreign N = 7

Decision body Advisory board Decision body Advisory board

Interest groups Manufacturers 0.20 0.20 −0.43 0.57

Consumer groups −1.40 −1.25 −0.57 0.29

Patient groups −0.25 0.25 0.00 1.29

Laypersons −1.60 −1.25 −1.57 −0.71

Expert groups Physicians 0.80 1.20 0.71 1.86

Toxicologist 0.60 1.60 0.71 1.14

Clinical Pharmacy 0.60 1.60 0.57 1.43

Statistics 1.00 1.60 0.43 1.43

Public Health 0.20 1.20 0.00 0.86

Government authority MFDS 1.90 1.20 2.00 0.57

HIRA −0.80 0.00 −1.00 −0.43

NHIS −0.80 −0.60 −1.29 −1.43

MOH −1.00 −0.40 −0.86 −0.14

MFDS, Ministry of Food and Drug Safety; HIRA, Health Insurance Review and Assessment Service; NHIS, National Health Insurance Service; MOH, Ministry of Health and Welfare.

FIGURE 1 | Interests and influences of various stakeholders in regulatory decisions. MFDS, Ministry of Food and Drug Safety; HIRA, Health Insurance Review and

Assessment Service; NHIS, National Health Insurance Service; MOH, Ministry of Health and Welfare.

Results from this study could provide evidence on establishing
politically legitimate regulatory decision-making processes for
new drugs approval.

Regulatory Decisions as a Technical Merit
The manufacturers perceived that a regulatory decision made by
the MFDS was solely based on technical merit. They responded
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FIGURE 2 | (A,B) Degree of consent for new drug approval with two scenarios from the perspectives of safety and efficacy (un)certainty and expected benefits

and risks.

TABLE 3 | Survey results on decision structure, transparency, regulation, and stability.

Domains Questions Domestic company N = 5 Foreign company N = 7

Decision structure MFDS has enough human resources to review new drug applications −0.60 −1.43

MFDS has expertise in regulatory decisions 0.80 1.00

MFDS is independent of conflicts of interest 1.20 −0.71

An advisory committee has expertise in regulatory decisions 0.40 −0.43

An advisory committee is independent of conflicts of interest 0.00 −0.57

Transparency The authority notices regulatory decisions 1.20 −0.43

The authority notices the underlying reasons for the regulatory decisions 0.20 −0.71

The authority explains the regulatory decisions 0.00 −1.00

The authority explains the underlying reasons for regulatory decisions −0.20 −0.86

Regulation The authority effectively manages uncertainty in safety 0.60 −0.43

The authority effectively manages uncertainty in efficacy 0.20 −0.57

Stability Laws and regulations on regulatory systems are stable −0.20 −0.14

Regulatory decisions are predictable 0.00 −0.57

Regulatory decisions are consistent with previous decisions 0.60 −0.71

MFDS, Ministry of Food and Drug Safety.

that safety, efficacy, and benefit-to-harm ratio were the most
relevant criteria and the most prioritized criteria in regulatory
decision-making. Furthermore, they indicated that the MFDS
was the sole relevant member in a regulatory decision-making.

As already explained, we conducted this study as part
of a larger study on the perceptions of manufacturers in
the decision-making process for adopting new drugs. The
previously published study regarding reimbursement decisions
was noteworthy in comparing the perceptions of manufacturers
on new drug approval and new drug reimbursement (25). We
asked the same survey items regarding the decision-making
criteria and the participation of stakeholders in the decision-
making process. The employees of manufacturers who had
at least 10 years of working experience in health technology
assessment emphasized integrated and comprehensive health
technology assessments (25). They argued that various criteria,
including disease severity, burden of disease, and equity, could
be considered in reimbursement decision-making and various

stakeholders could voice their opinions or participate under
an integrated and comprehensive health technology system.
In contrast, employees in manufacturers who had expertise
in regulatory affairs perceived that a regulatory decision was
made solely by the MFDS within a more closed decision-
making system.

Similar to reimbursement decision-making, regulatory
decision-making present high uncertainty and high political
stakes (6). Manufacturers are required to demonstrate
“substantial evidence” regarding the safety and efficacy of
new drugs. Substantial evidence means “evidence consisting of
adequate and well-controlled investigations, including clinical
investigations, by experts qualified by scientific training and
experience to evaluate the effectiveness of the drug involved, on
the basis of which it could fairly and reasonably be concluded
by such experts that the drug will have the effect it purports
or is represented to have. . . (26)”. However, regulatory reviews
based on “substantial evidence” could be reversed in certain
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circumstance (27, 28). Furthermore, the concept of “substantial
evidence” through “adequate and well-controlled investigations”
have evolved after the implementation of the 21st Century Cures
Act in the United States (29, 30). In this circumstance, it is
reasonable to assume that regulatory decisions are occasionally
determined by the agency given the political benefits and/or costs
that organized stakeholders imposed in regulatory decisions (5).

Regulatory Body and Advisory Committee
In this study, several interesting findings on the regulatory agency
and advisory committee were noted. The manufacturers agreed
on a lack of human resources in the agency for reviewing
new drug applications. For instance, foreign manufacturers were
very negative toward the survey item that the MFDS had
enough human resources to review applications. Their negative
responses shed light on the issue of recruiting additional human
resources and/or the retention of human resources within the
agency. The manufacturers agreed that the agency had expertise
in regulatory decisions despite a lack of human resources.
However, the foreign manufacturers disagreed that the agency
was independent of conflicts of interest. This finding might
seem to be partially associated with political considerations or
factors other than scientific evidence in regulatory decisions. As
we already explained, the agency cannot make decisions on the
sole basis of scientific evidence (31). The regulatory decisions,
similar to reimbursement decisions, are made under intertwined
contexts, including science, values, and politics (31).

The foreign manufacturers disagreed that the advisory
committee had expertise in regulatory decisions and that
the committee was independent of conflicts of interest.
Conflicts of interest of the advisory committees are not
new to the regulatory decision-making process (32, 33). The
advisory committee was devised to provide external expertise
in regulatory decision-making. However, the manufacturers
perceived that the committee did not have enough expertise in
regulatory decision-making. The negative perception of foreign
manufacturers seemed to be partially associated with the lack
of transparency in the regulatory decision-making process. The
foreign manufacturers understood that the authority could seek
the aid of the advisory committee to supplement its expertise.
However, they argued that the underlying reasons for the
decisions were not well explained. A few of them indicated that
few members of the advisory committee could not understand
the submitted evidence from the perspectives of regulatory
affairs, clinical background, and statistics.

In addition to an advisory committee, public involvement
in terms of deliberative and participatory democracy has been
requested to make politically legitimate regulatory decisions
(14). An advisory committee in the regulatory agency includes
various members from academics, professionals, manufacturers,
consumers, and patients. For instance, the Food and Drug
Administration (FDA) has made significant efforts to expand the
role of patients in regulatory decision-making and responded to
the opinions of patients and their caregivers (34). The MFDS has
also tried to expand the role of patients in its decision-making
(35). Consistent with these efforts, the foreign manufacturers
responded that the participation of patients on an advisory board

was relevant. The FDA was required to embrace the idea that
citizens could contribute to the deliberation process (13, 36). In
this context, we asked about the relevance of the participation of
the laypersons in a decision-making body and advisory board.
However, the manufacturers disagreed on the participation of
the laypersons in the decision-making body or advisory body.
They responded that the laypersons could not fully understand
the submitted data.

Variations in Risk Aversion Between
Foreign and Domestic Manufacturers
Regulatory agencies approve new drugs based on their
assessment of the available evidence. We asked the degree
of consent for the market approval of new drugs in various
scenarios. When we provided scenarios with uncertainty in
safety and efficacy, the manufacturers emphasized certainty in
safety more than certainty in efficacy when making regulatory
decisions. When we provided scenarios with expected benefits
and risks, the foreign manufacturers were more likely to
agree with the market approval of new drugs than the
domestic manufacturers. Interestingly, the proportion of
manufacturers who agreed with market approval was lower than
our expectations for the scenario with the same expected benefit
and risk values. This finding indicates that manufacturers, in
particular domestic manufactures, presented higher risk aversion
behavior when making regulatory decisions. This conservative
perspective of domestic manufacturers in regulatory decision-
making was very similar to that of the regulatory agency
(9, 37, 38).

Study Limitations
This study had limitations. First, this study conducted a survey
and interviews designed for manufacturers, implying that the
findings from this study were solely based on the perceptions
from the viewpoints of the manufacturers. Second, this study
included a small sample size. Further research with larger sample
size is necessary to validate the study findings reported in
this study. It is noteworthy that the number of manufacturers,
in particular domestic manufacturers, who had introduced
new drugs into the market was limited. Finally, we evaluated
regulatory decision-making in South Korea. Our findings and
implications could not be generalized to other health systems
with different contexts.

CONCLUSIONS

The manufacturers perceived that a regulatory decision made by
the MFDS was solely based on technical merit within a closed
decision-making system. However, the foreign manufacturers
disagreed that the regulatory agency and the advisory committee
were independent of conflicts of interest, which might imply
that regulatory decisions were occasionally determined by the
agency given the political benefits and/or costs within a more
open system. The role of an advisory committee in terms
of deliberation and participatory democracy were requested
to make politically legitimate regulatory decisions from the
viewpoints of the manufacturers. However, their perceptions
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toward public involvement in regulatory decision-making is still
at the early stage.
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Recently, there has been a growing trend in clinical development to utilize real-world

data (RWD) to improve the efficiency of drug/medical device development. Especially,

the use of RWD to generate real-world evidence (RWE) in regulatory approval is currently

undergoing a period of great change with an increasing degree of active discussion. In

Japan, RWE has been used in the control arms of clinical trials, observational studies,

post-marketing surveillance, and public knowledge-based applications for regulatory

approval. However, the exclusive use of RWE applications has still not been applied. In

this paper, we summarize the history and the current situation of RWE and focus on the

utilization for the purpose of regulatory approval. In addition, we will discuss the issues

and perspectives for registry research in the utilization for regulatory approval in Japan.

Keywords: real-world data (RWD), real-world evidence (RWE), regulation, approval, registry

INTRODUCTION

Recently, the use of large-scale real-world data (RWD) has been increasing, and as a result, its
application has also been expanding. In the field of regulation of drugs and medical devices,
utilization of RWD has been actively discussed and developed rapidly. In particular, the utilization
of real-world evidence (RWE) for pharmaceutical approval is a big topic across the industry. In
all stages of development, review, approval, and commercialization, discussions have been held on
the utilization of RWD, such as electronic health records (EHR), claims data, pharmacy data, and
diagnosis procedure combination (DPC) data, with high expectations for their implementation.
Japan and Asia are no exception (1, 2).

However, the development of legislation/guidelines/rules on the use of RWE in pharmaceutical
regulation are still developing. In Japan, the legislation of clinical research is established and well-
defined. “Ethical Guidelines for Medical Research Involving Human Subjects” (3) and “Ethical
Guidelines for Human Genome/Analysis Research” (4) were integrated, and released on March
23, 2021, as new set of ethical guidelines (Ethical Guidelines for Medical and Biological Research
Involving Humans Subjects) (5). Most RWE research, which often use observational clinical
studies, follow this new ethical guideline. Japan Pharmaceutical Manufacturers Association (JPMA)
has also released various guidance and white papers on the use of RWE (6), and has been involved
in several activities aimed at implementing RWE associated with approval for pharmaceuticals,
with a particular focus on utilizing registry data. In April 2018, the “Amendment of Regulation
for Good Post Study Practice for Pharmaceutical Affairs and Medical Devices [Revised Good
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Post-Marketing Study Practice (GPSP)]” was implemented which
was issued to clarify clinical questions and carry out post-
marketing surveillance based on clinical questions. It stated that
RWD can now be used for post-marketing surveillance by the
Revised GPSP (7). Currently, Medical Information Database
Network (MID-NET) is available to conduct such research (8, 9).

When considering using RWE for pharmaceutical approvals,
one of the most important issues is the reliability of data.
Historically, in Japan, the standards and types of EHR and
pharmacy data have been developed separately resulting in non-
unified standards and inconsistencies which potentially makes
this data source unsuitable to use for drug approval (10).
Furthermore, when considering the reliability, the type, the
granularity, the scope, and the traceability of the data, registry
data is often seen as easy to handle, unified, and adapted for
pharmaceutical approvals (11, 12).

The objective of this study is to summarizes the current
situation regarding the utilization of RWD in Japan, the
movement of the regulatory authorities, and the actions of
healthcare industries. The study also aims to clarify the current
status, implementation methods, and points to keep in mind for
future registration research by using registries as a typical case
of RWE.

Current Status of the Use of RWD
Situations of the Utilization of RWD in Development

and Regulatory Approval for Drugs/Medical Devices
There are several possibilities for the use of RWD in clinical
development, especially in the regulatory approvals (13). The use
of RWD in clinical data package of application for regulatory
approvals are historical control group, it is also possible to use
as part of the clinical data packages involving special patient
populations such as children, the elderly, and patients with renal
and/or liver disfunctions. It could also be use of a broaden
population associated with conditional approval. In addition,
an effective use of RWD could identification and in response
to a safety signal as well as in Post-Marketing Requirements
(PMR) and Post-Marketing Commission (PMC). In Japan, the
2018 revision of the GPSP legally approved the use of RWD
in Post-Marketing Surveillance. RWD is often used for public
knowledge-based applications, which are a unique application of
public information (14).

Examples of Drug Approval Using RWD in the

United States and Europe
Examples of regulatory approvals using RWD in the
United States and Europe are shown in Table 1. There are nine
cases in the United States and/or Europe including palbociclib
(15–17). Where the FDA granted the additional indication for
male breast cancer in April 2019 without additional clinical
studies. In the application, only three RWDs (IQVIA claims
data, Flatiron Health ER data, Pfizer global safety data) were used
to obtain approval (18). This is the first case where additional
indications were granted without the need for a positive clinical
test. On the other hand, for selinexor and erdafitinib, the
authorization application included RWE, but it was judged by
FDA as insufficient evidence due to a mis-matched the patient

background and starting condition of the outcome, and the
unified effect evaluation standard was not used.

Examples of RWD’s Use in Regulatory Approval in

Japan
Examples of approval applications using RWE in Japan are
also shown in Table 1. There are six cases in Japan (19). For
Algucosidase alfa, Argatroban, and Asfotase Alfa, data collected
from overseas medical records and EHR or registries were
compared with data extracted from published papers. In the two
cases of public knowledge-based application, the registration and
the actual usage survey results were used. However, there have
been no examples of approval using Japanese RWD.

Regulations and Rules Related to RWD in Japan and

the US/Europe
Regulatory developments related RWD in Japan and the US
and Europe is shown in Figure 1. In recent years, discussions
to utilize patient registries under the pharmaceutical system
have been actively conducted in Japan Agency for Medical
Research and Development (AMED) (20), regulatory authority
(21), pharmaceutical industries (6), and the establishment of a
Clinical Innovation Network (CIN).

Looking back on the development in Japan, in June
2016, while discussing the utilization of RWD in the Japan
Revitalization Strategy, the decision was made to promote the
establishment of the CIN and to create an advocacy system.
Subsequently, in Japan, the utilization of the clinical database
study, particularly in post-marketing surveillance, was actively
discussed. In June 2017, the “Basic approach to the use of medical
information databases in post-marketing pharmacovigilance”
was issued (22). Following this, the GPSP was revised in
April 2018 and the database research became available for
commercial research (7). In addition, with a view to the time
when the reexamination application was made, a notification was
issued in February 2018 entitled “Considerations for ensuring
reliability in post-marketing database studies of pharmaceuticals”
(23). Currently, post-marketing research are conducted using
databases that often includes the MID-NET recommended by
PMDA. Insights often point to PMDA continuing to make efforts
to promote the appropriate utilization of RWD/RWE in the
regulatory setting (24).

The utilization of RWE in view of the approval of
pharmaceutical and medical devices is a worldwide movement,
and the development of the legislation has advanced in the
US. First, in the US, the use of RWD for regulatory decisions
began to be considered with the passage of the 21st Century
Cures Act (25). And then, in August 2017, the US FDA issued
“Use of Real-World Evidence to Support Regulatory Decision-
Making for Medical Devices” to recommend the use of RWE
in medical device development as early as possible (26). In
the following year, the US government announced that it was
considering using RWE in regulatory evaluation to determine
the effectiveness of pharmaceutical products. In July 2018, the
“Use of Electronic Health Record Data in Clinical Investigations”
guidance on the use of EHR data for pharmaceutical approval
was issued (27). In October 2021, a draft guidance was issued for
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TABLE 1 | Approval applications using real world data in Japan, US and Europe.

Generic name Indication Japan US Europe

Approval year iNDA/sNDA Data source Approval year iNDA/sNDA Data source Approval year iNDA/sNDA Data source

Algucosidase alfa Pompe disease 2007 iNDA External control

medical records

(overseas)

2006 iNDA External control

medical records

2006 iNDA external control

medical records

Argatroban Heparin-induced

thrombocytopenia

2011 sNDA External control

medical records

(overseas)

– –

Methotrexate Rheumatoid arthritis 2011 sNDA Public-knowledge

application

post-marketing

surveillance

– –

Tacrolimus Interstitial pneumonitis

in polymyositis/

dermatomyositis

2013 sNDA External control

published article

(Japanese)

– –

Methylprednisolone

Sodium Succinate

Multiple sclerosis 2013 sNDA Public-knowledge

application

post-marketing

surveillance

– –

Asfotase Alfa Hypophosphatasia 2015 sNDA External control

electric health

record (overseas)

registry (overseas)

– –

Avelumab Merkel cell carcinoma – 2017 iNDA External control

electric health

record published

article

2017 sNDA External control

electric health

record registry

Cerliponase alfa Neuronal

ceroid-lipofuscinosis

– 2017 iNDA External control

registry

2017 iNDA External control

registry

Tisagenleceucel B-cell acute

lymphoblastic leukemia

– – 2018 iNDA Observational

study registry

Paliperidone

Palmitate

Schizophrenia – 2018 Revise labeling Pragmatic clinical

trial

–

Palbociclib Male breast cancer – 2019 sNDA Observational

study electric

health record claim

data adverse

events database

–

Selinexor Multiple myeloma – 2019 iNDA External control

electric health

record

–

Erdafitinib Urothelial carcinoma – 2019 iNDA External control

electric health

record

–

Tacrolimus Prevent organ rejection

receiving lung

transplantation

– 2021 sNDA Observational

study external

control registry

–
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FIGURE 1 | Regulatory developments related to real world data.

the data standards for drug and biological production submission
utilizing RWE. And the US FDA released the commitment letter
outlining performance goals and procedures for the upcoming
reauthorization of the Prescription Drug User Fee Amendments
for Fiscal Years 2023–2027 (PDUFA VII) (28), and it is expected
that the use of RWE will be further advanced. For European
regulators, a discussion paper on registration was prepared in
2018 (29) and a draft of guidance was prepared in September
2020 (30). In February 2022, EMA established the Coordination
Centre for the Data Analysis and Real World Interrogation
Network, and EMA will maintain a real-world data sources and
metadata for use in medicine regulatory activities (31).

Registry Research
As already discussed, considering the reliability, scope, and
traceability of the data, the use of a registry data is reasonable and
is one of the best RWD to be adapted for regulatory approval. In
this section, we describe the overview of registry studies and the
current status in academia and pharmaceutical industry.

Overview
Registry research is of the application of observational research
and non-interventional study. The purpose of the registry
research is divided into two aspects. One is to collect various
data on the number and distribution of patients, the treatment
of diseases, and their effectiveness and safety to help improve
the understanding of diseases and medical care. As concrete
examples, national cancer registration and cohort research were,
so far, the most common types of registry research in Japan.

The second objective of registry research is for new drug clinical
development and safety measures in post-marketing situations.

In Japan, the movement to utilize highly reliable registry
data for drug approval rather than using RWD such as EHR
and claims data for drug approval is more prevalent. In April
2019, a registry consultation was established at PMDA, to begin
the examination of registry research of specific pharmaceutical
and medical devices. The guidance was issued in March 2021,
with ”Basic approach to the use of registries in applications for
approval“ (32) and ”Considerations for ensuring reliability when
using registry data for approval applications“ (33).

