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Medicine regulators need to judge whether a drug’s favorable effects outweigh
its unfavorable effects based on a dossier submitted by an applicant, such as a
pharmaceutical company. Because scientific knowledge is inherently uncertain,
regulators also need to judge the credibility of these effects by identifying and
evaluating uncertainties. We performed an ethnographic study of assessment
procedures at the Dutch Medicines Evaluation Board (MEB) and describe how
regulators evaluate the credibility of an applicant’s claims about the benefits and
risks of a drug in practice. Our analysis shows that regulators use an investigative
approach, which illustrates the effort required to identify uncertainties.
Moreover, we show that regulators’ expectations about the presentation, the
design, and the results of studies can shape how they perceive a medicine’s
dossier. We highlight the importance of regulatory experience and expertise in
the identification and evaluation of uncertainties. In light of our observations,
we provide two recommendations to reduce avoidable uncertainty: less reliance
on evidence generated by the applicant; and better communication about, and
enforcement of, regulatory frameworks toward drug developers.

KEYWORDS

uncertainty, benefit—risk, regulatory decision making, credibility, regulatory
authorities

1 Introduction

In most countries, medicinal products, in the EU defined as “any substance or combination
of substances presented for treating or preventing disease in human beings” [Directive
2001/83/EC Art 1 (2)] (1) can only be marketed after evaluation by a regulatory authority, such
as the European Medicines Agency (EMA) or a national competent authority (NCA). These
authorities assess multiple aspects of a drug, including preclinical data from animal studies;
manufacturing quality; pharmacokinetic and pharmacodynamic data; and efficacy and safety.
In this regard, regulators perform a benefit-risk assessment to determine whether a drug can
be granted marketing authorization, that is, whether the benefits outweigh the risks. The
present article focuses on the assessment of efficacy and safety.
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Regulatory authorities assess the benefits and risks of a drug
based on a dossier submitted by the applicant who has conducted
studies to support their claims about the effects of a drug. However,
the evidence presented in a drug’s dossier necessarily comes with
uncertainty (2), since uncertainties and scientific knowledge are
inextricably linked to each other (3). Broadly speaking, uncertainty
refers to what is unknown or unknowable, although many different
definitions are used (4, 5). Regulators can face countless
uncertainties, for instance due to unavailable, inaccurate or
conflicting information or due to random variation. They may also
face uncertainty about how a decision will play out in the future (4).
Uncertainty poses a difficulty for medicine regulators who need to
evaluate a drug’s benefit-risk balance. Regulators not only need to
judge whether the favorable effects of a drug outweigh its
unfavorable effects, they also need to judge the credibility of these
claimed effects (2). This means that regulators need to identify
uncertainties, assess their importance, and potentially propose
mitigation strategies.

Both the evaluation of the balance of favorable and unfavorable
effects and the evaluation of the credibility of these effects rely on
judgment. It is therefore not surprising that different regulatory
authorities do not always reach the same conclusions when reviewing
the same drug, although they have a high concordance rate (6, 7).
Different authorities may value aspects of the drug (e.g., its reported
effects) and the drug’s context (e.g., unmet need) differently. Although
many factors can affect a regulator’s decision making [e.g., see (7-9)],
little is known about how regulators assess a drug’s evidence and
uncertainties in practice.

1.1 Aim

This article therefore aims to answer the question: how do
regulators assess the credibility of an applicant’s claims about the
benefits and risks of a drug, and how do they identify uncertainties
that may invalidate these claims? To answer these questions, we use
material from an ethnographic study of assessment procedures
we conducted at the Dutch national competent authority: the
Medicines Evaluation Board (MEB). Based on our qualitative study of
regulatory decision-making, we describe what makes a claimed effect
credible to regulators; and in contrast, what makes regulators inclined
to question a claim. We describe how regulators identify and evaluate
uncertainty in practice. Balancing of different (un)favorable effects of
a drug and uncertainty mitigation strategies are outside the scope of
this research (although we touch upon these in the discussion).