Registry research is assumed to have a slightly different set
of rules depending on whether it is for academia or the private
industry. However, there is no significant difference between
registry research whether it is led by a the pharmaceutical
company or academia, and following the ”Ethical Guidelines
for Medical and Biological Research Involving Human Subjects“
which refers to the Next Generation Medical Infrastructure Law
(enforced on 11 May 2018) for the maintenance of anonymity
in the registry date (34). Regarding company-leading research,
it is necessary to follow the Act on the Protection of Personal
Information (enforced in 2005) for patient information (35).

Movement in Academia
The academia movement on registry research includes a project
led by the Ministry of Health, Labour, andWelfare to support the
promotion of the Clinical Innovation Network (CIN). The CIN
promotion support project consists of three research projects.
These research projects exist as a cross-sectional research team
that examines various, related issues. They include ”Research on
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TABLE 2 | Types of real world data and pros/cons for utilization by medical companies.

Health care data Electronic health records Disease registry

Source data - Claim data

- Receipt data

- DPC data (diagnosis procedure combination)

- Accounting data

- Electric health records

- Nursing records

- Medical order records

- Registry data

- Observational data

- Daily practice data

Advantages - Many patients

- Easy to standardize

- Easy to structuring

- Reflecting daily practice

- Many items

- Obtain data that are not recorded in daily

practice.

Disadvantages - There can be an insurance disease name

(other than the real disease name).

- Many non-structured data

- Different operations and standards depend on

institutions

- Large burden of work on data collection

Promotion Measures for Clinical Innovation Network Concept
by Effective Use of Disease Registry Systems,“ which was started
in 2015 to effectively utilize fund and resolve ethical issues,
”Basic approach to ensuring ethics in the corporate use of
patient registry data“ (36) and ”Study on the cost burden for the
utilization of disease registration systems“ (37).

In addition, there are also discussions on the construction of
disease-specific registries such as the field of muscular dystrophy,
amyotrophic lateral sclerosis (ALS), a rare fraction of cancer,
and neurosurgery diseases. These CINs are currently developing
the basis for registries and research to increase the reliability of
the data.

Movement in Pharmaceutical Industries
Since disease registries contain clinical information and
treatment results specific to that disease, it is considered an
invaluable source of insights. It’s ability to capture relevant data
often used in clinical practice results in healthcare industries
paying particular attention to this data source. In particular,
the JPMA has been carrying out activities related to disease
registries in its subordinate organization, the Clinical Evaluation
Subcommittee of JPMA (CES-JPMA), and has been involved
in various projects. Since 2017, using eye disease registries,
the CES-JPMA analyzed policy trends in Japan and abroad,
including disease-specific applications, current status surveys
of typical registries, proposals for ecosystem formation, and
issues to be used for approval applications. Starting around 2019,
CES-JPMA has been compiling examples of actual applications,
considering how to use them for pharmaceutical applications,
and conducting surveys on registries. At present, the outputs
and white papers that serve as indicators for the utilization of
pharmaceutical applications for approval are being released (6).

Ethical Issues on Industry Use for Registry Research

and RWD
Various kinds of big data and RWD can be utilized by healthcare
industries (Table 2). Registry data is also expected to be a
common source of big data which can be utilized for various
pharmaceutical regulations in the future. However, there are
some ethical issues for industry use of patient registry data in
terms of personal information in Japan.

After the amendment of the Act on the Protection of
Personal Information (35) in Japan, medical information on
specific individuals, including those captured in registries, was
categorized as ”special care-requested personal information“ in
Japan. In addition, according to ”Ethical Guidelines for Medical
and Biological Research Involving Human Subjects“, when a
researcher tries to obtain and utilize a ”special care-requested
personal information,“ it stated that ”researchers and others do
not necessarily have to receive an informed consent, but if they
do not receive an informed consent, they have to receive an
appropriate consent from the patients". Therefore, the use of opt-
out method was a practical method applied in these situations.
However, when the use of the opt-out system is intended for
purposes other than academic research (e.g., industry use), there
are some that argue that the opt-out method may be ethically
inappropriate (38).

Regarding clinical research based on Article 68 of the
Pharmaceutical and Medical Device Act, since the informed
consent for providing personal information to the healthcare
company does not need use of pharmaceutical products, there are
cases that the registries used by medical institutions can provide
the data to the healthcare industries without consent based on the
law. However, it is recommended that the scope of use personal
information in this framework should be limited to regulatory
purposes. Specifically, it should be limited to clinical research
for the purpose of new drug application and described in Risk
Management Plan (RMP).

DISCUSSION AND CONCLUSION

In the US and Europe, discussions on the use of RWD by
regulatory authorities have been progressing in recent years,
and the number of cases in which companies submit RWE
as a part of the data package for approval applications is
increasing. In many cases, the common application focuses on
rare diseases or conditions with an absence of other effective
treatment. In recent years, there have been many cases in the
US and Europe where data obtained from EHR, claim data, and
registers are used to apply for approval as external control. In
Japan, RWD has been used in the control arms of clinical trials,
observational studies, post-marketing surveillance, and public
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knowledge-based applications for regulatory approval decision
making. However, there are no cases of RWD-only application
for regulatory approval in Japan. And there are also no examples
in Japan where RWE based on EHR or Japanese registries
have been used for regulatory approval. Although the public
knowledge-based application is a form of approval application
based on RWE, it takes a long time to apply for approval
because it utilizes non-adaptation and accumulated data from
clinical research. The application of RWE in the regulatory
decision making for approval is still inadequate in Japan, and it is
important to accumulate the results of the employment of RWD
and it cases of its use in the regulatory decision.
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Biomarkers are important tools in medicines development and clinical practice. Besides
their use in clinical trials, such as for enrichment of patients, monitoring safety or
response to treatment, biomarkers are a cornerstone of precision medicine. The
European Medicines Agency (EMA) emphasised the importance of the discovery,
qualification, and use of biomarkers in their Regulatory Science Strategy to 2025,
which included the recommendation to enhance early engagement with biomarker
developers to facilitate regulatory qualification. This study explores the journey of
biomarkers through the EU regulatory system and beyond, based on a review of
interactions between developers and the EMA from 2008 to 2020, as well as the use of
qualified biomarkers in clinical trials. Of applicants that used early interaction platforms
such as the Innovation Task Force, less than half engaged in fee-related follow-up
procedures. Results showed that, as compared to companies, consortia were more
likely to opt for the Qualification of Novel Methodologies procedure and engage in
follow-up procedures. Our results highlight the importance of early engagement with
regulators for achieving biomarker qualification, including pre-submission discussions
in the context of the qualification procedure. A review of clinical trials showed that
all qualified biomarkers are used in practice, although not always according to the
endorsed context of use. Overall, this study highlights important aspects of biomarker
qualification, including opportunities to improve the seamless support for developers
by EMA. The use of qualified biomarkers in clinical trials underlines the importance
of regulatory qualification, which will further enable precision medicine for the benefit
of patients.

Keywords: biomarkers, biomarker qualification, Qualification of Novel Methodologies, regulatory science,
European Medicines Agency, Innovation Task Force

INTRODUCTION

Biomarkers are powerful tools that can serve many purposes in medicines development and clinical
practice (1). Examples include the selection of patients and enrichment of study populations
for clinical trials, monitoring safety or response to treatment during trials, but also supporting
decision-making in the context of precision medicine. In 2001, the Biomarker Definitions
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Working Group proposed that a biomarker could be defined as
“a characteristic that is objectively measured and evaluated as an
indicator of normal biological processes, pathogenic processes, or
pharmacologic responses to a therapeutic intervention” (2). This
definition was further elaborated in the Biomarkers, EndpointS,
and other Tools (BEST) resource, in which subcategories were
defined that reflect different biomarker functions (3, 4). The
crucial role of biomarkers in drug development has long been
recognised and supported by regulators, who have established
frameworks for review of biomarker validation plans and/or
data, which may result in regulatory qualification (5). In 2007,
a joint pilot procedure by the European Medicines Agency
(EMA) and the U.S. Food and Drug Administration (FDA)
concerning a panel of nephrotoxicity biomarkers marked the
beginning of regulatory qualification of biomarkers in the
EU (6, 7). Recently, the EMA underlined the importance
of the discovery, qualification and use of biomarkers in
their “Regulatory Science Strategy to 2025” (8, 9). One
of the primary strategic goals related to regulatory science
for human medicines focuses on the integration of science
and technology in medicines development, including support
of developments in the fields of precision medicine and
biomarkers. “Enhancing early engagement with novel biomarker
developers to facilitate regulatory qualification” is mentioned
as a key step to achieve this goal, accompanied by the
recommendation to “critically review the EMA’s biomarker
validation process, including duration and opportunities to
discuss validation strategies in advance, in order to encourage
greater uptake and use.” Encouraged by these objectives,
we aimed to assess the past and current situation, by
reviewing the interactions between developers and regulators
at various stages of the process leading up to regulatory
biomarker qualification. Moreover, our aim was to assess
the impact of this regulatory “stamp of approval,” in terms
of uptake by the scientific community as well as use in
clinical trials.

At the EMA, the Innovation Task Force (ITF) acts as a first
point of contact for developers in early-stage projects with
innovative aspects for drug development (10). Interactions
take place in the form of informal briefing meetings between
applicants and experts from the EU network, and address
mainly strategic aspects of regulatory, scientific, and legal
nature. A primary goal of the ITF is to fill the gap between
early-stage research, performed by academic groups or
small to medium-sized companies, but also large companies,
and formal regulatory procedures that involve fees, such
as Scientific Advice (SA) and the Qualification of Novel
Methodologies (QoNM) (Figure 1) (11). The former is an
interaction platform at the EMA, where medicine developers
can discuss strategies to generate robust evidence for the
benefit-risk assessment during the marketing authorisation
application (MAA) (12). Biomarkers may constitute an
essential part of this strategy and are therefore a common
topic of discussion in SA procedures. The QoNM procedure
is a voluntary pathway towards regulatory qualification of
methodologies in drug development, which also includes
biomarkers, and can result in a Qualification Advice (QA)

or Qualification Opinion (QO) (Figure 1) (13). A QA
typically concerns projects in earlier stages, potentially
including review of preliminary data, and is the way to
agree on evidence generation plans and protocols for studies
intended to support a QO. When the submitted evidence
supports a QO, the draft opinion document is published
for consultation by the scientific community before final
adoption by EMA’s Committee for Medicinal Products for
Human Use (CHMP). Upon final adoption of the QO, it is
considered that the proposed method (e.g., biomarker) is an
acceptable regulatory standard for the defined context of use
in drug development. By making the QO publicly available,
others may use the qualified method or biomarker in their
drug development efforts. In this study, we analysed the
journey of biomarkers through the EMA’s pre-submission
interaction platforms and beyond, by reviewing interactions
between developers and the Agency as well as the use of
qualified biomarkers in clinical trials. In doing so, we
aimed to identify potential points for improvement, with
the goal to enhance the seamless support by the EMA for
biomarker validation, qualification, and subsequent use in drug
development.

METHODS

Search and Analysis of Innovation Task
Force Briefing Meetings
Minutes from ITF briefing meetings that took place between
January 1st, 2008 and December 31st, 2020 were collected
from EMA’s internal database. The most recent version of
the minutes file was used and, wherever possible, the final
version reviewed and approved by ITF and participants.
Minutes of preliminary meetings or informal teleconferences
were excluded from the analysis. This collection was searched
using keywords biomarker, in vitro, companion, diagnostic
and qualification. Initially, all documents were selected that
(1) included the word biomarker, (2) contained the word
companion if it occurred together with the term diagnostic or
test, or (3) contained the word qualification in combination
with procedure, advice, or novel methodologies. Minutes that
referred to both biomarkers and QoNM (1), minutes that
referred to the use of in vitro diagnostics in combination
with biomarkers (2), and minutes in which biomarkers were
the main topic of discussion (3) were marked as relevant.
Related fee-associated procedures were identified as follows:
for QoNM, applicant names and relevant keywords from the
ITF minutes were used to search a collection of biomarker-
related QoNM procedures that took place between 2008
and 2020 (described in the next section) as well as QoNM
applications that had been withdrawn or rejected. Similarly, the
applicant’s name and relevant keywords (including biomarker)
were used to search all finished SA procedures that had
been started in the year of the ITF meeting or later.
Hits from these searches were inspected manually and those
that discussed the biomarker from the ITF meeting were
marked as relevant.
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FIGURE 1 | From early-stage research to marketing authorisation–EMA support mechanisms for evidence generation strategies. This figure highlights a selection of
interaction platforms at EMA through which applicants can receive guidance and feedback on their evidence generation strategy towards a marketing authorisation
application.

Search and Analysis of Qualification of
Novel Methodologies Procedures
A document containing a list of all QoNM procedure
applications was downloaded from EMA’s internal database
on May 11th, 2021. Procedures that never started, or that
were started after December 31st, 2020, were excluded
from the analysis. All remaining procedures were assessed
individually and procedures that contained modelling
or simulation techniques, patient-reported outcomes,
ratings or scales, methods or protocols, clinical outcome
assessments, or databases or registries were excluded
from the analysis.

Clinical Trials Search
Clinical trial searches were performed in the ClinicalTrials.gov
database using the general search function or the expert
search function (Supplementary Table 1). The respective
disease areas of the qualified biomarkers were searched for
interventional trials in which the biomarker in question was
used according to the context of use endorsed by the CHMP
in the qualification opinion (Table 1). For each search, all
hits were downloaded, and data were extracted, including
NTC number, title, status, condition, outcome measures,
sponsors, total number, and age range of enrolled subjects,
start and completion date, and locations of the trial. As most
qualified biomarkers serve the purpose of enrichment of study
populations, the “inclusion criteria” and “exclusion criteria”
sections were manually extracted for each trial. The relevant
sections were screened individually to determine whether the
search terms occurred in the desired context, e.g., whether
the biomarker was in fact used for enrichment and if so,
what cut-off values were used. Based on this exercise, several

initial hits were deemed irrelevant and were excluded from
further analysis.

RESULTS

Majority of Applicants Do Not Engage in
Fee-Related Procedures After Innovation
Task Force Briefing Meetings
Out of the 311 ITF briefing meetings that took place from
2008 to 2020, 41 contained discussions or questions related to
biomarkers and, in most cases, applicants were referred to SA
or QoNM. Most biomarker-related ITF meetings were held in
2010 and 2012, with six and eight meetings, respectively, but no
increasing trend was observed (Figure 2A). At least 12 of the 41
meetings could be linked to relevant SA or QoNM procedures
(Supplementary Table 2). Six ITF meetings were linked to a SA
procedure that referred to the same biomarker. For example, a
lung clearance index that was discussed in an ITF meeting as a
potential surrogate endpoint in cystic fibrosis trials was endorsed
by the CHMP as a primary endpoint in the SA procedure. In
another ITF meeting, a predictive biomarker for patient selection
in non-small cell lung cancer trials was discussed. Two related
SA procedures were identified that contained discussions on the
cut-off values for that biomarker. In yet another ITF meeting,
predictive biomarkers for clinical trials in multiple sclerosis
were discussed, which could also be linked to a SA procedure.
Interestingly, no reference was made to QoNM in any of the
final SA letters. Seven ITF meetings resulted in follow-up QoNM
procedures, one of which was also linked to a SA procedure.
Four of the seven ITF meetings were with consortia funded by
the Innovative Medicines Initiative (IMI): an EU public-private
partnership funding health research and innovation (14, 15).

Frontiers in Medicine | www.frontiersin.org 3 April 2022 | Volume 9 | Article 878942222

https://clinicaltrials.gov
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/medicine#articles


fmed-09-878942 April 19, 2022 Time: 14:12 # 4

Hendrikse et al. Biomarkers in Medicines Development

TABLE 1 | Qualification opinions related to biomarkers.

Published Biomarker and Context of Use Related SA/QoNM Clinical Trials

October 2010 ILSI/HESI Novel Renal Toxicity Biomarkers None Not for clinical use

April 2011 Low Aβ 1-42 and high tau is qualified as a predictive (prognostic?) marker for an evolution
to dementia in patients diagnosed with mild cognitive impairment. The ratio is discussed but
not qualified, no cut-off values are qualified.

SA in 2009 and 2011
Follow up QO procedures
in 2011 (2)

28 hits, 26 after QO

November 2011 Low hippocampal volume, as measured by MRI and considered as a dichotomised variable
(low volume or not), might be considered a (prognostic) marker of progression to dementia
in subjects with cognitive deficit compatible with predementia stage of AD. No cut-off value
has been qualified.

SA in 2011, 2012 and 2019
Previous QA procedure in
2010

4 hits, all after QO

February 2012 Positive amyloid PET signal qualifies to identify patients with clinical diagnosis of
predementia AD who are at increased risk to have an underlying AD neuropathology, for the
purpose of enriching a clinical trial population.

SA in 2012 and 2014
Previous QO procedure in
2010, follow up QO
procedure started in 2011

120 hits

February 2012 CSF biomarker signature based on low Aβ 1-42 and high T-tau as well as a positive amyloid
PET signal qualify to identify patients with clinical diagnosis of mild to moderate AD who are
at increased risk to have an underlying AD neuropathology, for the purpose of enriching a
clinical trial population.

SA in 2009 and 2011 PET AND amyloid:
120 PET OR CSF:
12

October 2015 Baseline total kidney volume, in combination with patient age and eGFR, as a prognostic
biomarker to identify patients with Autosomal Dominant Polycystic Kidney Disease that are
likely to experience a progressive decline in renal function.

SA in 2009 and 2011 8 hits, 4 after QO

April 2018 Changes in plasma fibrinogen levels as a prognostic biomarker in chronic obstructive
pulmonary disease. The threshold that is considered most useful is 350mg/dl.

SA in 2016 3 hits, 1 after QO

April 2018 Dopamine Transporter levels by SPECT Neuroimaging as an enrichment biomarker for
clinical trials targeting patients with early Parkinsonian symptoms.

Previous QA procedures in
2015 and 2016

14 hits, 7 after QO

April 2019 Stride velocity 95th centile (SV95C) measured at the ankle is an acceptable secondary
endpoint in clinical trials for ambulant Duchenne Muscular Dystrophy (DMD) patients 5 years
of age and above.

SA in 2020 2 hits, 1 after QO

FIGURE 2 | Biomarker-related interactions between 2008 and 2020. (A) ITF briefing meetings. The bars represent ITF briefing meetings related to biomarkers and
their qualification that took place from 2008 to 2020. (B) New and follow-up qualification procedures. Qualification of Novel Methodologies procedures related to
biomarkers that were started between 2008 and 2020.

Consortia Are More Likely to Request
Follow-Up Advice to Previous
Qualification of Novel Methodologies
Procedures
Out of the 77 biomarker-related qualification procedures that
took place between 2008 and 2020, 18 were follow-ups to previous
procedures (Figure 2B). Nine of the 77 procedures resulted
in a QO, of which four were follow-up procedures (Table 1).

Two QOs from 2011 (16, 17) were follow-ups to the same QO
procedure in 2010 (18) and qualified biomarkers for Alzheimer’s
Disease (AD). These three QOs are the only QO procedures that
were brought forward by a company and aimed at qualifying
a biomarker for a specific clinical development program. All
three qualified biomarkers are enrichment biomarkers for clinical
trials with BMS-708163, or avagacestat: an amyloid precursor
protein secretase (γ-secretase) inhibitor that was developed by
Bristol-Myers Squibb for the treatment of predementia and
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mild-to-moderate AD. Another QO, which was a follow-up to
previous QA procedures, qualified low hippocampal volume
as an enrichment biomarker for clinical trials in predementia
AD (19). The fourth follow-up QO qualified neuroimaging
of the dopamine transporter as an enrichment biomarker for
Parkinson’s Disease (PD) (20) and was preceded by two previous
QA procedures—an initial QA procedure and a follow-up QA. Of
all biomarker-related qualification procedures, 36 were started by
companies, of which 20 related to a specific clinical development
program. On the other hand, 41 procedures were initiated by
consortia or foundations and the vast majority of those by IMI
consortia and the Critical Path Institute (C-Path). The C-Path
initiative is a non-profit public-private partnership with the FDA,
which aims to accelerate the pace and reduce the costs of medical
product development through the creation of new standards,
including biomarkers, that aid in the scientific evaluation of
the efficacy and safety of new therapies (21, 22). Interestingly,
only three out of the 18 follow-up procedures were initiated by
companies, and the remaining 15 by consortia or foundations.
Among the follow-up procedures, a large number related to
safety biomarkers for drug-induced injury in different organ
systems: five of them in the kidney, but also in the liver and
cardiovascular system. These procedures were also mainly driven
by the C-Path Preclinical Safety Testing Consortium and the
IMI SAFE-T consortium. The IMI EU-AIMS consortium also
initiated three follow-up QAs in autism spectrum disorder (23).