Our analysis demonstrates that the identification and evaluation
of uncertainty in medicine evaluation is context-dependent by
illustrating the importance of regulatory experience and expertise.
We thereby add to previous studies that have suggested that the
acceptability of a specific level of uncertainty (10) and the relevance of
uncertainties for the regulator’s decision-making (4) are context-
specific. Thus, we provide more clarity on how and why the context of
an assessment can influence the regulator’s dealing with uncertainty.
In the remainder of this introduction, we briefly discuss the
organization of medicine evaluation in Europe and how the Dutch
MEB fits into this organization. We also briefly discuss prior
theoretical work on the concept of uncertainty that has informed
our analysis.
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1.2 Medicine evaluation at the Dutch MEB

In Europe, medicines can enter the market via centralized,
decentralized or national procedures. When a drug obtains marketing
authorization via the central procedure, EMAs Committee for
Medicinal Products for Human Use (CHMP) is responsible for final
assessment of the dossier submitted by the applicant (after which
official approval is granted by the European Commission). Two CHMP
representatives from each member state take part in the monthly
CHMP meeting to discuss medicine assessments. A drug’s assessment
typically takes place in three rounds, and it takes about a year to
complete (11). For each medicine, two countries are appointed to
prepare the detailed assessment of a drug (the rapporteur and
co-rapporteur), while other countries are referred to as “concerned”
member states. Although the procedure is centralized, NCAs have an
important role in the procedure. When the Netherlands is appointed as
one of the rapporteurs, the Dutch MEB prepares the assessment report.
When the Netherlands is a concerned member state, the MEB also
carries out an evaluation of the drug and of the rapporteur’s assessments
prior to the CHMP discussion. In addition to the centralized procedure,
a drug can gain approval in multiple (but not all) EU countries through
either the decentralized or mutual recognition procedure. In this case,
the NCA of one Reference Member State (RMS) conducts the primary
assessment, and the marketing approval will also apply to one or several
Concerned Member States (CMS) (12). Finally, the NCA of a particular
country also carries out the assessment of drugs that will be marketed
only in that country through a national procedure (13). In addition to
assessing new drugs for marketing authorization, the EMA also
considers variation or extension applications to drugs that have already
been authorized (e.g., registration for a new indication) (14).

The Dutch MEB consists of two parts: the Agency consists of
teams of assessors that prepare assessment reports, while the Board is
responsible for the final recommendation regarding a drug. Each
assessment involves one or multiple quality, non-clinical,
pharmacokinetics, methodological, clinical and pharmacovigilance
assessors. We focus on the work of the clinical assessors. When the
Netherlands is RMS or (co-)rapporteur, the clinical assessors of the
MEB write a report describing their findings and whether they
consider the benefit-risk ratio of the drug to be positive or negative.
In addition to a description of the data, and a judgment on the benefit-
risk ratio, the assessment report also contains a list of questions (LoQ)
the regulator wants the applicant to address during the next assessment
round. The list of questions includes major objections (MOs)—serious
problems that can prevent marketing authorization if not resolved—
and other concerns (OCs)—less serious problems that should still
be solved before a drug can be approved but that will not prevent a
positive outcome. These assessment reports and the list of questions
are then discussed during a Board meeting, which may result in
modifications of the assessment. In the case of national and
decentralized procedures in which the Netherlands acts as the RMS,
the Board has the final say in the assessment. In centralized procedures,
the Board issues an advice that will be discussed in the CHMP.

1.3 The concept of uncertainty

The term “uncertainty” is defined and used differently in different
fields. Our understanding of uncertainty is informed by science and
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technology studies (STS). In this section, we provide a brief overview
of how uncertainty is understood in this field. Our goal here is not to
provide an exhaustive overview of sources of uncertainty, nor to
provide an ironclad definition of the concept. Uncertainty can have
different meanings in different contexts, and it is useful to keep an
open view on the concept when describing how regulators deal with
uncertainties in their decision-making practices (5).

Within STS, scientific knowledge is seen as inherently uncertain,
because scientists never have direct access to the phenomena they are
studying. The knowledge claims that scientists make based on their
experiments can be more or less closely linked to their experimental
setup, but these claims are always based on multiple steps of inference
(15). For instance, suppose that one claims that a drug can treat
diabetes based on a clinical trial that showed a reduction of HbAlc
levels (which measures average blood sugar levels in the past few
months) in the treatment group compared to placebo. This claim relies
on a number of assumptions, including that the experimental
procedure was adequate to measure HbAlc levels and that the
observed difference between treatment arms can be attributed to the
drug and not to another cause. Moreover, the claim of the drug’s effect
relies on the assumption that a reduction of HbAIc levels is relevant
in the treatment of diabetes.

Because the validity of the inferential steps that a claim relies on
can be questioned, it is always possible to challenge scientific claims
and to find alternative explanations for an experimental result. Collins
refers to this phenomenon as experimenter’s regress. The assessment
of the quality of an experiment depends on its results. A good
experiment is one that detects a phenomenon, if it exists. However, if
the phenomenon does not exist, a good experiment is one that returns
a negative result. In other words, the experiment is designed to test the
truthfulness of the claim, but it is only possible to assess whether the
experiment was valid if the truthfulness of the claim is already known.
The competence of the experimenter or the adequacy of the
experimental procedure can therefore always be questioned when the
results of an experiment are not in line with the orthodox scientific
view (16).

Although it is always possible to challenge scientific claims,
uncertainties that were once present in the knowledge production
process become increasingly difficult to access once more knowledge
is built on previous claims (17). Hence, it requires effort to reveal (or
hide) uncertainties in knowledge claims. Uncertainties are not just
“out there” (18).

In this paper, we explore the role of uncertainty in regulatory
decision making in detail. Our analysis of the practice of uncertainty
identification and evaluation is based on a larger ethnographic study
of decision making at the Dutch Medicines Evaluation Board (MEB),
see (19). Uncertainty became an important theme within this
larger study.

2 Methods
2.1 Fieldwork

In our study, we mainly focused on the work of clinical assessors,
who are responsible for assessing a drug’s efficacy and safety. At the
MEB, the clinical assessors work in four different pharmacotherapeutic
groups (PT-groups), organized per group of medical conditions.
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Group 1 assesses medicines in the areas focused on the central
nervous system, eyes, anesthetics, the musculoskeletal system,
analgesics, teeth, and skin. Group 2 focusses on cardiovascular
diseases, diabetes, gynecology and hematology. Group 3 mainly
focusses on oncology, and group 4 on vaccines, infectious diseases,
gastrointestinal disorders, urology, and endocrinology (20).
We followed the work of one of these groups (specific group not
mentioned to maintain confidentiality).

Over the course of 11 consecutive months between 2019 and 2024
(precise dates not provided to reduce identification risks), the first
author (JH) “shadowed” two drugs through different assessment
rounds. To maintain confidentiality, we do not provide the actual
(trade or generic) name for these drugs, but refer to them by the
pseudonyms Zeranyl and Corzumide. These cases were chosen in
close collaboration with two members of one of the MEB’s PT-groups,
mostly for practical reasons. The assessment of Zeranyl was a
decentralized procedure with a well-established use legal basis [article
10a procedure, see (1)]. This means that the drug was already used
widely for a specific indication in clinical practice in at least one EU
country for at least 10years and that the drug’s dossier contained
published scientific literature instead of new clinical data. The
assessment of Corzumide was a centralized accelerated procedure
[Article 8 (3) procedure] for which the Netherlands was one of the
rapporteurs. JH attended meetings where these drugs were discussed.
The observations took place online, because the regulators at the MEB
primarily worked remotely at the time of study. JH also asked whether
the clinical assessors could keep her up to date about any developments
(e.g., by cc-ing her on relevant emails). Moreover, she had access to
the written reports regarding the drugs and changes that were made
to these reports over time.