Context of Use Endorsed in Qualification
Opinion Is Not Always Respected
Since 2008, eight qualification opinions on biomarkers for clinical
use have been adopted by the EMA (Table 1). The first four of
these concern prognostic/predictive biomarkers for enrichment
in clinical trials in AD and were published between April
2011 and February 2012. This includes the three procedures
initiated by Bristol-Myers Squibb for the clinical development of
avagacestat, which was discontinued in November 2012 as the
Phase II clinical trial programme did not establish the desired
efficacy profile. The three QOs qualify cerebrospinal fluid (CSF)
biomarkers “low Aβ1-42 and high tau concentrations” as well
as “a positive amyloid PET signal” for enrichment in clinical
trials for predementia AD and mild to moderate AD (16–
18, 24). The company performed two Phase II studies with
avagacestat (NCT00890890 and NCT00810147), only one of
which used inclusion criteria related to the QOs. This study
was started in 2009, before the first qualification procedure,
and “CSF aβ42 levels < 200 pg/mL or Total Tau/aβ42 ratio
of ≥ 0.39” were used as inclusion criteria. A search of the
clinicaltrials.gov database for trials using amyloid beta and/or
tau in their inclusion criteria yielded 28 relevant hits, two of
which were started before publication of the opinions (Table 2).
Interestingly, the qualified biomarker “low Aβ1-42 and high tau”
is used in only six out of 28 trials. Although the QO does not
specify what would be considered “low” and “high” values, two
trials mention similar cut-offs: “A-beta 42 concentration of less
than 638 ng/L AND total tau >375 ng/L” (NCT02389413) and
“low Aβ1-42 concentrations (<640 pg/mL) and increased total

tau concentrations (>375 pg/ml)” (NCT02240693). In several
cases, “low Aβ1-42” or “high tau” are used, but not in the right
combination. Another observation is that the ratio between Aβ1-
42 and either total tau, tau, or phosphorylated tau is mentioned
as a biomarker in 13 trials, with varying thresholds. A total
of 12 out of 28 trials also mention the qualified biomarker
“positive amyloid PET scan” as part of their inclusion criteria,
however, always as an alternative to CSF biomarkers and never
a combination of the two. A search of the clinicaltrials.gov
database for trials using “amyloid AND PET” in their inclusion
criteria yielded 120 relevant hits, 12 of which are included in
Table 2. The fourth procedure related to AD qualified low
hippocampal volume, as measured by MRI, and considered as
a dichotomised variable (low volume or not), as a prognostic
marker of progression to dementia in subjects with cognitive
deficit compatible with predementia stage of AD (19, 25). Like
for the CSF biomarkers, no cut-off value for “low volume” was
mentioned in the QO. A search of the clinicaltrials.gov database
for trials using “hippocampal volume” in their inclusion criteria
yielded 4 hits in total, all of which were started after publication
of the QO. Besides the trial included in Table 2, which mentions
“hippocampal volume loss,” the other three contain the following
inclusion criteria:

“Magnetic resonance imaging (MRI) scans of the brain within
the past six months reveal evidence and findings consistent with
Alzheimer’s disease, including hippocampal volume loss and/or
overall cerebral atrophy (cerebral volume loss).”

“Magnetic resonance imaging (MRI) confirmation of atrophy of
the hippocampus or the medial temporal lobe volume, MRI
manifestation of high possibility of Alzheimer’s Disease.”

“Magnetic Resonance Imaging (MRI) confirmation of atrophy of the
hippocampus or the medial temporal lobe volume.”

The remaining four QOs regarding biomarkers for clinical
use were published between 2015 and 2020. In October 2015,
baseline total kidney volume (TKV) was qualified as a prognostic
biomarker for renal decline in autosomal dominant polycystic
kidney disease (26, 27). The QO mentions that baseline TKV
should be used in combination with other markers, e.g., patient
age and eGFR, to identify patients that are likely to experience a
progressive decline in renal function. A search of clinicaltrials.gov
for interventional trials in kidney disease yielded a total of eight
trials, four of which started after the publication of the QO
(Supplementary Table 3). Six of the eight trials refer to the “total”
or “combined” kidney volume, of which five refer to a specific
value that ranges from >500 to > 1,200 mL. Kidney volume
progression, specifically with a yearly increase of more than 6%,
is also mentioned as an inclusion criterium in three trials. None
of the trials use TKV in combination with other factors.

In April 2018, changes in plasma fibrinogen levels were
qualified as a prognostic biomarker in chronic obstructive
pulmonary disease, with 350 mg/dl as the threshold considered
to be most useful (28, 29). A search of clinicaltrials.gov yielded
three hits, only one of which was started after publication of
the QO (Supplementary Table 4). All three trials referred to
plasma fibrinogen concentration at baseline, rather than changes
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TABLE 2 | Use of CSF biomarkers for enrichment of clinical trials in AD.

Trial Inclusion criteria Start

NCT00890890 Patient meets clinical criteria for prodromal Alzheimer’s disease (MMSE 24–30), Memory complaint by subject or study partner,
CSF aβ 42 levels <200 pg/mL or Total Tau/aβ 42 ratio of ≥0.39, Score of ≤4 on the Modified Hachinski Ischemia Scale, CT
results consistent with Alzheimer’s disease.

May-09

NCT03277573 Positive amyloid PET scan at Screening. Previous amyloid PET scan positivity or previous AD biomarker (Aβ /tau level)
positivity may be used instead of performing an amyloid PET scan at Screening at the Investigator’s discretion.

Oct-09

NCT02127476 Low Aβ and high Tau in Cerebrospinal fluid (CSF). Mar-12

NCT03282916 For patients diagnosed with Mild Cognitive Impairment and CDR score of 0.5 (questionable dementia), if these patients have
biomarkers of AD neuropathology with either a positive amyloid PET scan, positive fluorodeoxyglucose (FDG) PET scan of
the brain, or positive findings for AD in CSF (low ABeta42 and high tau, p-tau protein levels) they will be eligible for the study.

Dec-13

NCT03290274 Presence of tau, p-tau or Aβ in cerebrospinal fluid or positive amyloid-PET scan. Jul-14

NCT02389413 A positive AD signature showing one of the following (either a, b, c, OR d): a. Screening CSF sample with an A-beta 42
concentration of less than 638 ng/L AND total tau >375 ng/L, as assessed by central laboratory. b. Screening CSF sample with
an A-beta 42 concentration of less than 638 ng/L AND p-tau > 52 ng/L, as assessed by central laboratory. c. Tau/A-beta
ratio > 0.52, as assessed by central laboratory. d. A positive amyloid PET if available prior to screening.

Nov-14

NCT03119961 Alzheimer’s disease, typical or atypical according to International Working Group-2 (IWG-2) criteria, diagnosed on the basis of a
cognitive assessment and an MRI, showing one of the three most frequent phenotypic presentations of the disease
(hippocampal amnesia or logopenic aphasia or syndrome of posterior cortical atrophy) certified by the CSF assay of biomarkers
of the AD ratio PTau/Aβ > 0.11. Mild disease (MMSE 20-26) but presently pejorative outcome: relatively young subject
(< 80 years), “rapid” cognitive decline and high CSF tau rate (>600 pg/mL, for A diagnostic threshold of Alzheimer’s disease of
450 pg/mL).

Mar-16

NCT03939780 Inclusion Criteria for Subjects with a Diagnosis of Probable Alzheimer’s disease: A positive visual read as per local procedures
for florbetapir or similar procedures for other amyloid tracers of an amyloid PET scan, or amyloid-beta and tau cerebrospinal
fluid (CSF) levels, which in the opinion of the principal investigator is consistent with a diagnosis of AD.

Jun-16

NCT03249688 Evidence for underlying AD pathology within 2 year prior to screening by: CSF beta amyloid 1-42/1-40 × 10 ratio <1 and/or
elevated T-tau and/or elevated phospho-tau and/or low beta amyloid 42 based on local lab cut-offs.

Mar-17

NCT03444870a Evidence of the AD pathological process, as confirmed by CSF tau/A-beta42 or amyloid PET scan. Mar-17

NCT03443973a Evidence of the AD pathological process, as confirmed by CSF tau/A-beta42 or amyloid PET scan. May-17

NCT04619420 Participants must have positive tau PET results. Jun-17

NCT03061474 Biomarker criteria: Cerebral Spinal Fluid (CSF) Amyloid Beta 1-42 (Aβ 42) =600 pg/mL, or a ratio of total tau to Aβ 42 ≥ 0.39. Jul-17

NCT03867253 Evidence of the AD pathophysiological process indicated by decreased levels of amyloid antigen binding (AB) and increased
levels of total Tau protein or phospho-Tau protein in cerebrospinal fluid (CSF).

Oct-17

NCT03402659 Positive biomarker for AD, as defined by a CSF Aβ 1-42R below the threshold and phospho-tau above the threshold for the
assay utilised in the study and assessed by the central laboratory.

Dec-17

NCT01953601 Diagnosis of prodromal AD, including the following: Positive Screening amyloid imaging PET scan using [18F]flutametamol
tracer or positive Screening CSF tau:amyloid-β 42 (Aβ 42) ratio

Jan-18

NCT04150198 In vivo proof of Alzheimer’s pathology: Determination of specific proteins on the cerebrospinal fluid (CSF, a routine care
procedure). The values considered pathological (AD) are Aβ 1-42 peptide < 500 (µ g/ml), and/or tau protein > 450 and
phosphorylated tau protein > 60, IATI index <1, tau/Aβ protein ratios >1.23 as well as phosphorylated tau protein/Aβ

1-42 > 0.211.

Feb-18

NCT04388254 The patient has a ratio of total tau/Aβ 42 in cerebrospinal fluid ≥ 0.28. MMSE score ≥ 16 and ≤ 26 at screening, OR if > 26,
must have evidence of AD pathology such as a prior CSF total tau/AB42 ratio =0.28, an amyloid positive PET scan or
hippocampal volume loss consistent with AD.

Aug-18

NCT02240693 Confirmation of abnormal markers of AD pathology either via (a), or alternatively (b) mentioned below: Presence in cerebrospinal
fluid of (samples taken within past 4 months may be eligible,: low Aß1-42 concentrations (<640 pg/mL) and increased total tau
concentrations (>375 pg/ml), or/and low Aβ 1–42 concentrations (<640 pg/mL) and increased phospho-tau concentrations
(>52 pg/mL in cerebrospinal fluid), OR Abnormal amyloid deposition in a cerebral Positron Emission Tomography (PET)
scan.

Feb-19

NCT03748706 The patient has a ratio of total tau/Abeta42 in cerebrospinal fluid =0.30. Mar-19

NCT01978548 Patients must have evidence of amyloid deposition by means of either (1) low cerebrospinal fluid amyloid beta 1-42 (CSF
amyloid beta 1–42) levels and elevated CSF p-Tau and/or total tau levels at screening (cut off values for CSF amyloid beta 1-42
and CSF p-tau and/or total tau will be based on the values established by the Clinical Neurochemistry Lab, Sahlgrenska
University Hospital, Mölndal, Sweden and specified in a separate lab manual) or (2) a positive 18F-flutematol amyloid
positron emission tomography (PET) amyloid scan at screening (optional depending on the site’s PET capability) or both.

May-19

NCT04079803 The patient has a ratio of total tau/Aβ 42 in cerebrospinal fluid =0.28. Sep-19

NCT04045990 The presence of underlying AD pathology must be verified by a prior amyloid-PET and/or Tau-PET imaging (done as part of a
prior protocol), or CSF biomarkers of AD pathology.

Nov-19

(Continued)
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TABLE 2 | (Continued)

Trial Inclusion criteria Start

NCT04711486 CSF according to diagnosis (p-tau > 62 pg/ml, total CSF Aβ 1–42/1–40 ratio ≤ 0.055). Dec-20

NCT02579252 Medial temporal lobe atrophy: Scheltens score of ≥2 (on a scale of 0–4 on the more atrophied side) AND/OR positive AD
biomarker profile in the CSF (amyloid + , tau +).

Jan-21

NCT04661280 Abnormal values for Aβ 42 in the CSF or Aβ 40/Aβ 42 ratio. Abnormal values for phosphorylated Tau in CSF. Feb-21

NCT04685590 Elevated tau protein as determined by CSF Aβ :tau ratio. Apr-21

NCT01522404 CSF levels of Ab42, total Tau, and Tau phosphorylated at threonine 181 consistent with underlying AD pathology according to
established threshold values at Emory and the ADNI Biomarker Core.

Jun-21

Trials were retrieved by searching all interventional trials in the clinicaltrials.gov database using search strings high tau, tau AND ratio, and amyloid AND PET in inclusion
criteria, in trials for Alzheimer’s Disease and without date restrictions. The relevant sections of the inclusion criteria have been coloured as follows: use of biomarkers as
qualified, i.e., “high tau and low Aβ1-42” (green), use of either one of the criteria, i.e., “high tau and/or low Aβ1-42” or use of phosphorylated tau (orange), and use of
presence of, or a ratio between (p-)tau and Aβ1-42 (red). The use of other qualified biomarkers, such as positive amyloid PET scan or hippocampal volume, has been
marked in bold.

in levels: two trials referred to a threshold of 350 mg/dL and the
third to 300 mg/dL.

In April 2018, reduced dopamine transporter (DAT)
levels, as measured by Single-Photon Emission Computed
Tomography (SPECT) neuroimaging were qualified as an
enrichment biomarker for clinical trials targeting patients
with early Parkinsonian symptoms (20, 30). The qualification
procedure was initiated by the Critical Path for Parkinson’s
consortium with the aim to demonstrate the predictive
accuracy of visual assessment of DAT neuroimaging scans at
baseline for identifying those subjects with high likelihood
of progressing in clinical motor disability. A search of
clinicaltrials.gov yielded 14 relevant hits, half of which
were started after publication of the QO (Supplementary
Table 5). Two out of the trials used DAT SPECT as
means of exclusion.

In April 2019, stride velocity 95th centile (SV95C) measured
at the ankle was qualified as a secondary endpoint in
clinical trials for ambulant Duchenne Muscular Dystrophy
patients of 5 years or older (31, 32). From the adopted
QO document: “Stride velocity 95th centile measured at
the ankle (SV95C) is an acceptable secondary endpoint
in pivotal or exploratory drug therapeutic studies for
regulatory purposes when measured by a valid and suitable
wearable device to quantify a patient’s ambulation ability
directly and reliably in a continuous manner in a home
environment and as an indicator of maximal performance.”
A search of clinicaltrials.gov yielded two hits by different
sponsors, one of which started after publication of the QO
(Supplementary Table 6).

DISCUSSION

Support for biomarker discovery, validation, and qualification
is an important objective at the European Medicines
Agency (8, 9). Biomarker developers can make use of
various interaction platforms offered by the Agency,
ranging from briefing meetings with the Innovation Task
Force as a first point of contact, to the Qualification of
Novel Methodologies procedure, where a biomarker can

be qualified for a specific context of use (13). Since the
start of this voluntary procedure in 2008, nine biomarkers
have obtained this regulatory “stamp of approval” by the
EMA, which has sparked the question how the support
from the regulatory system for biomarker qualification
can be improved. The aim is to enable precision medicine
for the benefit of patients, by facilitating a seamless
interaction with biomarker and medicine developers.
Encouraged by this objective, we reviewed biomarker-
related pre-authorisation interactions that took place
between 2008 and 2020 at the EMA and explored the
impact of qualified biomarkers, by assessing their uptake in
clinical trials.

Of the 41 biomarker-related ITF briefing meetings that
were identified between 2008 and 2020, 12 could be linked
to interactions between the applicant and the EMA through
Scientific Advice or QoNM. The fact that 70% of meetings
did not result in any other interaction might be due to the
early stage of some projects, or the fees associated with the
abovementioned procedures. A decreasing trend in the use
of QoNM by pharmaceutical companies had previously been
identified (33), suggesting that companies are more likely to
include biomarker-related questions in SA procedures. This
hypothesis is supported by the data on interactions following ITF
briefing meetings, which show that half of the applicants that
initiated a follow-up opted for SA, all of which were companies,
when they had been referred to the qualification procedure
by ITF experts. On the other hand, most ITF meetings that
resulted in QoNM were with consortia funded by the Innovative
Medicines Initiative, which was launched in 2008 to address
challenges in drug development and regulation (14, 15). Many
IMI projects generate data that is relevant for stakeholders in
medicines development and, therefore, involvement of regulators
is a cornerstone of the IMI programme. Yet, despite various
IMI projects aiming at biomarker qualification, none of them
have resulted in qualified biomarkers thus far. This could
be due to the limited timespan of the IMI-funded projects,
typically 5–6 years, which may be too short for complex
biomarker validation exercises. This also became evident from
analysis of QA final advice letters and is in line with what
has been reported by Laverty and Meulien, who state that
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the interaction with regulatory bodies is often initiated too
late in the project (15). However, consortia such as IMI
EU-AIMS are mentioned as a success story due to their early
interaction with regulators, which has resulted in multiple follow
up QA procedures in the field of autism spectrum disorder
(23). These findings highlight that the benefit of transparency
and availability of biomarker qualification data should be
communicated clearly, in order to engage a wide range of
stakeholders in this procedure.

The difference between the number of ITF meetings
in which QoNM was recommended and the number of
applicants that follow this recommendation suggests that
QoNM application may be perceived as challenging. Given
that applicants are encouraged to make use of this procedure
early on in their biomarker qualification effort, and that the
interactions should ideally follow an iterative approach (34),
lowering potential hurdles is key to achieving these aims.
As part of the QoNM procedure, applicants can participate
in a preparatory meeting with the Scientific Advice Office,
in which members of the qualification team may join as
appropriate (34). Such meetings, which take place before
any fee is due, allow for an informal scientific discussion
and may offer preliminary feedback on the maturity of the
data. However, preparatory meetings take place only after
submission of a complete draft dossier for assessment, which
may discourage applicants, particularly in early stages of a
project. In such cases, questions around the qualification
procedure and the level of evidence required for biomarker
qualification are often addressed in ITF briefing meetings.
To facilitate access to the QoNM procedure, beyond the
information currently available (35, 36), additional guidance may
aid applicants in preparation of the draft dossier, especially in
early-stage projects. Further support can be obtained through
informal interactions with the EMA Scientific Advice Office
(scientificadvice@ema.europa.eu).

To investigate some aspects of the potential impact of a
QO on medicines development, the use of qualified biomarkers
in clinical trials was assessed. A search of the clinicaltrials.gov
database revealed that the first qualified biomarkers, CSF
proteins (sometimes combined with amyloid PET) as enrichment
biomarkers for AD, were used as inclusion criteria in 26 trials
after publication of the opinion. However, an investigation
of the inclusion criteria showed that only six trials used the
biomarkers according to the qualified context of use (“high
tau and low Aβ1-42”). It is unclear what exactly is meant
by “high” and “low” tau, which has also been discussed in
the comments from the public consultation (37). The same
applies to the QOs on Low Hippocampal Volume, Total Kidney
Volume, and Plasma Fibrinogen levels—a threshold that was
considered “most useful” was only given for TKV. These findings
highlight the importance of a clearly defined context of use, in
order to ensure optimal use of the qualified biomarker. Overall,
qualified biomarkers are used in clinical trials, albeit not always
according to their qualified context of use. This observation is
also supported by findings from SA procedures, where sponsors
often refer to specific qualified biomarkers but want to use the
biomarker in a different context of use (data not shown). It

should be noted that a biomarker may be scientifically valid in
different contexts of use, which may not all be covered in a
QO procedure. In general, as clinical trials are the foundation
of evidence generation for MAAs, the uptake of qualified
biomarkers highlights that regulatory qualification is relevant for
medicine developers.

In summary, regulatory qualification of biomarkers is a
cornerstone of the EMA’s strategy to enable precision medicine
for the benefit of patients. This study presents a review of
biomarker-related pre-authorisation interactions at the EMA
since 2008, which highlights opportunities to enhance the
seamless support for biomarker developers. More detailed
guidance may facilitate QoNM application for applicants that
are referred to the qualification procedure during ITF briefing
meetings, enabling sponsors to engage in preparatory meetings
with members of the Qualification Team. Moreover, early
initiation of dialogue with regulators is key to successful
biomarker qualification by consortia, such as those initiated
by the IMI initiative or CriticalPath Institute. In general,
the use of qualified biomarkers in clinical trials illustrates
the positive impact of regulatory qualification on evidence
generation for MAAs. However, a review of inclusion criteria
and outcome measures of the trials showed that, although
the biomarker may be scientifically valid for the intended
purpose, the context of use endorsed by the CHMP is
not always applied. An assessment of the impact on MAA
evaluation may contribute to understanding the value of a
QO and may encourage potential applicants to engage in the
procedure, which in turn would contribute to the development
of precision medicine.
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• In contrast to the prior voluntary system, since 2001, gene technology in Australia
has been regulated under a legislated national Gene Technology Regulatory
Scheme which is administered by the Gene Technology Regulator.
• The Scheme provides science-based assessment of the potential risks of gene

technology to the health and safety of people and the environment.
• It complements the role of the Australian Therapeutic Goods Administration which

regulates all therapeutic products in Australia to ensure they are safe and effective.
• Recent reforms to the Scheme contribute to, and anticipate, the continued safe

development and delivery of gene-based human therapeutics in Australia as a
successful model for other jurisdictions.

Keywords: gene technology, gene therapy, clinical medicine, gene technology regulation, risk management,
technological and regulatory advances, ethics and law

INTRODUCTION

Extraordinary progress in gene and cell therapies, and in new technologies for altering gene
function has occurred over the last two decades. The pace at which these continue to enter
mainstream clinical research and medicine is accelerating, and this increases community
expectations on clinicians, regulators, manufacturers, and governments. The COVID-19 pandemic
has further underlined the integral role that gene technology plays in the development of medicines
and vaccines. It is therefore crucial that governments provide robust, but responsive, regulatory
mechanisms to ensure safe and timely access to new therapeutics.

Australia regulates gene-based therapeutics via two inter-dependent routes: the Gene Technology
Act 2000, which assesses the risks of gene technology to the health and safety of people and
the environment; and the Therapeutic Goods Act 1989, which assesses the safety and efficacy of
therapeutics for those who receive them. The review processes under these Acts are separate,
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independent, and complementary. The Australian regulatory
system is unique in having a centralized regulator – the Gene
Technology Regulator – dedicated to gene technology.

Australian Commonwealth Gene Technology legislation came
into effect 20 years ago upon the commencement of the Gene
Technology Act 2000 and the Gene Technology Regulations
(1) on June 21, 2001. This legislation underpins the National
Gene Technology Regulatory Scheme (the Scheme). Initially, the
majority of applications under the Scheme were for agricultural
releases of genetically modified organisms (GMOs) or for
research confined to laboratories, but the majority now involve
human therapeutics (Figure 1).

Since the Scheme began, technology has changed enormously,
with major advances in gene and cell therapy, gene editing,
synthetic biology, nanomaterials, personalized medicine,
manufacturing, and delivery. Likewise, both globally and
in Australia, there have been regulatory innovations to
accommodate evolving technologies (Figure 2) and reforms to
the Scheme have resulted from two public reviews (Table 1).
The Third Review (2) is currently being implemented, and is
the most wide-ranging as it aims to future-proof the Scheme.
With the implementation of the Third Review and the 20th
year anniversary of the Scheme, we reflect on the Scheme’s
contribution to the safe development and application of gene
technology in human therapeutics in Australia. We also examine
how approval processes under the Scheme interact with other
approval processes in Australia for therapeutic products. We
discuss a number of challenges posed by gene technology and
assess how implementation of the recommendations from the
Third Review is expected to address them and optimize approval
processes. We anticipate the information provided will be useful
to sponsors contemplating regulatory strategies for gene-based
therapeutics in Australia and to national and international policy
makers in other areas that intersect with the impact of gene
technology on humans.

FIGURE 1 | Licenses issued by the Gene Technology Regulator (the
Regulator) for plants and use of human therapeutics involving GMOs over the
last 20 years. Note that these data do not include licenses issued by the
Regulator for research on vaccines and therapeutics that are confined to
laboratories.

THE AUSTRALIAN GENE TECHNOLOGY
REGULATORY SCHEME

Legislative Basis
The Scheme is a cooperative of all state, territory, and
Commonwealth governments in Australia. It comprises the
Intergovernmental Gene Technology Agreement, the Gene
Technology Act 2000 (the Act), the Gene Technology Regulations
2001 (the Regulations), and corresponding state and territory
legislation. Prior to the Act, oversight of gene technology was
under a voluntary guideline-based approach administered
by the Genetic Manipulation Advisory Committee. The Act
changed this to an enforceable legislated system under the
Gene Technology Regulator (the Regulator) as an independent
statutory office holder. The Regulator is responsible for
administering the legislation in accordance with the object of the
Act, which is to “protect the health and safety of people, and to
protect the environment, by identifying risks posed by or as a result
of gene technology, and by managing those risks through regulating
certain dealings with GMOs.” The Regulator is supported by
the Office of the Gene Technology Regulator (OGTR), which is
located within the Commonwealth Department of Health. Two
expert committees are available to the Regulator for advice if
required: the Gene Technology Technical Advisory Committee
(GTTAC) and the Gene Technology Ethics and Community
Consultative Committee (GTECCC). Other regulators are
required by law to consult the Gene Technology Regulator if a
product under their remit also falls under the Gene Technology
Act. Governance arrangements (3) facilitate the co-ordination
and exchange of information between different regulators
and stakeholders, while minimizing duplication. There is also
capacity for the Australian Government minister responsible
for gene technology to expedite the approval of dealings with
a GMO in an emergency through an Emergency Dealing
Determination (EDD). An EDD has effect for up to 6 months
unless extended by the minister (4). As of 4 April 2022, there
have been only two EDDs, both in 2007–2008 for GM vaccines
for equine influenza.

Entry to the Scheme Is Process
Triggered
An organism is automatically regulated under the Scheme if
it meets the definition of a GMO given in Section 10 (1)
of the Act. A GMO is an organism that “has been modified
by gene technology” or “has inherited particular traits from an
organism (the initial organism), being traits that occurred in
the initial organism because of gene technology,” unless it has
been declared by the Regulations not to be a GMO. Thus,
it is the application of the process of gene technology that
triggers entry to the Scheme regardless of the outcome of the
process. This contrasts with “product” triggered regulation in
some other jurisdictions, such as Canada, where new organisms
are regulated as “novel organisms” if their characteristics (traits)
are considered to be new irrespective of the process by which
they came about.
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FIGURE 2 | Key events involving gene technology and its regulation in Australia of relevance to human therapeutics. Blue, Contains key regulatory events; Green,
Examples of key scientific or technological events; Red, Key changes to regulatory requirements as a result of amendments to the Australian Gene Technology
legislation; Brown, Commercially approved gene based therapeutic products in Australia; ADA-SCID, Severe Combined Immuno-Deficiency caused by defective
Adenosine deaminase gene; ASCORD, Australian Academy of Science Committee On Recombinant DNA; COVID-19, Coronavirus Disease 2019 caused by Severe
Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2); CRISPR, Clustered Regularly Interspaced Short Palindromic Repeats; DNA, Deoxyribonucleic acid; GM,
Genetically Modified; GMAC, Genetic Manipulation Advisory Committee; GMO, Genetically Modified Organism; GT, Gene Technology; GTRAP, Gene and Related
Therapies Advisory Panel; IOGTR, Interim Office of the Gene Technology Regulator; OGTR, Office of the Gene Technology Regulator; RAC, Recombinant DNA
Advisory Committee, United States; RDMC, Recombinant DNA Monitoring Committee; RNAi, interfering RNA as technology; SCID, Severe Combined
Immuno-Deficiency; SDN-1, Site-Directed Nuclease which does not involve the use of a guide nucleic acid. The earliest attempt at human gene therapy was an
unsuccessful trial of wild-type Shope papilloma virus administered to three hyperargininemic subjects [Terheggen et al. (65)].

Importantly, although (other than for a gene modified cell
therapy) a license is required from the Regulator to intentionally
introduce a GMO into a human being, a human being who has

received somatic cell gene therapy does not fall under the Scheme
due to a specific exclusion in the Regulations. This exclusion only
applies to human recipients of gene technologies.
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TABLE 1 | Australian regulatory reforms relevant to human gene-based therapeutics.

Review Years Object of reform Status Key reforms

First 2006 Regulations Implemented Explicit statement that an OGTR license is required to introduce
a GMO into a human.

A DNA vaccine is not a GMO. (Implemented 31 March 2007)

Second 2011 Regulations Implemented An OGTR license is not required to introduce a GM somatic cell
therapy into a human. (Implemented 1 September 2011)

Third 2017-2020 Regulations Implemented Organisms treated using RNA interference or Site-Directed
Nucleases (SDN) without guide nucleic acids (SDN-1) are not
GMOs. (Implemented 8 October 2019)

Scheme In progress Proposes a more risk proportionate regulatory framework that
responds to technical advances.

Risk Assessment
Similar to other gene technology regulatory schemes around
the world, risk assessment under the Australian Scheme is
science based, whereby the risk of a GMO is assessed against
the risk of its unmodified parent organism. Formal assessments
consider the potential for toxicity, allergenicity, replication
competence, recombination, integration into host genomes,
inadvertent transmission, and the impact of uncertainty
regarding knowledge. Importantly, potential benefits - be they
economic or health related - of the research are not considered
in the assessment. The regulatory requirements are established
in pre-defined classifications and legislated decision timeframes,
and the Regulator’s assessments of DIR applications (see the
section “Risk Management”) are publicly available. Together
these ensure transparency, efficiency and predictability in the
Scheme which the three public reviews have supported.

Risk Management
Once an organism falls under the Scheme, the risk management
requirements for working with it are tiered according to risk.
For low risk contained laboratory-based research, the main
authorization types are Exempt (or non-notifiable) and Notifiable
Low Risk Dealings (NLRD). Higher risk dealings (for example, all
in vivo viral vector human gene therapies) require a license from
the Regulator. When assessing license applications, the Regulator
performs a case-by-case risk assessment which, depending on
the nature of the GMO and type of license, may require broad
consultation with experts, other regulators, Australian state and
territory governments and the public. This is to inform the
Regulator’s decision on whether a license should be issued and
what risk management conditions should be imposed in the
license. Licenses fall into two categories: the first is a Dealing
Not involving Intentional Release (DNIR) where the GMO is
unlikely to be shed or dispersed into the environment; the
second is a Dealing involving Intentional Release (DIR) of the
GMO, where it is considered possible or probable that the GMO
may be shed or dispersed into the environment. Commercial
supply of therapeutic GMOs can fall under either DNIR or
DIR categories. The Act also provides for the situation where
a person comes into possession of a GMO without realizing
or intending to. If this happens, all further dealings with
the GMO, including destruction, require an authorization. In

such cases, the Regulator may issue an inadvertent dealings
or temporary license to facilitate the safe and legal disposal
of a GMO (5). As of April 4, 2022, two such licenses have
been issued, both for plants (GM petunia in 2017 and GM
alfalfa in July 2021).

Institutional Biosafety Committees,
Human Research Ethics Committees,
and the Therapeutic Goods
Administration
The Scheme requires NLRDs and license applications to the
OGTR to be reviewed by Institutional Biosafety Committees
(IBCs). In line with the object of the Act and the OGTR, IBCs
focus on managing risks to the environment, the health and
safety of people working with GMOs, and others who may be
unintentionally exposed to GMOs. As a result of the Scheme,
most research institutions in Australia have in-house expertise in
assessing and managing risks of GMOs.

The ethics, safety, and efficacy of treating human beings
with therapeutics fall under the remit of Human Research
Ethics Committees (HRECs) and the Therapeutic Goods
Administration (TGA). The TGA authorizes clinical trials of
“unapproved” therapeutics and approves therapeutic goods for
inclusion on the Australian Register of Therapeutic Goods
(ARTG). Inclusion on the ARTG means the therapeutic goods
can be lawfully supplied in Australia.

Clinical trials must be reviewed by HRECs before being
sent to the TGA as a Clinical Trial Notification (CTN) or as
a Clinical Trial Authorisation (CTA) application. CTNs make
up over 99% of submissions to the TGA and, as notifications,
are not subject to review by the TGA after HREC review.
CTAs are required for higher risk or novel treatments, such as
Class 4 biologicals (which include GM cell therapies) and are
subject to TGA review.

Although the OGTR and TGA are two separate competent
authorities responsible for the GMO and clinical aspects,
respectively, they communicate with each other and with other
regulators (for example, the US Food and Drug Administration
and the World Health Organization) where warranted. Similar
to many other countries, applications to both authorities are not
linked and may be submitted in parallel, although GMO licenses
need to be issued before the clinical trial can commence.
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Together, these processes are designed to provide protection
of human health and safety and the environment at all stages in
the development and clinical application of therapeutic GMOs.

GENE TECHNOLOGY IN HUMAN
THERAPEUTICS

Current Gene Technologies Used in
Clinical Medicine
Gene technology is designed to modify existing genes (or gene
expression) or deliver new or missing genes into human cells for
gene therapy for therapeutic benefit. Gene technologies are also
used in other organisms for vaccine production. The delivery
vehicles are often derived from existing organisms (known
as “parent organisms”) by attenuating or removing potentially
harmful genes from their genomes and introducing therapeutic
modifications into them. Such vehicles include replication
defective viral vectors (such as gene therapy vectors derived
from lentivirus or Adeno-associated virus (AAV), which have
had most of their viral genome removed), attenuated replication
competent viruses (such as Herpes simplex virus-1 or Vaccinia
virus vaccine strains modified to selectively replicate in, and lyse,
tumors in the case of cancer therapies, or to generate a protective
immune response in the case of vaccines) and bacteria (such as
E. coli genetically engineered to restore antibiotic susceptibility
to gut bacteria).

The two main routes of administration used to modify genes
or gene expression in human gene therapy are: in vivo gene
therapy, whereby the modifying agent is administered directly
into the human body (for example AAV-based gene therapy for
hemophilia); and ex vivo gene therapy, whereby cells are collected
from a donor and then modified in a specialized laboratory before
being administered to a recipient (for example, chimeric antigen
receptor (CAR) T-cell therapy for cancer). Although both are
forms of gene therapy, the former (in vivo) is often referred to
as “gene therapy” and the latter as “ex vivo gene therapy,” “gene
modified (GM) cell therapy,” or simply “cell therapy.” For ex vivo
gene therapy, if the donor and recipient are the same person, the
therapy is known as “autologous”; and if the donor and recipient
are different, the therapy is known as “allogeneic” (Figure 3).

While virus- and viral vector-based vehicles enter cells by
binding cellular receptors (“transduce”), nucleic acids may be
introduced in the absence of viruses or viral vectors. Non-viral
vectors include deoxyribonucleic acid (DNA), ribonucleic acid
(RNA), and messenger RNA (mRNA), which may be “naked” or
linked to lipids or other chemical entities to facilitate entry.

Other relevant technologies include RNA interference (RNAi)
and gene editing. RNAi involves the use of small RNA
molecules to interfere with (“silence”) gene expression by several
different non-exclusive molecular mechanisms. Gene editing
using CRISPR/Cas is a recently established and advancing
technology that promises to achieve precise edits to the genome.
The CRISPR/Cas components can be delivered into cells in a
variety of ways (e.g., by expression from viral vectors, non-viral
plasmids and mRNA or the Cas protein introduced directly)

and can be administered in vivo or ex vivo depending on the
therapeutic goal (6, 7).

Clinical Applications of Gene Technology
Globally, many vaccines are manufactured using gene
technology. Human gene therapy is a more recent development
spurred by the successful treatment, in September 1990, of a
patient in the United States with a gene modified cell therapy for
severe combined immunodeficiency (SCID) due to adenosine
deaminase deficiency (8). Unfortunately, in 1999 a participant
died in a gene therapy trial for ornithine transcarbamylase
deficiency (9, 10). This led to a suspension of research at the
host institution, a major investigation, and a tightening of
regulatory oversight. Later, the development of leukemia in
patients treated with a gene modified cell therapy for X-linked
SCID from 2000 to 2002 (11–14) resulted in a halt to all
similar gene therapy trials in the United States and Europe
from 2002 to 2003. However, from 2007 onward safer vectors
became available (15, 16), and successes were achieved in
clinical trials for inherited retinal disease (17), hemophilia
(18–21), β-thalassemia (22), sickle cell disease (23), B-cell
lymphoma (24) and B-cell leukemia (25–28). Product marketing
authorizations have now been achieved in various jurisdictions
for a number of gene-based therapies such as, for example,
Novartis’ Luxturna R© for vision loss, bluebird bio’s LentiGlobin R©

BB305 for β-thalassemia (Zynteglo), Novartis’ Kymriah R© for
B-cell acute lymphoblastic leukemia, Gilead Kite’s Yescarta R© for
specific types of lymphoma (29, 30), and Novartis’ Zolgensma R©

for spinal muscular atrophy (31).
Clinical applications, and the regulatory status, of gene

technology in Australia from 2002 to 2021 are reflected in the
number and types of OGTR licenses granted for clinical trials
(Figure 4A) and commercial therapeutic releases (Figure 4B),
the diversity of parent organisms used (Figure 5), the examples
of gene-based therapies (Table 2) and in the case-studies
presented below.

The first license for a clinical trial (DNIR-071) was issued
by the Regulator in 2002 to the Australian Defense Force
Malaria and Infectious Disease Institute for a viral vector-based
Japanese encephalitis vaccine. The first licenses for ex vivo gene
modified cell therapy trials were issued in 2003 to Johnson
& Johnson Research Pty Ltd., (DNIR-170) for autologous
CD34+ hematopoietic progenitor cells (HPC) transduced with
a retroviral vector containing an anti-HIV-1 ribozyme, and The
Children’s Hospital at Westmead (DNIR-179) for autologous
CD34+ HPC transduced with a retroviral vector containing genes
to provide resistance to alkylating drugs used in cancer therapy.
The first commercial release was licensed in 2003 to CSL Ltd.,
(DIR-033) for the Cholera vaccine Orochol R©, and the first in vivo
gene therapy clinical trial license was issued to The University
of Western Australia in 2007 for an AAV trial for age-related
macular degeneration (DNIR-415).

Regulatory reforms have since removed some types of human
therapeutics from regulatory oversight as gene technology or
removed the requirement for a license (Table 1). These include
DNA vaccines (removed 31 March 2007), GM somatic cell
therapy (removed 1 September 2011, whereby (as mentioned
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FIGURE 3 | In vivo and ex vivo gene therapy. AAV, Adeno-associated virus; AdV, Adenovirus; Cas, CRISPR associated protein; CAR, Chimeric Antigen Receptor;
COVID-19, Coronavirus Disease 2019 caused by Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2); CRISPR, Clustered Regularly Interspaced Short
Palindromic Repeats; HSV-1, Herpes simplex virus 1; LV, Lentiviral vector; mRNA, messenger RNA; RNAi, RNA interference; RV, Retroviral vector. Person 1 is the
patient if the product is for (“autologous”) use in that same person OR is a healthy donor if the product is for (“allogeneic”) use in another person (Person 2). For
in vivo gene therapy the modifying gene transfer vector is directly introduced into the body. In ex vivo gene therapy, stem cells (such as hematopoietic stem cells for
the treatment of thalassemia) or immune system cells (such as T-cells for the treatment of cancer) can be isolated from the body, modified, and then re-introduced
into the body. An allogeneic therapeutic product is manufactured from the biological material of a person other than the patient (as the donor). It can be manufactured
for a specific patient under the responsibility of a medical practitioner (as a “directed allogeneic use” product) or for many patients (as an “off-the-shelf” product).

previously) clinical trials of GM cell therapies such as those
previously covered under the 2003 licenses DNIR-170 and
DNIR-179, and CAR T-cell therapies, no longer required OGTR
licenses), and RNAi and Site Directed Nucleases without guide
RNAs (removed October 8, 2019).