In addition to focusing on these two drugs, JH attended the
weekly meetings of the clinical assessor’s PT-group (where issues with
any drugs currently under assessment by any assessor in the group
were discussed); and she attended Board meetings (where the reports
of all drugs currently undergoing assessment were discussed and
approved). Through these observations, we therefore collected
detailed fieldnotes about a large number of additional assessment
cases beyond just the two drugs that were initially chosen to
be shadowed, resulting in detailed notes of about 40 drugs. Another
drug that we coincidentally followed through several assessment
rounds, and discuss in some detail in this article, is Noradiol: a
centralized indication extension procedure (type II variation) with the
Netherlands as one of the rapporteurs.

In addition to observing meetings, JH conducted eight interviews
with Zeranyl’s and Corzumide’s clinical assessors, a methodological
assessor, a CHMP member and two Board members. The interviews
were conducted via video meeting or phone and lasted 50-90 min. The
interview template was amended with questions relevant for the
specific person before each interview. Table 1 provides an overview of
the material our analysis is based on.

Both during Board meetings and PT-meetings, most of the
meeting time was allotted to discussion of cases that regulators had
questions or doubts about. As such, our analysis is largely based on
material from more difficult assessment cases. According to one of our
interviewees, about one in four cases takes a lot of work, while the
other cases are more straightforward. The discussions we present in
this article should therefore not be seen as representative for all
evaluations conducted by the MEB. However, focusing on cases of
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TABLE 1 Overview of material.

Type of meeting Number of Duration of
meetings each meeting
Board meeting (large) 5 5-6.5h
Board meeting (small) 3 2.5-3.5h
PT-meeting 41 1h
Other meetings/phone
12 1-2h
calls
Four clinical assessors
Semi-structured One methodological assessor
50-90 min

. Lo
interviews Two Board members

One CHMP member

'One of the eight interviewees had had multiple roles at the MEB. We only included their
current role to reduce identification risk.

doubt or disagreement is informative because these cases can reveal
through which processes knowledge claims become accepted or
questioned. In more straightforward cases, such processes remain
hidden (21). Thus, the regulators’ discussions about difficult
assessment cases can show what makes regulators have doubts about
the validity, strength, or interpretation of the presented evidence (e.g.,
what makes regulators inclined to identifying uncertainties).

2.1.1 Board meetings

The MEB’s Board consists of a maximum of 17 people who fulfill
the role of Board member next to their work as a professional in the
medical or pharmaceutical field. The Board convenes every 2 weeks to
hold either a large Board meeting, where all Board members are
present, or a smaller one that only a few members attend. In this
smaller meeting, the few Board members that are present represent
the rest of the Board. Similar issues are discussed during both types of
Board meetings, although first round assessments where the
Netherlands is (co-)rapporteur are preferably discussed during the
large Board meeting. Assessment reports that will be discussed during
the Board meeting are distributed prior to the meeting, together with
a supplementary note that shortly summarizes the assessment,
contains an overview of the most important OCs and MOs, and
indicates the most pressing issues that the Board should discuss.

During the Board meetings, about 10-15min was allotted to the
discussion of each case. Each case was introduced by a project leader
who shortly summarized the assessment and introduced the most
pressing issue. The Chair of the Board then asked the Board members
whether they agreed with the assessors on each discussion point
brought up by the project leader. Board members could offer their
opinion on the case and ask questions of the assessment team. The
Dutch CHMP representatives and the assessment team were also
present during the Board meeting and could offer their opinion on the
case as well. Sometimes none of the regulators had a comment and the
Chair quickly moved on to the next discussion point. At other times,
an issue initiated a discussion between regulators. At the end of the
discussion of a case, the Chair typically shortly summarized, based on
the discussion, whether amendments should be made to the
assessment or to the list of questions.