Much of the research on vaccines and therapeutics takes place
in laboratories and is therefore not within the scope of this
clinically focused review. Furthermore, regulatory reforms were

implemented on 1 September 2011, whereby clinical trials of GM
somatic cell therapies, such as CAR T-cell therapies, have not
required an OGTR license. In addition, in vitro handling of GM
cells in the laboratory was classed as an exempt GMO dealing so
that such studies now only require review by IBCs, HREC’s, and
the TGA (not the OGTR).

Therefore, the data presented herein after 2011 do not reflect
the therapeutic implementation of many GM-based medicines.
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FIGURE 4 | Types of OGTR licenses issued for human clinical trials with GMOs (A) and for commercial therapeutic use of GMOs (B) over the last 20 years. (A,B)
The year of an OGTR license issue may not have been in the same year that an application to conduct use of the GMO was received. Cell-based therapy (pink
shading, A) ceased to be regulated by the OGTR in 2011. (B) Key: Orochol (Cholera vaccine, live oral); IMOJEV (Japanese encephalitis vaccine, live, attenuated);
T-VEC (IMLYGIC, Talimogene laherparepvec); FluMist (Influenza vaccine); Dengvaxia (Dengue tetravalent vaccine, live); Luxturna (Voretigene neparvovec); Zolgensma
(onasemnogene abeparvovec); Vaxchora (Cholera vaccine, live oral); Vaxzervia (COVID-19 vaccine, AstraZeneca); Janssen (COVID-19 vaccine, Janssen). For further
information and details of these data see Supplementary Tables 1, 2.

However, it is widely accepted that regulatory reforms have
been instrumental in attracting GM somatic cell therapy clinical
trials to Australia.

CASE STUDIES

Hemophilia
Without treatment, hemophilia is a debilitating inherited
bleeding disorder caused by mutation or deletion in the gene
for clotting factor 8 in the case of hemophilia A, or 9 in
hemophilia B. This results in bleeding into joints and greatly
affects patients’ quality of life. It can be life threatening and
simple activities such as playing sport, going on holidays, or

undertaking manual work can be very challenging. A number
of successful hemophilia A and B gene therapies have resulted
from research initiated by the Children’s Hospital of Philadelphia
(CHOP) using AAV (32, 33), and by University College London
and St. Jude Children’s Hospital (19). Royal Prince Alfred
Hospital in Sydney participated in the earliest clinical studies
with CHOP (18, 19), and obtained the first OGTR license for
AAV gene therapy for hemophilia (hemophilia B) in Australia
in 2008. Since then, other licenses for AAV hemophilia gene
therapy have been issued to Pfizer, BioMarin and Medpace, and
trials have been conducted at other hospitals around Australia.
Subjects have greatly benefited as the studies have “enabled the
termination of baseline prophylaxis and the near elimination of
bleeding and factor use” (20, 34). For example, therapeutic levels
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FIGURE 5 | Diversity of parent organisms and vector types used in licensed clinical trials from 2002 to 2021. AAV, Adeno-associated virus of various serotypes;
Adenovirus, includes various human, chimpanzee, and ovine serotypes; Poxviridae, includes various strains of Vaccinia virus and Fowlpox virus; Herpesviridae,
includes Herpes simplex virus 1 and Human cytomegalovirus; Bacterium, includes Bifidobacterium longum, Bordetella pertussis, Listeria monocytogenes,
Mycobacterium bovis and Vibrio cholera; Flavivirus, includes Yellow Fever and Dengue viruses; Paramyxoviridae, includes Bovine parainfluenza virus and Sendai
virus. DNA-based vaccines and cell-based therapies ceased to be regulated by the OGTR in 2007 and 2011, respectively. This Figure does not include parent
organisms in commercial licenses. For further information and details for these data see Supplementary Table 1.

of clotting factor and a 91% reduction in bleeding rates have been
demonstrated over 3 years for hemophilia A (21).

Between 2008 and 2016, when the early OGTR licensed
hemophilia AAV gene therapy studies were underway
in Australia, and local viral vector gene therapy clinical
studies remained relatively infrequent, awareness and risk
management was not streamlined across the country. The
legally enforceable conditions in early OGTR licenses ensured
staff were trained in risk management and helped to facilitate
requirements nationally. The licenses also help hospitals
manage risk because the license holders (usually commercial
sponsors) are held responsible for compliance. OGTR mandated
Compliance Management Plans for each license further ensure
that sponsors apply consistent risk management standards
across multiple trial sites and consult the local IBCs before
studies begin. A key problem has been that, because Australia
does not have a substantial pharmaceutical manufacturing
sector, local sponsors (frequently marketing and clinical trial
branches of international sponsors) do not often have the
required technical knowledge to complete OGTR license
applications. They have frequently required back and forth
consultations with technical and regulatory experts in the
parent company. IBCs have to educate sponsors on Australian
requirements and technical aspects which has consequently
delayed approvals. This is further exacerbated if the parent
company is large and has unwieldy top-down or siloed
communication and authorization processes that are not well
suited to biological therapies.

Vaccines and Public Health
Initially, live vaccines were attenuated using techniques such as
serial passage. Now this can be achieved by genetic modification
(for example, by removing viral replication and immune evasion
genes) and GMOs are increasingly being used as attenuated live-
vaccines or to produce subunit vaccines.

In Australia, the Regulator has issued licenses for clinical
trials of vaccines for Respiratory syncytial virus, influenza,
cholera, malaria, whooping cough, COVID-19, Cytomegalovirus,
Hepatitis B, and Zika/Chikungunya viruses. Commercial supply
licenses have been granted for vaccines against Japanese
encephalitis (IMOJEV R©, Sanofi, 2010), influenza (FluMist R©,
AstraZeneca, 2016), Dengue fever (Dengvaxia R©, Sanofi, 2017),
cholera (Orochol R©, CSL, 2003; Vaxchora R©, Biocelect, 2021)
and COVID-19 (Vaxzervria R©, AstraZeneca, 2021; COVID-19
vaccine, Janssen, 2021).

Researchers and companies across the world have been
urgently developing candidate vaccines for coronavirus disease
2019 (COVID-19) caused by the SARS-CoV-2 virus. As of 1 April
2022, the World Health Organization reported 153 vaccines in
clinical development and 196 in preclinical development globally
(35). Regulators have responded in parallel by providing timely
assessments without compromising safety.

Without need for regulatory adjustment, the regulatory status
of dealings with vaccines in Australia is clear under the current
Scheme. Dealings involving GM virus or viral vector-based
vaccines (such as AstraZeneca’s and Janssen-Cilag’s adenovirus-
based COVID-19 vaccines) or GM bacteria-based vaccines
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require OGTR licenses. In contrast, mRNA or protein sub-
unit vaccines (such as Pfizer’s COMIRNATYTM and Moderna’s
mRNA-1273 mRNA COVID-19 vaccines, and Novavax’s NVX-
CoV2373 protein sub-unit COVID-19 vaccine) do not require a

license because mRNA and proteins derived from the use of gene
technology are not defined as GMOs under the Scheme. This is
because GM viruses, viral vectors and bacteria have the potential
to replicate, spread, or cause harm to the environment or people

TABLE 2 | Exemplars of gene-based therapies, their regulatory status, and regulatory requirements in Australia.

Vaccines Biocelect Vaxchora (PXVX0200) (previously Orochol) AstraZeneca FluMist

Indications Cholera vaccine Influenza vaccine

Type GM live attenuated Vibrio cholerae virus vaccine strain GM live attenuated human Influenza A and B virus vaccine strains

Administration Per oral Nasal spray

Clinical status Authorized: United States, EU; Pending authorization: Australia Authorized: United States, Canada, EU, Australia

OGTR license Yes (DIR-174 for commercial supply) Yes (DIR-137 for commercial supply)

Gene therapy Spark Therapeutics SPK-8011, Pfizer SPK-9001 (PF-06838435,
Fidanacogene elaparvovec)

Novartis Luxturna (Voretigene neparvovec)

Indications Hemophilia A (SPK-8011), Hemophilia B (SPK-9001) Inherited blindness due to RPE65 gene mutations

Type GM replication deficient AAV vector expressing clotting factors VIII for
Hemophilia A or IX for Hemophilia B.

GM replication deficient AAV vector expressing human retinal pigment
epithelium 65 kDa (RPE65) protein

Administration Single IV infusion Subretinal injection

Clinical status Clinical studies Authorized: EU, United States, Switzerland, Australia, Canada

OGTR license Yes (DNIR-569 and DNIR-577 for clinical studies) Yes (DNIR-615 for commercial supply)

Cell therapy LentiGlobin BB305 Drug Product CRISPR Therapeutics CTX110, CTX120, CTX130

Indications Transfusion-Dependent β-Thalassemia (TDT), Sickle Cell Disease (SCD) CD19+ B-cell malignancies; BCMA+ multiple myeloma; CD70+ solid
tumors

Type GM autologous CD34+ HSC modified ex vivo with a replication
defective, self-inactivating, lentiviral vector encoding functional β-globin

GM allogeneic healthy donor T-cells gene edited ex vivo using
CRISPR/Cas9 to insert chimeric antigen receptor (CAR) genes targeting
cancer-specific antigens: CD19 (CTX110), BCMA (CTX120) and CD70
(CTX130)

Administration Single dose IV infusion Flexible dosing IV infusion

Clinical status Conditionally authorized for TDT in EU (Betibeglogene autotemcel,
Zynteglo).
Clinical studies for SCD in United States (NCT02140554). Then
voluntary temporary suspension February – July 2021 while pending
outcome of a safety review by EMA in 2021, which “concluded that
there is no evidence Zynteglo causes a blood cancer known as acute
myeloid leukemia” (64).

Clinical studies

OGTR license Not required (Somatic Cell therapy) Not required (Somatic Cell therapy)

Cancer Amgen IMLYGIC (Talimogene laherparepvec, T-VEC) CG Oncology CG0070

Indications Melanoma (unresectable) Bladder cancer due to defects in retinoblastoma (Rb) signaling

Type GM live attenuated replication competent virus (Herpes simplex virus-1,
JS1) modified to express hGM-CSF to enhance systemic anti-tumor
immune responses and oncolysis

GM live attenuated replication competent virus (human Adenovirus)
modified to preferentially replicate in cancer cells with defects in Rb
signaling and express hGM-CSF to enhance systemic anti-tumor immune
responses and oncolysis.

Administration Multiple treatments via intra-tumoral injections Weekly treatments via intravesical (IVE) route

Clinical status Authorized: United States, EU, Australia Clinical studies

OGTR license Yes (DIR-132 for commercial supply) Yes (DIR-177 for clinical studies)

Other Westmead Institute for Medical Research GM E coli to restore
antibiotic sensitivity to gut bacteria

Prevail Therapeutics PR006

Indications Reduced effectiveness of certain medical treatments affected by
antibiotic resistance in gut bacteria

Frontotemporal dementia with pathogenic progranulin gene (GRN)
mutations

Type E. coli (Nissle) containing antibiotic resistance plasmids with genes for
resistance to multiple antibiotic classes deleted to restore antibiotic
sensitivity to gut bacteria

Replication defective AAV vector encoding human progranulin protein
(PGRN)

Administration Ingestion Single dose via intra-cisternal administration

Clinical status First-in-human clinical study (pending HREC/TGA) First-in-human clinical study

OGTR license Yes (DIR-183 for clinical study) Yes (DNIR-623 for clinical study)

(Continued)
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TABLE 2 | (Continued)

COVID-19 VAXZEVRIA (Previously AstraZeneca ChAdOx1-S, AZD1222,
ChAdOx1 nCoV-19)

Pfizer COMIRNATY [BNT162b2 (mRNA)]

Indication COVID-19 vaccine COVID-19 vaccine

Type Replication defective Chimpanzee Adenovirus type Oxford University 1
(ChAdOx1) vaccine vector encoding SARS-CoV-2 spike protein

Non-replicating single stranded nucleoside-modified messenger RNA
(mRNA) encoding SARS-CoV-2 spike protein

Administration 2 doses via intramuscular injection 2 doses via intramuscular injection

Clinical status Authorized: Many countries, ongoing safety assessments Authorized: Many countries, ongoing safety assessments

OGTR license Yes (DIR-180 for commercial supply, DNIR-630 and DNIR-632 for
manufacture)

Not required (mRNA)

AAV, Adeno-associated virus; BCMA, B-cell maturation antigen; Cas9, CRISPR associated protein 9; CAR, Chimeric Antigen Receptor; CAR-T, Chimeric Antigen Receptor
T Cells; COVID-19, Coronavirus Disease 2019 caused by SARS-CoV-2; CRISPR, Clustered Regularly Interspaced Short Palindromic Repeats; DIR, OGTR License for a
Dealing Involving Intentional Release; DNIR, OGTR License for a Dealing Not Involving Intentional Release; hGM-CSF, human Granulocyte-Macrophage Colony-Stimulating
Factor; HSC, Hematopoietic Stem Cells; IV, Intravenous Infusion; SARS-CoV-2, Severe Acute Respiratory Syndrome Coronavirus 2. “Clinical status” refers to whether the
therapy is in clinical studies or is authorized (i.e., has received marketing approval). “Authorized” (for each jurisdiction) means marketing approval has been granted by
the following (for example only): Provisional Approval and entry onto the Australian Register of Therapeutic Goods (ARTG) (Australia), Provisional Consent (New Zealand),
Conditional Marketing Authorization (EU), FDA License (Approval) (United States), National Institute for Health and Care Excellence (NICE) approval (United Kingdom). All
authorizations are subject to ongoing safety assessment and reporting.

handling them unless they are manufactured, contained, and
used appropriately. In contrast, mRNA and proteins do not
have this potential.

Where COVID-19 vaccines have required an OGTR license,
the OGTR has expedited its assessments to precede, or align
with, TGA product approvals. Thus, COVID-19 vaccines have
not required exemptions from any gene technology related
regulatory requirements in Australia. In this way, the national
consistency of the Scheme, with the OGTR as its central expert
regulatory competent authority for GMO aspects, and its network
of experienced IBCs ensures Australia assesses GM vaccines in a
safe and timely way.

DISCUSSION – KEY CHALLENGES AND
HOW RECOMMENDATIONS OF THE
THIRD REVIEW ARE EXPECTED TO
ADDRESS THEM

The key challenges facing the future development and use of
gene-based therapeutics relate to technological advances, risk
proportionate regulation, harmonization with other regulatory
systems, access, the patient journey, and marketability. They are
inter-related and impact society, the environment, ethics, and
safety in the broadest sense. It follows that regulatory systems
need to be able to respond to rapidly changing needs and interact
well with each other.

Technological Advances
Technology has advanced to a point where possibilities
once considered likely, but not imminent, have become real;
particularly following the establishment of programmable gene
editing technology via targetable nucleases and CRISPR/Cas
(36, 37) (Figure 6). Two striking examples of this are the
in vitro gene editing in 2015 of human tripronuclear zygotes
not intended for implantation to establish a pregnancy (38),
and the announcement in November 2018 of widely condemned
unethical research involving gene editing of human embryos
that were subsequently implanted to establish a pregnancy

(39). The latter has revived earlier considerations of, and
provoked renewed international statements on, the ethics of
Human Inheritable Genetic Modification (HIGM) (40–43); as
well as considerations of the adequacy of current oversight
mechanisms regarding the potential for HIGM. These concerns
are also apparent in Australia (44–47). The Third Review
recommended that “subject to consideration, the COAG (Council
of Australian Governments) Health Council might also consider
whether additional regulatory oversight is needed for humans
who may receive or inherit germline therapies (or other somatic
therapies not within the remit of the Scheme). The COAG Health
Council should also consider which regulatory (or other) body
would be most appropriate to undertake such oversight” (44).
In another sphere of public policy development, consultations
on the legalization of mitochondrial donation considered the
potential for intentional HIGM (45, 46), and as a result
the Mitochondrial Donation Law Reform (Maeve’s Law) Bill
(48), which was passed on 30 March 2022 expressly prohibits
intentional modification of nuclear or mitochondrial DNA.
Once legalized, mitochondrial donation will be regulated by the
National Health and Medical Research Council Embryo Research
Licensing Committee.

Other indicators of future directions are provided in the clinic
and in the laboratory. In the clinic, they include direct in vivo
human gene editing for Transthyretin Amyloidosis (7) and
the treatment of graft versus host disease using reprogrammed
cells (49). In the laboratory, they include the creation of new
organisms using synthetic biology (50–54) (such as Horsepox
virus (55) in research aimed at developing safer vaccines) and
the reprogramming of somatic cells (49, 56) from a mature state
into a pluripotent stem cell state, and into human embryo-like
structures (“iBlastoids”) (57–59) for the purpose of elucidating
disease mechanisms and new therapeutics. Gene drives have also
been developed as a potential means for infection control, such
as in mosquitoes for the control of malaria (60), and in Human
Cytomegalovirus in vitro in proof of principle experiments (61).
Synthetic biology and gene drives are within the scope of
the current Scheme and there is strong support for this to
continue (44).
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FIGURE 6 | Technological advances (A) CRISPR/Cas gene editing – CRISPR/Cas comprises an enzyme (Cas), which is complexed with a synthetic guide RNA that
directs the enzyme to a target site in the genome where it cleaves specific DNA sequences and allows sequences to be added, removed, or altered in situ (i.e.,
“edited”). Cas9 is the first gene editing enzyme developed by Emmanuelle Charpentier and Jennifer A. Doudna in 2012, for which they received the Nobel Prize in
Chemistry in 2020. Other types of editors have been developed to provide greater safety, functionality, and finer control over gene editing. (B) Gene drives – Gene
drives are genetic elements that are favored for inheritance. They increase the rate at which certain genes are inherited by the offspring of reproducing organisms,
thus spreading the genes faster through a species than would normally occur. They can be used to preferentially propagate chosen genetic modifications in a target
population, even if deleterious to the population. They can be generated in organisms that reproduce sexually (e.g., mosquitos for malaria control) or asexually (e.g.,
bacteria [E. coli] and viruses [Human cytomegalovirus (HCMV)]), and may have potential for infectious disease control. The schematic is from Walter and Verdin (61)
and shows how a gene drive (“GD”) in HCMV might be used to target and replace wildtype HCMV (“WT”) in cell culture experiments. The WT expresses UL23 which
blocks interferon-gamma (IFN-γ) antiviral responses, whereas in the GD UL23 is knocked out, thus making the GD susceptible to IFN-γ. In addition, they each
express a different marker protein that enables them to be distinguished from each other via fluorescence microscopy. The WT expresses a green fluorescent marker
protein (eGFP), whereas the GD expresses a red fluorescent marker protein (mCherry). Recombination between the WT and GD gives rise to recombinant
GD + viruses that are strongly inhibited by IFN-γ when infecting other cells and that express both marker proteins (eGFP-mCherry). (C) Cell reprogramming - Mature
(adult somatic) cells can be reprogrammed in the laboratory to an immature state (as induced pluripotent stem cells, iPSCs) by treating them with reprogramming
factors. They can then be differentiated into other types of mature cells. For example, an adult skin cell can be reprogrammed to become a heart muscle cell. It may
not be necessary to go through the stem cell state, as direct reprogramming from one type of mature cell (e.g., skin) to another (e.g., heart) is possible in the
laboratory. Reprogramming factors may be introduced into cells using gene technology (such as via viral vector or plasmid transduction) or without gene technology
(such as via chemical protein induction). The Polo laboratory at Monash University generated human embryo-like structures (“iBlastoids”) from adult skin cells using
such processes (57–59).
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Changes in technology incorporate advances in personalised
medicine, synthetic materials, nanomaterials as delivery and
activation agents, biological materials and cells as devices,
manufacturing using automated closed systems (whereby
devices, not facilities, provide containment of GMOs), and
flexible manufacturing and delivery processes (including at
point-of-care) that respond to patients’ needs in real-time.
Implementing these technical developments require ongoing
communication between the OGTR and TGA.

Broader participation in science outside traditional research
organizations is important and the OGTR regulates, actively
engages, and provides advice in this area. Importantly, the
Scheme has also enabled Australian community attitudes to
gene technology to be gauged regularly. The most recent report
in June 2021 found that there is “stronger support for genetic
modification generally at 39% of high support in 2021, up from
33% in 2019”; and that “genetic modification for medical purposes
remains the most acceptable use, with strong support at 61% of
people surveyed” (62).

Risk Proportionate Regulation,
Harmonization With Other Regulatory
Systems and Marketability
At present, the Scheme consists of prescriptive or rules-based
regulations that can only be changed via legislation. Advantages
of the Scheme, as it currently stands, are that it provides “full
regulatory coverage of gene technology across Australia,” rigor,
clarity, and certainty. One obvious disadvantage is that rules-
based regulations can “lack the agility needed to keep pace with
the advances in technology” (44). The Third Review recognized
this and aims to future-proof the Scheme by providing a means
for additional risk tiering, and principles-based legislation with
supporting delegated legislation. Principles-based regulation sets
out high-level principles that focus more on outcomes than on
the means of achieving them. Some rules-based regulation can
be retained for clarity where needed and delegated legislation
can enable regulators to make changes in response to new
information without having to change the underlying legislation.

Research, development, commercialization, and the
regulation of gene technology are global activities, and regulatory
harmonization is vital to ensure the flow of goods and services
across borders. Although definitions and approval processes
for therapeutic applications of gene technology may differ,
risk management approaches are similar between jurisdictions.
However, terminology matters, and much remains to be
achieved in harmonizing terminology between countries so
that therapeutic goods can flow freely. For example, while the
Australian “exempt GMO” classification applied to a therapeutic
(such as therapeutics derived from an induced pluripotent stem
cell that originated using gene technology) is not problematic in
Australia, it could be problematic for export to other jurisdictions
if the same therapeutic is considered and marketed as a non-
GMO. Implementation of the recommendations in the Third
review are expected to provide greater flexibility in dealing with
issues such as this with flow-on benefits toward improved global
harmonization. The OGTR contributes to harmonization and

best regulatory science practices through its interactions with
other regulators in Australia via the Regulatory Science Network,
and internationally by its participation in the OECD, WHO and
other multilateral forums. The TGA also participates in many
international regulatory harmonization activities.

Access, Timeframes, International
Awareness of Regulatory Requirements
in Australia, and the Patient Journey
Increased harmonization and accelerated timeframes for all types
of regulatory approvals have been identified as important factors
impacting patient access to therapeutics in the recent House of
Representatives “Inquiry into approval processes for new drugs
and novel medical technologies in Australia” (63). While TGA
and OGTR target timeframes align with each other, and with
international regulators, for product approvals (approximately
120–255 business days for TGA product approvals and 90 –
255 business days for OGTR licenses), there is a divergence
between the OGTR and TGA in relation to clinical trials. Target
processing timeframes for clinical trials currently consist of
approximately 30 business days for HREC review, followed by
5–7 days for TGA CTNs or 40 days for TGA CTAs. As the
situation currently stands, the legislated timeframe for granting
OGTR licenses is not reduced for clinical trials compared to TGA
timeframes (it can still take up to 90 business days to obtain an
OGTR license for a DNIR and 150 business days for an OGTR
license for a DIR). The Third Review proposes improvements by
further triaging regulatory processes, for example, by assigning
applications to the new categories “full assessment,” “expedited
assessment” or “permit approval” processes depending on risk
(2). This is expected to improve timeframes, particularly for
replication defective gene therapy viral vectors that have a
long history of safe use with respect to the health and safety
of people and the environment, such as AAV vectors. The
TGA has also introduced reforms to improve timeframes and
harmonization, for example, by introducing recognition of
equivalent approvals by regulators in other jurisdictions and
participating as a member of the Australia-Canada-Singapore-
Switzerland-United Kingdom Access Consortium in promoting
regulatory collaboration and alignment.

An outstanding issue affecting access is the lack of awareness
among international sponsors of approval processes and
timeframes in Australia. International sponsors often have
authorization for a clinical trial under the FDA’s Investigational
New Drug (IND) Scheme and assume that the local sponsor in
Australia may only require HREC and TGA approvals. Surprises
occur when it is belatedly discovered that an OGTR license
is required and that the license holder needs to be an OGTR
accredited organization. Although the accreditation and license
applications can be submitted in parallel, it adds up to 90 business
days to the approval processes. International sponsors should be
encouraged to consider this early on in their regulatory strategy
(e.g., before filing an IND) to ensure efficient access. The TGA,
OGTR, and Australian biotechnology and trade organizations
have a role in improving awareness of the Australian regulatory
requirements for international sponsors.
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Improvements to the patient journey will necessitate changes
in how technology is used and how to translate between different
regulatory systems. Agile responses to emerging health and
market needs will facilitate access and manufacturing scaling
up, out and back.

CONCLUSION

Over the last 20 years, the Australian Gene Technology
Regulatory Scheme has contributed to the advancement of
gene-based therapeutics by providing a nationally consistent
and transparent approach. The Scheme provides a clear set of
classifications and one regulatory agency, the OGTR, which
researchers, clinicians, and sponsors can turn to for expert advice.
The Scheme is compatible with other applicable regulators such
as the TGA. There are many regulatory challenges to address
and further changes to the Scheme are planned to improve
approval processes and make it more responsive to technological
changes and harmonize processes between regulators. The
OGTR licensing system has improved the governance of
clinical studies, especially those conducted at multiple sites
by placing responsibility for compliance on license holders
and by ensuring appropriate risk management. The OGTR
accreditation and facility certification systems have ensured
clinical applications are sponsored by suitable organizations and
conducted in appropriate containment facilities. Clinical trials
are overseen by IBCs with appropriate expertise to assess safety
of the gene modified products. Together these processes have
ensured that organizations develop expertise and clinical and
research capacity in the safe delivery of gene-based therapeutics.
Implementation of recommendations from the Third Review of
the Scheme is expected to further improve approval processes,
timeframes, and access.

DATA

The information presented in this review is general in nature.
There are exceptions to dealings and classifications, which may
be assessed on a case-by-case basis by the OGTR.

Although some of the authors are OGTR staff members
or members of the Gene Technology Technical Advisory

Committee (GTTAC) and/or the Gene Technology Ethics and
Community Consultative Committee (GTECCC), this paper is
not intended as a source of advice (legal or otherwise) in relation
to the Gene Technology Regulatory Scheme or risk management
of GMO dealings. Instead, it provides an academic overview
of the Scheme and its contribution to the safe advancement of
research in Australia. Its content is not advice.

Although this paper mentions medications and brand names
it is not promoting any medications or brands.
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The recent advent of the dynamic consent concept intensified the data integrity issue in

clinical trials. Incorporating blockchain technology into a dynamic consent platform can

be a feasible solution. Due to various clinical trial settings, a demand-driven development

strategy is required. We developed a blockchain-based dynamic consent platform

named METORY tailored for clinical trials. The platform consisted of three parts: web and

mobile application user interface, study management platform, and blockchain platform.

Hyperledger Fabric, an enterprise-grade private blockchain framework, was used to

integrate blockchain into the study consent platform. We conducted user acceptance

tests and applied feedback to the improvement of the platform. Identity and role-based

access control was constructed by combining mobile-application-based certificate

system and access control functionalities in Hyperledger fabric. Data were encrypted

using SHA-256 prior to transmission to blockchain server and TLS protocol was used

for in-transit encryption. File-system level encryption was separated implemented within

the security measures from Amazon RDS. Users’ experience in the clinical trial was

acceptable in the ease and usefulness of the platform.

Keywords: blockchain, clinical trials, dynamic consent, mobile application, platform

INTRODUCTION

Written informed consent, which is mandated under Good Clinical Practice, should be obtained
prior to any study-related procedure in clinical trials (1). The principle also obligates obtaining
additional consent when the study protocol is amended (1). In practice, the principle has met
several concerns with the advent of digitalization in clinical trials (2). A major concern is that
traditional “written” consent cannot ensure proper understanding; therefore, the consent process
should be dynamic and interactive (2).
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Digitalization in clinical trials was accelerated after the
coronavirus-19 pandemic in 2019 (3). In particular, electronic
consent (eConsent) in clinical trials was actively implemented
as the traditional consent process became unavailable during
the pandemic (3, 4). Despite the widespread introduction of
eConsent, several major issues have been posed (5, 6). One major
concern is whether the study participants adequately understand
the information (6). Another issue is security and trust, which
requires strict control of access systems (6). The issues were
aligned with recent discussions in data integrity, which was
emphasized in Good Clinical Practice (7).

Attentions to eConsent in clinical trials are currently intense,
coupled with novel clinical designs and decentralized clinical
trials (5). As considerable data are generated or managed from
electronic sources in this environment, conventional paper-based
regulations are not properly working under these settings (5).
However, there have been no consistent procedures to replace
conventional paper consent with the electronic format (8). In
addition, issues in the eConsent platform are associated with
the design of the platform, wherein the entire information was
conferred via electronic media (6, 8, 9).

The issues in implementing eConsent are also closely related
to recent dynamic consent concepts in clinical trials. Dynamic
consent is characterized by granular decisions from the study
participants supported by an interactive digital interface (10).
As dynamic consent requires point-by-point decisions from the
study participants, it inevitably accompanies a larger number
of interactions (11). Accordingly, data integrity and security
issues could be intensified in implementing dynamic consent in
clinical trials.

One approach to overcome the data integrity issue is the
utilization of blockchain technology. Key features of blockchain
are immutability and traceability of data, which could bolster data
integrity in clinical trials (12). Several attempts have been made
to integrate blockchain in dynamic consent (13–15). Most of the
attempts were related to dynamic consent models in biobanks
(13, 15), wherein the dynamic concept was first introduced in
contrast to broad consent (16).

Among the advantages of implementing blockchain in clinical
trials, patient privacy is of great importance. Cryptographic
algorithms intrinsically provided by blockchains could provide
stable measures of patient privacy (17). The prototype blockchain
bitcoin used 256-bit Secure Hash Algorithm (SHA-256) replacing
IP address (17) and implemented in a consent module (18).
Various other encryption algorithms are also attempted, and
the inherent anonymization following encryption could be well
aligned with clinical trials (19).

To the best of our knowledge, attempts at blockchain-
based dynamic consent in clinical trials are relatively rare. The
incorporation of blockchain in clinical trials has been mostly
focused on data management and in the prototype stage (20, 21).
The experience of the platforms in prospective clinical trials
is even more limited, although evaluation using retrospective
clinical trial data was tried (22).

To address complicated considerations in clinical trials
(5), we developed a demand-driven blockchain-based dynamic
consent platform tailored for clinical trials named METORY. We

designed the platform from pragmatic perspectives, followed by
iterative platform enhancement. In addition, we implemented
the platform in an actual multicenter clinical trial to evaluate
real-world user experience.

MATERIALS AND METHODS

Overall Development Strategy
To optimize the development process, we adopted a prototype
development approach. Prior to developing a prototype platform,
a preliminary survey on the functions of the platform was
planned. The prototype platform was built based on the
survey results, and three-stage user acceptance tests were
performed: core group (mainly with developers), single center,
and multicenter levels. The feedback from the user acceptance
tests was reflected on the further development of the platform.
The final platform was implemented in an actual multicenter
clinical trial, and user experience from the trial was collected
(Figure 1).

Preliminary Survey on the Functions of the
Platform
To define the main functions of the platform tailored for clinical
trials, a preliminary survey was conducted on investigators and
personnel in clinical trials. We organized questions with the
multimedia components adapted from TransCelerate eConsent
guidance (23). The included items were as follows: tiered
approach of the interface, video, audio, pictures and diagrams,
callout boxes, chats with investigators, knowledge review,
section-based participant attestation, and electronic signature.
Each question was provided with prototypal illustrations of the
system. The questionnaire was sent via group emails of the
Korean Society for Clinical Pharmacology, and responses were
collected in November 2019.

Platform Development
The platform was divided into three parts: web and mobile
application user interface, study management platform,
and blockchain platform. Web and mobile application user
interfaces were constructed separately for investigators and
study participants. Study management parts comprised the web
servers for investigators and study participants, application
programming interface (API) for mobile applications, relational
database management system (RDBMS) for study management
to store study information, and a decentralized application
(dApp) server which could access to blockchain platform. Web
servers and APIs transmitted study information to RDBMS,
while the web server for the investigators sent signed consent
information to the dApp server. The dApp server requested
access to the blockchain platform to record or create transactions
or to add signed consent information on the block (Figure 2).

Blockchain platforms could be primarily classified into
public, private, or federated blockchain (24). The following
characteristics were taken into account on selecting the proper
blockchain platform: (i) access control of trusted users, (ii)
protocol efficiency, (iii) immutability of data, (iv) management of
the platform, and (v) transaction approval rate (24). Availability
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FIGURE 1 | Schematic representation of the development process.

FIGURE 2 | Data flow and architecture of the platform.

of smart contract and data security functionalities was also
considered as the platform was aimed at dynamic consent.

User Acceptance Test
User acceptance tests were initially performed with the first
prototype platform within the core group consisting of
developers and study personnel. The core group evaluated
key functions of the platform, such as study, consent, subject
management, and electronic consent process. Key functions were
described as step-by-step scenarios, and the core group evaluated
each step. The results of the user acceptance test were applied to
improve the platform. The improved platform was then assessed

in study personnel in a single study center, followed by those
in another center to evaluate the multicenter scalability of the
platform (Table 1).

User Experience in the Multicenter Clinical
Trial
The final platform was implemented in an actual
decentralized and multicenter clinical trial using virtual drugs
(ClinicalTrials.gov identifier: NCT05047016) (25). The study
consisted of 2-week visits and home-based procedures. At the two
visits, study participants completed the questionnaires regarding
the user experience using the platform. The questionnaire

Frontiers in Medicine | www.frontiersin.org 3 May 2022 | Volume 9 | Article 837197247

https://www.clinicaltrials.gov/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Huh et al. Development of Dynamic Consent Platform

TABLE 1 | User acceptance test scenarios.

Steps Descriptions

Study management by the investigators

1 Sign-in with the administrator account

2 Grant an investigators’ role

3 Create an account for an investigator

4 Sign-in with the investigator account

5 Modify account information

6 Manage authorization

7 Create an account for a clinical research coordinator

8 Create a study

9 Set up for the study: upload an advertisement for subject recruitment

10 Set up for the study: add descriptions on the advertisement

11 Set up for the study: upload an informed consent form

12 Set up for the study: set the signature format

13 Set up for the study: modify the status of the study

14 Check the advertisement for subject recruitment

Consent management by the investigators

1 Check the subject participation status

2 Check the request for study instruction from the subjects

3 Start instructions on the study

4 End instructions on the stud

5 Sign on the informed consent form

6 Verify access to the blockchain platform

Subject management by the clinical research coordinators

1 Sign-in with the clinical research coordinator account

2 Modify account information

3 Check the subject participation status

4 Check the reservation schedule

5 Answer to the subjects’ inquiries

6 Modify the reservation schedule

7 Verify the authentication of a subject

8 Check the request for study instruction from the subjects

9 Check the signed informed consent form

Consent process by the study participants

1 Create a user account

2 Sign-in with the user account

3 Modify account information

4 Check advertisements for subject recruitment

5 Participate in a study

6 Reparticipate in a study

7 Inquire investigators of the study information

8 Make a reservation for a visit

9 Modify the reservation for a visit

10 Authentication

11 Request for instruction from the investigators

12 Get the instruction from the investigators

13 Sign on the informed consent form

14 Review the study record

15 Question and answer using chatting module

16 Review the participation status

17 Sign-out

included 5 abbreviated questions at Visit 1 and 16 full questions
at Visit 2. Items in the questionnaire were adapted from the
mHealth App Usability Questionnaire (26) and modified
to be suitable for METORY. The results were summarized
descriptively for each item. The clinical trial was approved by the
institutional review board of Seoul National University Hospital
and Jeonbuk National University Hospital and was conducted in
accordance with the Declaration of Helsinki.

RESULTS

Preliminary Survey Results
A total of 61 investigators and study personnel responded to
the survey. Among the responders, investigators who obtained
consent accounted for the largest number (25%), followed by
clinical research coordinators (15%) and investigators who did
not obtain consent (13%). Most of the participants agreed to the
importance of electronic consent (95%).

Regarding the contents of the electronic consent system,
approximately three-quarters (76%) of the responders agreed to
the importance of the video components in electronic consent.
The chapter view interface was preferred (82%) to continuous
content views (18%). Most of the multimedia components were
considered necessary in the electronic consent system except
for the knowledge review, wherein negative opinions (47.5%)
were greater than positive opinions (18.7%). The opinions on
the preferred response time to questions varied: immediately
(34%), <2 h (24%), 2–6 h (6%), 6–24 h (34%), others (2%). The
necessity of participant attestation (e.g., entering a statement such
as “I have no further questions”) was agreed upon in 70% of the
responders (Figure 3).

Study and Consent Management
Study and consent management functions were constructed
for investigators. The key functions were the creation and
modification of a clinical trial, the management of informed
consent forms and information provided to study subjects,
and registering the advertisement of subject recruitment. All
documents related to clinical trials needed to be approved by the
ethical committees and managed in an unmodifiable form (e.g.,
portable document format).

The principal investigator could grant specific authorizations
and functions for the investigators. For example, permissions
to provide consent were exclusively granted to the delegated
investigators with the physician’s license. Other investigators
were granted permission to browse the signed consent forms.
The status of the consent process was provided as a dashboard
to maximize convenience.

Informed consent forms and information provided to study
participants were managed by the version group of the
documents. A version group was set separately for each version
of the informed consent forms. The original consent form that
included the signature from the Institutional Review Board was
converted a portable document format file and uploaded. When
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FIGURE 3 | Summary of the preliminary survey on the functions of the platform.
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a study document was uploaded to a platform, the information
related to the file (e.g., version and upload date) with the
file itself was combined and converted into hash values. As a
slight modification in the document could result in considerable
changes in hash values, this system could provide the integrity
of the data provided to the study participants. The hash values
were recorded on the blocks in the blockchain platform. The hash
values were stacked in the blockchain platform. The hash values
and corresponding QR code were attached to the signed consent
form for verification purposes (Figure 4).

Authentication and Consent Process
A validated mobile-application-based certificate system broadly
used in Korea was utilized for the initial authentication process.
After the authentication process was completed, a unique code
for each study participant was created and used to identify the
study participant. The study participant could select the study
to participate in after browsing the advertisement of subject
recruitment provided by the investigators. A consent process
was initiated after the subject’s manifestation of readiness. The
investigator then started giving instructions on the study, and the
timewas recorded. The study participant could read the informed
consent form and related study information via the application.
In addition, the approved informed consent form could be
saved in the study participant’s local device. After the instruction
was completed, the study participant electronically signed an
informed consent form via the application. The investigator
could sign an informed consent form that the study participant
had signed. Each step of the consent process was recorded on the
blockchain platform. The study participant and the investigator
could also interact on the chatting system constructed on the
application during and after the consent process (Figure 5).

When an informed consent form was amended, investigators
could create a new version group of the study. The disclosed
study information was then substituted for the information in
the latest version group. When the new version group was
created, notifications of the new version were sent to the study
participants via the application. Each study participant received a
push alarm from the application and could access the amended
informed consent form. Investigators could also send a text
message to the study participants. Each informed consent form
was verified by the hash values recorded on the blockchain
platform. The study participants provided consent by signing
a new informed consent form. The investigators could check
the signed status of the version and then sign on the informed
consent form, which was transmitted to the blockchain platform
to ensure traceability.

Selection and Integration of Consent
Information Into Blockchain Platform
Hyperledger Fabric, an enterprise-grade private blockchain
framework (27), was finally selected. We gave the highest
importance on the access control, which was recommended in
following Good Clinical Practice (7). Access control functionality
could not be easily developed using public blockchain platform
(e.g., Bitcoin). Given that only trusted subjects and study
personnel could participate in clinical trials, the exclusivity of

private blockchain could be tolerated. Higher protocol efficiency
and rapid transaction approval were also the key elements that
were preferred to public blockchains (24). However, immutability
of data was inevitably compromised in private blockchains, thus
necessitating the use of off-chain storage of data in an external
database server (28).

The framework could grant authorization exclusively to
members who were enrolled through a trusted membership
service provider. This private structure could ensure secure
data processing among the participating centers of a clinical
trial. The framework allocated nodes to each center, where the
study information and user accounts were managed. This could
guarantee a decentralized network structure among centers.
Channels were used to construct functionalities related to study
management; for instance, clinical data storage and consent data
storage channels were constructed separately. The blockchain
platform was connected to the study management platform by
dApp. We used JSP and open JDK 8 for constructing blockchain
server on Ubuntu version 18.09 and Apache Tomcat 8. The
dApp was developed using software developer kit provided by
Hyperledger Fabric using Javascript on Ubuntu version 18.09 and
node.js version 10.13.0.

The consent data were appended to the blocks as follows.
First, the client (a user in the study management platform)
converted the consent information (e.g., signature) into a
transaction that was compatible with the Hyperledger Fabric
system using “chaincode,” a smart contract service provided by
theHyperledger Fabric framework. The transaction was validated
by an endorsing peer, and then the results were sent to the client.
The client then sent the validated transaction to orderer nodes
that distributed the transactions to each peer. Each peer would
verify and save the transaction (Figure 6).

Data security was based on a multi-level security approach.
Our system allowed insertion of the data only by the approved
users. Data created from the study management platform was
hashed via SHA-256 before calling chaincode. The chaincode
also restricted the form of data that could be transmitted to
the blockchain platform. Data transmission between peers was
encrypted via Transport Layer Security (TLS) protocol inside
the blockchain platform. As Hyperledger Fabric recommends
off-chain data storage in nature (28), file system-level security
measures were separately implemented. Database system was
constructed using Amazon Relational Database Service (RDS),
which provided third-party resource monitoring and snapshot
encrypted by Advanced Encryption Standard with a key size
of 256 bits (AES-256) (28, 29). In addition, accessible IPs were
restricted to authenticated users from the platform by setting
security groups.

User Acceptance Test Results
A total of eight volunteers participated in a core group
user acceptance test. The following 4 UAT scenarios were
evaluated in the test: study management by the investigators,
consent management by the investigators, subject management
by the clinical research coordinators, and consent process
by the study participants. The feedback was collected as
user acceptance test reports and reflected on the platform.
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FIGURE 4 | Web interface of the study and consent management: a dashboard for the study management (A), and the signed consent form where hash values were

attached (B).

FIGURE 5 | Mobile application interface of the consent process: participation in a study (A), access to the informed consent form (B), electronic signature (C), and

chat-ting module between the subject and the investigator (D).

The subsequent user acceptance test was conducted on
four professional clinical trial personnel in multiple centers.
In this test, each tester evaluated both user interfaces for
subjects and investigators. The center-level user acceptance test
results are summarized in Table 2 by the user interface and
functional aspect.

User Experience in the Multicenter Trial
A total of 60 subjects were enrolled in the clinical trial (30
subjects in each study center) and participated in the survey.
The gender distribution of the subjects was 23:37 (male: female).

The mean and standard deviation of the subjects’ age was 40.0
± 10.6 years, while the minimum and maximum were 20 and 67
years, respectively.

In terms of use and satisfaction section, ∼90% of the subjects
responded within the range of 5–7 (e.g., “The app was easy to
use.”). System information arrangement (e.g., “The navigation
was consistent when moving between screens.”) and usefulness
sections (e.g., “The app improved my access to health care
services.”) also showed the similar results. Negative responses
were reported to the following items: “I could use the app even
when the internet connection was poor or not available” (13.3%)
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FIGURE 6 | Integration of consent information into the blockchain platform: generation of a transaction (A) and appendage of the blocks (B).

TABLE 2 | Summary of the feedbacks from the professionals in the user acceptance test.

Tester User interface Functions

1 There was an error when signing in the application due to long

input space for personal information.

Buttons for functionalities (e.g., reservation for visit, Q&A) were not

easily found.

Setting dates and times for changing a reservation was not clear.

The modules should deal with multiple versions of informed

consent forms because the version of the form could change after

protocol amendment.

There should be a system to verify whether the subjects read the

informed consent form properly and an alarm system to notify

participants of changes.

2 Icons and texts might not be visible to the elderly.

The alarms for Q&A were not easily seen.

The interface of the system was focused on 1:N consent, not for

1:1 consent.

Patients could interact properly with investigators during the

verification and recruitment process.

There should be restrictions on signatures after the verification of

opening and downloading the informed consent form.

The term “role” in the application could be confusing.

3 The button for requesting instructions on the study should be

more visible.

Documents were opened in the current window, which could

cause the simultaneous shut-down of the application.

Backspace/close/open in a new window buttons should

be provided.

A review of the signed consent form should be provided.

A review of the previous signed consent form and the modification

of the form should be added to the application.

Additional consent forms (e.g., consent forms for human-derived

materials) should be provided.

4 Setting dates and times for changing a reservation was not clear.

Basic information for the functions should be provided.

Exit button should be provided.

A review of the signed consent form should be provided.

There should a delegation function in the application.

A review of the saved document on the blockchain should

be provided.

Viewing and printing the signed form should be provided.

and “This app has all the functions and capabilities I expect it to
have (10.0%)” (Table 3).

DISCUSSION

We developed a blockchain-based dynamic consent platform
tailored for clinical trials. The platform incorporated the private
blockchain framework to optimize functions in clinical trials.
Based on iterative user acceptance tests, the platform was
tuned specifically for clinical trials, including decentralized
settings. The user experience for the platform in the real-world
implementation was generally positive.

Data security and privacy issues have been of importance in
clinical trials using a digital system (30). Angeletti et al. (30)
listed three key principles for privacy as follows: (i) privacy of
patients and the confidentiality of health care data, (ii) integrity of
healthcare data, and (iii) availability of health data for authorized
persons. The second and third issue are closely related to
authentication and access control issues.

We constructed both identity and role-based access control
combining mobile-application-based certificate system and
private blockchain framework. The structure was aimed to serve
initial identification of participants and restriction of data flow
within a clinical trial. We assumed relatively small number of
study centers at this stage and preferred private blockchains to
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TABLE 3 | Summary of the user experience in the multicenter clinical trial.

Item Frequency

1

Strongly

disagree

2

Somewhat

disagree

3

Disagree

4

Neutral

5

Agree

6

Somewhat

agree

7

Strongly

agree

Missing

Abbreviated questionnaire at Visit 1

The app was easy to use

1 (1.7) 4 (6.7) 6 (10.0) 49 (81.7)

It was easy for me to learn to use the app 1 (1.7) 2 (3.3) 7 (11.7) 50 (83.3)

The navigation was consistent when moving

between screens

1 (1.7) 1 (1.7) 2 (3.3) 10 (16.7) 46 (76.7)

The interface of the app allowed me to use all

the functions offered by the app

2 (3.3) 3 (5.0) 4 (6.7) 13 (21.7) 38 (63.3)

Whenever I made a mistake using the app, I

could recover easily and quickly

1 (1.7) 1 (1.7) 3 (5.0) 6 (10.0) 12 (20.0) 37 (61.7)

Full questionnaire at Visit 2

The app was easy to use

1 (1.7) 1 (1.7) 9 (15.0) 49 (81.7)

It was easy for me to learn to use the app 1 (1.7) 2 (3.3) 8 (13.3) 49 (81.7)

The navigation was consistent when moving

between screens

2 (3.3) 1 (1.7) 9 (15.0) 48 (80.0)

The interface of the app allowed me to use all

the functions offered by the app.

1 (1.7) 3 (5.0) 3 (5.0) 15 (25.0) 38 (63.3)

Whenever I made a mistake using the app, I

could recover easily and quickly

1 (1.7) 4 (6.7) 5 (8.3) 9 (15.0) 41 (68.3)

I like the interface of the app 1 (1.7) 1 (1.7) 4 (6.7) 9 (15.0) 9 (15.0) 36 (60.0)

The information in the app was well organized,

so I could easily find the information I needed

1 (1.7) 8 (13.3) 14 (23.3) 37 (61.7)

The app adequately acknowledged and

provided information to let me know the

progress of my action

1 (1.7) 3 (5.0) 4 (6.7) 17 (28.3) 35 (58.3)

I feel comfortable using this app in social

settings

4 (6.7) 7 (11.7) 9 (15.0) 40 (66.7)

The amount of time involved in using this app

has been fitting for me

1 (1.7) 2 (3.3) 8 (13.3) 49 (81.7)

I would use this app again 6 (10.0) 3 (5.0) 11 (18.3) 40 (66.7)

Overall, I am satisfied with this app 5 (8.3) 3 (5.0) 12 (20.0) 40 (66.7)

The app improved my access to health care

services

2 (3.3) 10 (16.7) 9 (15.0) 39 (65.0)

The app helped me manage my health

effectively

4 (6.7) 8 (13.3) 13 (21.7) 34 (56.7) 1 (1.7)

This app has all the functions and capabilities I

expect it to have

6 (10.0) 4 (6.7) 6 (10.0) 15 (25.0) 28 (46.7) 1 (1.7)

I could use the app even when the internet

connection was poor or not available

4 (6.7) 2 (3.3) 2 (3.3) 5 (8.3) 7 (11.7) 13 (21.7) 26 (43.3) 1 (1.7)

consortium ones. Thus, we chose Hyperledger Fabric among
private blockchains in that it could easily allow only permissioned
users to join after separate identification process. In addition,
Hyperledger Fabric has been widely applied for decentralized
access control with similar purpose, especially for untrustworthy
Internet of Things (IoT) environments (31–33).

Although Hyperldger Fabric has been widely applied for
healthcare applications (28, 34), innate architecture-level
concerns in the framework should also be considered (35).
The security concerns of Hyperledger Fabric are classified
into consensus, chaincode, network, and privacy preserving

mechanism aspects (35). We paid special attention to
the network aspect; Hyperledger Fabric adopts centralized
membership service provider which manages registration. When
the membership service provider were to be compromised,
access control in the whole system would be disrupted
(35). This issue is also applied in our platform and needs
further investigation.

Another important concern lies in the external access of data
through Hyperledger Fabric (36). Hyperledger Fabric supports
only text-based data and connection to external database
system is frequently recommended (28). In this situation,
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access to the external files must be consistent among peers in
independent environments (36). A recent research found that
external database supported in Hyperledger Fabric (e.g., LevelDB
and CouchDB) could cause significant overhead, leading to
transaction failure (37). As our system also incorporated
external database system, the issue also should be solved in
further development.

In addition, real-world application of eConsent also required
sophisticated consensus. We found that most study personnel
agreed to the necessity of eConsent (even prior to the
coronavirus-19 pandemic) in our preliminary survey. However,
despite the increasing need for eConsent, the format and actual
effectiveness of eConsent is still under debate (38, 39). Our survey
could give several clues to implementing eConsent in clinical
settings, especially for which elements to be incorporated in the
eConsent system.

Conveying proper understanding and ensuring security to
the study participants are both crucial elements in eConsent.
The results of the clinical trial revealed that informed consent
that subjects gave did not always mean accurate understanding
of the contents (25). The results were contradictory to
the subjective feeling of understanding (“The app adequately
acknowledged and provided information to let me know the
progress of my action.”) in the questionnaires. The findings
were aligned with the results of a previous randomized clinical
trial with 734 patients, where eConsent with trust-enhanced
components gave significantly greater satisfaction to patients
than standard eConsent (40). Thus, eConsent needs to be
implemented in a personalized manner and should balance
the amount of information given to not overwhelm study
participants (41).

There are several limitations to our studies. The platform
we developed did not fully incorporate elements regarded as
important in eConsent, such as callout box hyperlinks, due to
technical difficulties. In addition, we evaluated the platform only
in limited populations. Further investigations in various clinical
trials are required. In-depth investigations for data security
and privacy need to be performed in the further researches.
Nonetheless, we successfully incorporated blockchain into a

dynamic consent platform. The user experience in the actual
clinical trial was also promising.

In conclusion, we developed a private blockchain-based
dynamic consent platform tailored for clinical trials. The
platform successfully functioned in an actual multicenter clinical
trial with satisfactory user experiences.
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Purpose: Prescription refills are long-term prescriptions for chronic patients in stable
status, which varies from country to country. A well-established prescription refill
system is beneficial for chronic patients’ medication management and facilitates the
efficacy of clinical care. Therefore, we carried out a bibliometric analysis to examine the
development of this field.

Summary: Publications on prescription refills from 1970 to 2021 were collected in the
Web of Science Core Collection (WoSCC). Search strategy TS = “prescri∗ refill∗” OR
“medi∗ refill∗” OR “repeat prescri∗” OR “repeat dispens∗” OR TI = refill∗ was used for
search. VOSviewer was applied to visualize the bibliometric analysis. A total of 319
publications were found in WoSCC. Study attention on prescription refills has shown a
steady rise but is still low in recent years. The United States was the most productive
country, which had the highest total citations, average citations per publication, and
the highest H-index, and participated in international collaboration most frequently. The
University of California system was the most productive institution. The U.S. Department
of Veterans Affairs was the institution with the most citations, most average citation,
and highest H-index. Sundell was the most productive author, and Steiner J. F. was
the most influential author. “Adherence,” “medication,” and “therapy” were the most
prominent keywords.

Conclusion: Publications on prescription refills have increased rapidly and continue to
grow. The United States had the leading position in the area. It is recommended to
pay closer attention to the latest hotspots, such as “Opioids,” “Surgery,” “Differentiated
care,” and “HIV.”

Keywords: prescription refills, research trend, VOSviewer, web of science core collection, bibliometric analysis

INTRODUCTION

A prescription refill is a long-term prescription for chronic patients in stable status. In the
United States and Europe, prescription refill policy has been a general tool in the national health
insurance system with specific laws and policies (1). Prescription refill in the United States is
prescribed by physicians and reviewed by pharmacists. Hospitals and pharmacies in different states
have different prescription refill categories responding to the Code of Federal Regulations (CFR)
(2). In the United Kingdom, prescription refill, also called repeat prescription, is prescribed by

Frontiers in Medicine | www.frontiersin.org 1 June 2022 | Volume 9 | Article 856420256

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2022.856420
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fmed.2022.856420
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2022.856420&domain=pdf&date_stamp=2022-06-21
https://www.frontiersin.org/articles/10.3389/fmed.2022.856420/full
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/medicine#articles


fmed-09-856420 June 21, 2022 Time: 8:16 # 2

Fu et al. Prescription Refills: A Bibliometric Analysis

general physicians and reviewed by pharmacists. However, the
latter with recognized qualifications can become an independent
prescriber. Unlike in the United States, the United Kingdom
does not have definite prescription categories and only defines
some drugs which cannot be prescribed with prescription refills.
It created repeat prescribing risk assessment tools used for
evaluating patients’ conditions and guaranteeing medication
safety (3). Moreover, some countries like Australia and Singapore
also have well-established prescription refill services (4, 5).

However prescription refills in some developing countries
were still in the exploration phase, and the system of prescription
refills has not been established yet, for example, in China.
Since 2015, some regions in China have begun to provide the
prescription refill service, but different regions have different
regulations on expiration dates, types of disease, and drugs
in the prescription refill system (1). On 10 August 2021,
China promulgated the Long-Term Prescription Management
Specification (Trial) to define the applicable population of
prescription refills, the prescriber, the prescription refill process,
etc. It standardizes the prescription refill system (6). However,
compared with European countries and the United States, it
is still faced with challenges. The prescription refills are only
prescribed by general practitioners. Furthermore, the scope of
drugs and diseases needs to be extended.

Bibliometrics, proposed by Prichard, is employed to review
the literature and predict the development of scientific research,
by applying literature systems and literature metrology
characteristics as research objects, and using statistical
methods to study quantity relationships and laws between
literature and literature systems (7). It can present the
trend of an area and the most influential research results
rapidly and accurately, establishing a theoretical basis for
further study.

Based on a bibliometric analysis conducted on the Web of
Science Core Collection (WoSCC), the study analyzed various
literature on prescription refills published between 1970 and 2021
using the VOSviewer from the perspective of co-occurrence and
clustering. We aimed at providing the research status, trend,
and forefront in the study of prescription refills to provide the
reference for the researchers’ follow-up research.

METHODS

Data Source and Retrieval Strategy
We performed a bibliometric analysis in WoSCC, a database
strictly evaluating publications and updating them adequately to
provide the most influential and reliable information (8, 9).

The retrieval strategy was as follows: TS = “prescri∗ refill∗”
OR “medi∗ refill∗” OR “repeat prescri∗” OR “repeat dispens∗” OR
TI = refill∗.

Screening Criteria
The screening flowchart is shown in Figure 1. It was found that
several manuscripts were published before 1970 in pre-search.
Considering problems in report forms and a lack of information,
the search starting time was set as 1970.

FIGURE 1 | Flowchart of included and excluded publications. Other types of
documents included meeting abstracts, proceedings papers, letters, review
articles, editorial materials, notes, new items, corrections, early access, book
reviews, and book chapters.

The articles were retrieved and screened by two researchers,
and the criteria for screening and inclusion were: (1) language
was “English,” (2) publication type was “article,” (3) data source
was WoSCC (SCI-E, SSCI), (4) published from 1 January
1970 to 31 December 2021, (5) the topic was prescription
refills. Additionally, references of all included studies were
searched.

To make sure the topic of the included literature was
prescription refills, two researchers, based on back-to-back
methods, read abstracts of the retrieved articles and excluded 520
manuscripts that were unrelated to medicine, such as materials
science (101), engineering (101), metallurgy (52), chemistry (46),
physics (41), environmental sciences (30), and plant sciences
(27). The two researchers read the full text of articles in the field
of medicine and excluded about 230 articles whose objects or aim
of research were not prescription refills.

In the end, 319 manuscripts were included, and the detailed
information of the manuscripts included was presented in
Supplementary Material 1.

Data Preparation and Information
The final literature was exported for analysis. Indicators for
analysis included the number of publications, average citations
per publication, countries, institutions, journals, keywords,
authors, and the H-index (h papers published in the journal
have been cited at least h times), among which the number of
publications, average citations per publication, and the H-index
were obtained from the Citation Report in the Web of Science.
Bradford’s law was used to identify and analyze core journals.
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In Bradford’s law, if journals were ranked in decreasing order of
a number of publications in a specific discipline, then journals
were classified into “core journals,” “related journals,” and “non-
related journals” groups, respectively, with the same amount
of publications and each group has the number of journals as
1:n:n2 (10).

Statistical Analysis
Microsoft Excel 2016 were used to analyze and draw the
number of publications, the average number of citations per
publication, and the H-index. Meanwhile, Microsoft PowerPoint
2016 was applied to draw the flowchart of literature screening.
Literature was imported to the VOSviewer (version 1.6.16,
Leiden University Center for Science and Technology Studies,
Leiden, Netherlands) to draw co-occurrence maps of countries,
authors, and keywords.

The statistical package SPSS (IBM SPSS 21.0, SPSS
Inc., Chicago, IL, United States) was used to analyze
the trend of publications using a logistic growth model
f (x) = a/[1 + b × exp(−c × x)] (11), which has better fitting
accuracy for literature in a specific field (12). The time
trend was described by year. A logistic regression model
f (x) = a/[1 + b × exp(−c × x)] was used to fit the cumulative
number of publications, with the point of maximum growth
being the inflection point of the curve T = ln(b/c) (11), and x
representing a specific year and f (x) representing the cumulative
number of publications for this year.

RESULTS

Publications
This study included 319 publications published from 1970
to 2021 in WoSCC. Trends in the number of publications
are shown in Figure 2A. The annual cumulative number
of publications trend (Figure 2B) roughly fits the logistic
model {f (x) = 934.268/[1 + 554.375exp (−0.107x)]
(R2 = 0.981)}. It can be predicted from the model that the
growth rate of publications might be the highest in 2028
[T = ln(b/c) = ln55(4.375/0.107) = 59.04] and gradually decline
after 2028 with a continual increase in the cumulative number
of publications.

By 31 December 2021, the publications included had been
cited 7,349 times, with an average of 23.41. The annual citation
number of the publications has stayed at a high level (more than
300 times) for a decade and continued to rise (Figure 2C). The
H-index of publications included was 170, with the two highest
H-index in 2010 and 2011 (Figure 2D).

Countries
A total of 47 countries or regions published articles related to
prescription refills. The United States was the most productive
country with 172 publications, followed by the United Kingdom
(41 publications), Sweden (20 publications), Canada (18
publications), the Netherlands (16 publications), Australia
(14 publications), South Africa (10 publications), China
(9 publications), Ireland (6 publications), and Switzerland

(6 publications) (Figure 3B). The United States (33), the
United Kingdom (18), Sweden (11), and the Netherlands (11)
ranked as the top three high H-index countries, while the
United States was top 1 (Figure 3A). The top three countries
in the total number of citations were the United States (5,191
citations and 5,067 without self-citations), the United Kingdom
(923 citations and 882 without self-citations), and Sweden
(432 citations and 406 without self-citations), whereas the
United States (30.18 citations), the Netherlands (23.81
citations), and the United Kingdom (22.84 citations) were
the top three countries in average citations per publication
(Figure 3A). The United States participated in international
collaboration most frequently, followed by the United Kingdom
and Sweden (Figure 4).

Institutions, Authors, and Journals
The University of California system was the most productive
institution with 20 publications, followed by the U.S. Department
of Veterans Affairs (19 publications), Harvard University (13
publications), and others (Figure 5). The U.S. Department of
Veterans Affairs was the institution with the most citations
(1,499 citations) and Kaiser Permanente was the most average
citations per publication (77.83 citations) (Figure 5). The top
three institutions in the H-index were the U.S. Department of
Veterans Affairs, the University of California system, and Kaiser
Permanente (Figure 5).

The top three productive authors are shown in Table 1.
We only listed the top three authors, because there were many
authors tied for the fourth place with four publications. Sundell
(nine publications) was the most productive author. Steiner
published the most influential article with 939 citations, with
only one publication about prescription refills. A co-authorship
map was generated as shown in Figure 6, which included authors
publishing more than three articles. The intensive clusters in the
map indicated that cooperation between authors was close and
they formed many research teams.

The 319 articles were published in 148 journals. Based on
Bradford’s law, nine journals were defined as “core journals” in
the area (Table 2). The most productive journal was the Journal
of the American Pharmacists Association (14 publications). The
British Medical Journal ranked top 1 in total citations and average
citations per publication, respectively.

Highly Cited Articles
The top five cited articles are shown in Table 3: The
assessment of refill compliance using pharmacy records: methods,
validity, and applications; measurement of adherence in pharmacy
administrative databases: a proposal for standard definitions
and preferred measures; factors associated with medication refill
adherence in cardiovascular-related diseases: a focus on health
literacy; adherence in glaucoma: objective measurements of once-
daily and adjunctive medication use; medications scale (ARMS)
among low-literacy patients with chronic disease.

Keywords
Keywords can be analyzed to find research hotspots and core
content. Keywords such as “medication” were combined or
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FIGURE 2 | Global number of publications, number of citations, and H-Index of publications in the field of prescription refills from 1970 to 2021. (A) Annual number
of publications and their percentage; (B) Number and percentage of the annual cumulative number of publications; (C) Annual citation number of the publications;
(D) Annual H-Index of the publications.

unified to obtain a better perspective. For example, “medication
adherence,” “persistence,” “compliance,” and “patient adherence”
were unified as “adherence.” VOSviewer was used to visualize the
frequency of keywords. A total of 78 keywords whose frequency
was at least five times were analyzed.

“Adherence,” “medication,” and “therapy” were the most
prominent keywords (Figure 7), indicating almost all studies
revolved around these three keywords. Keywords included can
be classified into six clusters as follows: (1) primary healthcare
systems on prescription refills, (2) study on the compliance of
patients with chronic disease, (3) prescription refills of patients
with asthma, (4) prescription refills of patients with AIDS,
(5) prescription refills of patients with hypertention, and (6)
prescription refills of patients with diabetes. As the keywords
of some clustering nodes in Figure 7 were not completely
displayed, we listed the important keywords in items generated
by VOSviewer, as shown in Table 4. Time-based visualization
of keyword variation was presented by VOSviewer according to
the development of keywords over time (Figure 8). Keywords in
purple appeared earliest and keywords in yellow appeared latest.
The keywords “Opioids,” “Surgery,” “Differentiated care,” “HIV,”
“Barriers,” and “Africa” are represented by their most recent
appearance. We can know the research edge of prescription refills
through the updated keywords as well.

DISCUSSION

Based on the bibliometrics and the visualization software, we
aimed to explore the research trends and hotspots in the field
of prescription refills from 1970 to 2021. The total number of
publications from 1970 to 1994 was 25, and the average annual
number of publications was 1, indicating very low attention
on prescription refills in the 25 years. As this period was the
beginning of literature research, growth of the literature was slow.
From 1995 to 2009, the total number of publications was 59,
and the average annual number of publications was 3.9 with a
slow upward trend. After 2010, publications began to significantly
increase and exceeded 20 publications in 2016. It can be seen that
study attention on prescription refills has shown a steady rise. The
number of publications showed a growth trend, and 2028 might
be the year with the highest publication growth rate. This research
field may remain a hotspot in the next few years. According to the
analysis of the H-index, we found that the highest H-index was
14 in 2010, and the number of publications in that year was 17,
indicating that the publications of this year were of great value to
the field of prescription refills and deserved more attention. The
highest number of citations in 2021 demonstrated an increasing
emphasis on prescription refills. The H-index had decreased as
the data in the last 5 years were close to the data collection time
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FIGURE 3 | Top 10 productive countries from 1970 to 2021. (A) Total number of publications, citations, citations without self-citations, average citations per
publication, and H-index. (B) Number of cumulative publications in various countries.

(31 December 2021). However, the publications in recent years
would have more citations.

The publications not only presented a dynamic time trend
varying with the years but also showed varieties among different
countries. The United States, the United Kingdom, and Sweden
ranked as the top three productive countries, accounting for
73.04% of the total publications. The United States showed
its dominant position in this research field with excellent
performance in publication outputs, H-index, total citations,
and average citations per publication. As a country with most
international cooperation, the United States has cooperation
projects with African countries, especially in HIV research. It

conducted a study with Botswana on the impact of pharmacy
supplement data on the outcome of virology treatment for HIV-
infected adolescents in Botswana (13). The United States also had
joint projects related to AIDS research with Kenya and Zimbabwe
(14, 15).

The prescription refill system is closely related to the
development of hospital pharmacy. Clinical pharmacy originated
in the United States in the 1960s and was introduced in
the United Kingdom in the early 1970s (16), which was
a breakthrough in the development of hospital pharmacy.
Since then, pharmacists have had the capacity for prescribing,
medication management, patient education, etc. These countries
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FIGURE 4 | International collaboration between countries. The countries were labeled using different colors and the links represented international collaborations.

FIGURE 5 | Number of publications, total citation number, total citation number without self-citations, average citations per publication, and H-Index of the Top 10
reproductive institutions.
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TABLE 1 | Publication number, total citation number, total citations without
self-citations, average citations per publication, and H-Index of the top three
reproductive authors.

Authors Records Total
citations

Total citations
without

self-citations

Average citations
per publication

H-index

Sundell 9 89 76 9.89 7

Nilsson 6 224 215 37.33 6

Sclar 5 239 239 47.8 5

with developed hospital pharmacies have a well-established
prescription refill system. However, hospital pharmacy in China
and South Africa started in the 1980s and their development
was limited by the level of the medical system, leading to the
undeveloped prescription refill system. (17, 18). In addition, due
to the limitations of the included article language, few studies
from Japan and other countries were included. In fact, Japan has
a mature repeat prescription system.

Europe, the United States, and other countries have
established a mature prescription refill system, which has
become a basic tool of the national health insurance system, with
specific laws and regulations to improve the implementation
of policies. In the United States, prescription refills were
prescribed by doctors for patients with chronic diseases in stable
status and in need of long-term drug treatment. Pharmacists
reviewed prescription refills, recorded, and followed up on
patients’ medication. Hospitals and pharmacies throughout

the country have prescribed categories of drugs for long-term
use. Prescription refills were valid for 12 months. In addition,
the details of refill management were mandated in Section 22
of Part 1306 of the Code of Federal Regulations (2). In the
United Kingdom, prescription refills are prescribed by general
practitioners and reviewed by pharmacists, but pharmacists
also can be upgraded to independent prescribers after training
and examination. There were no clear lists of prescriptions,
and only some drugs that could not be used for long-term
prescriptions were stipulated. The prescription duration was at
most 12 months. In addition, the United Kingdom also had a
risk assessment tool to assess the patient’s condition and ensure
the safe use of drugs (3).

However, in some developing countries, prescription refills
are still in the exploration stage without a complete prescription
refill system. For example, China has carried out a pilot
policy in several cities since 2015, but it was confronted with
the following issues: prescription refills were only prescribed
by general practitioners; few diseases and medicines were
included; durations of prescriptions were short; and there was
no corresponding legislation (1). It needs further exploration.
Therefore, the mature systems of European countries and the
United States are good references. China has just issued the
trial version of the policies, but only general practitioners issued
it. It can refer to the developed systems to strengthen the
training and construction of pharmacists, increase the role of
pharmacists in the service of prescription refills, reduce the
burden of doctors, and promote cooperation between doctors
and pharmacists.

FIGURE 6 | Co-authorship among authors. Dots represented authors, larger dot indicated a higher number of publications, the clusters were labeled using different
colors, and the links represented author collaborations.
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TABLE 2 | Categories, publication number, total citations, total citations without self-citations, average citations per publication, and H-Index of the top nine
reproductive journals.

Journals Categories Records Total
citations

Total citations without
self-citations

Average citations per
publication

H-Index

Journal of the American
Pharmacists Association

Pharmacology and pharmacy 14 130 125 9.29 6

Pharmacoepidemiology and Drug
Safety.

Public, environmental and occupational
health pharmacology and pharmacy

12 303 298 25.25 8

British Medical Journal Medicine, general and internal 9 312 310 34.67 6

British Journal of General Practice Primary health care medicine general
and internal

9 199 194 22.11 5

Journal of Managed Care and
Specialty Pharmacy

Pharmacology and pharmacy health
care sciences and services

7 38 38 5.43 3

Journal of the International AIDS
Society

Infectious diseases immunology 8 117 115 14.63 5

Patient Preference and Adherence Medicine, general and internal 7 87 86 12.43 5

Journal of Clinical Pharmacy and
Therapeutics

Pharmacology and pharmacy 6 207 207 34.83 6

Plos One Multidisciplinary sciences 6 75 75 12.5 3

TABLE 3 | The top 5 most cited publications of prescription refill.

Title Author (lead author) Journal Citation Average citation

The assessment of refill compliance using pharmacy
records: Methods, validity, and applications

Steiner Journal of Clinical Epidemiology 939 36.12

Measurement of adherence in pharmacy administrative
databases: A proposal for standard definitions and
preferred measures

Hess and Lisa Annals of Pharmacotherapy 522 30.71

Factors associated with medication refill adherence in
cardiovascular-related diseases: A focus on health literacy

Gazmarariana and Julie Journal of General Internal Medicine 249 14.65

Adherence in glaucoma: Objective measurements of
once-daily and adjunctive medication use

Robin and Alan American Journal of Ophthalmology 236 14.75

Development and Evaluation of the Adherence to Refills
and Medications Scale (ARMS) among Low-Literacy
Patients with Chronic Disease

Kripalani and Sunil Value in Health 176 12.57

Among the top 10 academic institutions, except the University
of Gothenburg, the other nine institutions were all located in
the United States, indicating that the U.S. academic institutions
had high productivity in this field. The most productive
institution was the University of California, which focused on
HIV antiretroviral therapy adherence (19, 20). Besides, the
research team also centered on drug replenishment systems,
such as automatic dispensing system. They found the wholesaler-
to-ADC direct refill program, which included prepackage and
bar-code-assisted supplements, decreased ADC refill errors
(21). Research on online drug supplementation systems was
also the focus of the institution research (22, 24). As the
second most productive institution, the U.S. Department of
Veterans Affairs, has well-established mail-order pharmacy
systems and has done more research on services such as
pharmacy intervention (23, 25, 26). It was worth knowing that
Caesars Healthcare was a commercial operating organization
whose research focuses on text messages, phone reminders for
medication replenishment, and online drug supplements (24,
27, 28).

Sundell, Jonsson, Lesen, and Mardby have formed a group
of authors with close cooperation, and they have been leaders

in the research field. Their collaborative research focused on
the comparison of different drug supplementation methods
and the effects of drug substitution on the effectiveness
of prescription refills (29–31). Meanwhile, according to
the number of publications, citations, H-index, and other
indicators, the Journal of the American Pharmacists Association,
Pharmacoepidemiology and Drug Safety, British Medical
Journal, and other journals were recognized as popular journals
in the field of prescription refills. Most articles on prescription
refill were published in Pharmacology and Pharmacy, Medicine
General Internal, Public Environment Occupational Health,
Health Care Sciences Services, and Primary Health Care.

In influential institutions, researchers in the field can seek
cooperation and enhance research exchanges. In addition,
researchers can explore novel ideas by focusing on the
research directions of influential authors. Influential journals in
prescription refills can draw researchers from many countries to
know the trends in this field and communicate with each other
on these platforms.

The assessment of refill compliance using pharmacy records:
Methods, validity, and applications, which is the most cited
article, was written by Steiner. It was a review of the pharmacy
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FIGURE 7 | Network visualization of the keywords.

record database, whose results showed significant associations
between refill compliance and other adherence measures, as
well as measures of drug presence (e.g., serum level of drugs)
or physiological drug effects (32). The second most cited
article, Measurement of adherence in pharmacy administrative
databases: A proposal for standard definitions and preferred
measures, compared five compliance evaluation methods, and
suggested that Medication Refill Adherence was the preferred
method of adherence using administrative data (33). The
research, whose title was Factors associated with medication refill
adherence in cardiovascular-related diseases: A focus on health
literacy, showed that race/ethnicity, education, and program
complexity were all associated with medication supplement
compliance (34).

Keywords can help researchers understand the frontier trends
and grasp the research direction. Analysis of the collinear
relationship among keywords can classify the keywords into the
following six major clusters: (1) primary healthcare systems on
prescription refills, (2) studies on the compliance of patients
with chronic disease, (3) patients with hypertention with asthma,
(4) prescription refills of patients with AIDS, (5) prescription
refills of patients with hypertension; (6) prescription refills of
patients with diabetes. These six clusters will be the main focus
of prescription refills in the future. Asthma, AIDS, hypertension,
and diabetes were the top four types of diseases in prescription

TABLE 4 | Keywords clusters in the field of prescription refill.

Items Keywords

1. General practice; health-care; prescriptions; primary care; risk-factors;
and united-states

2. Adherence; chronic disease; community pharmacy; drug-therapy; and
patient compliance

3. Asthma; discontinuation; management; non-adherence; and refill
adherence

4. Africa; differentiated care; HIV; prevention; and therapy

5. Blood-pressure; hypertension; interventions; mortality; and pharmacy
records

6. Care; diabetes; disparities; glycemic control; and records

refill research. Studies have shown that interventions such as
pharmacist-led interventions, regular follow-up, text message
alerts, and scheduled drug programs at community pharmacies
contributed to increased drug supplementation rates for these
four diseases (35–39). In addition, by reading the relevant
literature, it was found that the pharmacy record database
was a good reflection of the supply and demand of drugs, as
well as the prescription refills for patients. The database of
pharmacy records allows pharmacists to determine the pattern
of drug distribution and the durability of treatment over
time (40).
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FIGURE 8 | Time-based visualization of keywords variation.

The research methods included in the study can be
roughly divided into three categories: first, the analysis of
patients’ adherence to the advantage side through the pharmacy
record database (40, 41); second, questionnaires, interviews,
patients’ self-reports, and other survey methods were used
to analysis (42, 43); third, analysis was performed based
on the patient’s treatment compliance data (40–44). A study
about differentiated service delivery for HIV treatment in
South Africa found that antiretroviral treatment adherence
clubs facilitated medication adherence to reinforce counseling
and track patients who did not come for a follow-up.
However, both actions were faced with challenges (45).
A cross-sectional study in Northern California that examined
the relationship between medication adherence and doctor-
patient communication among 9,377 patients with diabetes
using self-reports, indicated poor communication ratings were
independently associated with objectively measured inadequate
cardiometabolic medication refill adherence, particularly for oral
hypoglycemic medications (46). In addition, Duru et al. found
that patients who received medication refills by mail were more
likely to have good adherence than patients who obtained refills
at offline pharmacies in antiglycemic, antihypertensive, or lipid-
lowering medications (23). Based on data from the Centers
for Medicare and Medicaid Services, Vaidya et al. discovered
that adherence of patients with asthma may be related to
race/ethnicity, combined diseases, and the type of Medicaid
program (47).

At the same time, we analyzed the frontiers and hotspots
of prescription refills. Results showed that the keywords

“Opioids,” “Surgery,” “Differentiated care,” “HIV,” and “Barriers,”
“Africa” have emerged in the last 5 years. It can be seen
that the differentiated care of AIDS and the application of
postoperative opioids have become a hotspot in the field
of prescription refills. The study by Solouki et al. discussed
the application of opioids in postoperative analgesia (48).
The study by Lee et al. discussed the impact of education
and prescribing guidelines on reducing postoperative use
of opioids (49). AIDS research may have certain regional
characteristics. According to the incidence rate, we can
know that it was a significant study in African countries,
researchers need to actively explore relevant antiretroviral
therapy and its influencing factors in the future. The
postoperative application of opioids will be a popular research
topic as well, and researchers can pay more attention to
the standardized application of opioids and other issues.
Certainly, this just broadly indicates the general condition of the
developmental process and hotspots at present due to a single
source of literature, as prescription refills vary widely among
countries and regions.

Compared with the traditional method of reading numerous
studies and summarizing it to obtain the research status
of prescription refills, our bibliometric analysis can provide
researchers with an intuitive and quick way to obtain information
in this field. Researchers can obtain the required information
purposefully according to the contents displayed in the article,
which improves the efficiency of the scientific research.

Our research also had some limitations. First, these
publications were only derived from the SCI-E and SSCI of the
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WoSCC database, which might cause relatively scarce
retrievals, although the WoSCC database strictly evaluates
the literature and is most frequently used for literature
metrology analysis (9). Second, we only analyzed the English
literature, but retrievals were supplemented by references
cited in publications included. Third, although the initial
search for literature was reviewed and screened by two
researchers, it cannot be ruled out that there was a certain
bias in the selection of the literature. We have formulated
a series of strict screening principles, therefore, many
documents that did not meet the requirements were excluded.
Fourth, by using the method of bibliometrics, this study
macroscopically analyzed the influence of countries, institutions,
journals, authors, and keywords on prescription refills, and
revealed the future research trends and hotspots in this
field to a certain extent. However, the impact of relevant
policies, healthcare systems, and government agencies on
the development of prescription refill systems needs to be
investigated further.

CONCLUSION

Recently, the number of publications on prescription
refills has been increasing rapidly and continues to grow.
The United States has the leading position in the area.
It is recommended to pay closer attention to the latest
hotspots, such as “Opioids,” “Surgery,” “Differentiated
care,” and “HIV.” These results provide researchers

with a visual and quick way to get information about
prescription refills.
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