2.1.2 Pharmacotherapeutic group meetings
During the weekly PT-meetings, a group of about 15 clinical
assessors discussed the cases they were working on. Typically,

Frontiers in Medicine

10.3389/fmed.2024.1409259

assessments were carried out by one person, although sometimes
multiple assessors worked on a case (as happened for both Zeranyl
and Corzumide), depending on the size or complexity of the case.
During each meeting, the chair of the meeting went through the
different lists of drug assessments that members of the group were
currently working on or that needed to be divided among the
assessors. They paid specific attention to cases that would be discussed
at the next Board meetings. The assessors involved in these cases
would give a brief overview of their assessment and sometimes ask
questions of the other participants of the meeting. Sometimes a
discussion about difficulties they encountered during the assessment
would follow.

2.1.3 Ethics

For reasons of confidentiality, we use pseudonyms to refer to
drugs and to regulators. Sometimes, we mention the specific role a
regulator has (e.g., Board member or clinical assessor). However, some
functions at the MEB and EMA are carried out by a limited number
of people (e.g., CHMP representative). Mentioning their role would
make them identifiable, so we only refer to them as “regulators”
Table 2 provides an overview of pseudonyms we use in this article and
these regulators’ role at the MEB. Our article contains excerpts from
fieldnotes, which are paraphrased; and it contains direct quotes from
regulators. After each excerpt, we have indicated its document number
of our Atlas.ti file.

Before the start of this study, MEB’s Board, the management of the
MEB’s Agency, and the MEB’s scientific committee approved our
research proposal. In addition to approval by the MEB, the study was
approved by the Ethical Committee of the Department of Psychology
at the University of Groningen (PSY-1920-S-0378). This article was
checked for inaccuracies and potentially sensitive information
following an internal peer-reviewing process of the MEB. Moreover,
over the course of our study, we had several meetings with a small
group of MEB regulators to discuss our results. We have incorporated
the MEB’s feedback in our analysis.

2.1.4 Analysis

Our analysis procedure is best captured as “reflexive thematic
analysis,” see (22, 23). Braun and Clarke (23) emphasize the
importance of flexibility, creativity, reflection, and researcher
subjectivity in the process of generating themes, which they define
as “patterns of shared meaning underpinned by a central
organizing concept” (p. 593). Here we provide a brief description
of our iterative process of coding and analysis, which was guided
by the research questions of our larger ethnographic study and,
later, also by the concept of uncertainty described in
our introduction.

The aim of the larger ethnographic study was to describe how the
clinical benefit-risk decision is made in practice at the MEB, and to
describe what influences the regulator’s decision making.
We specifically focused on what regulators valued in their decision-
making practice. The idea that uncertainty played an important role
in the regulator’s assessment of evidence was developed early on
during JH’s fieldwork at the MEB. To illustrate, after about 2 months
of observing meetings, she wrote down: “Doubts and discussions often
revolve around uncertainties—things the studies cannot provide a
conclusive answer to” After another 2 months, JH started coding her
material when she was still observing meetings at the MEB. The initial
coding process was mostly inductive, meaning that codes were derived
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TABLE 2 People who are mentioned multiple times in our article.

Role Pseudonym

Clinical assessors working on Zeranyl Jessica, Kees, and Stan

Clinical assessors working on Corzumide = Chris, Yvonne, and Petra

Other members of the PT-group Lisette, Irene, Pepijn, Casper, Nadya,

and Amanda

Board members Gijs, Elias, Maarten, Sander, and

Coen

from the material. Informed by the initial coding of part of the
material, but also through general impressions of observations and
through discussions of the material with the co-authors, JH came up
with eight main topics to describe the practice of drug assessment at
the MEB that she later merged into three main themes related to
uncertainty, consistency, and a drug’s value for clinical practice. These
three main themes were then used to code the material three more
times (each time focusing on another theme). While coding, JH
started writing outlines to write up the “story” of each theme. This
process was again recursive: the outlines were based on our theoretical
assumptions, on the coding scheme, and on JH’s overall understanding
of the material; and the coding was informed by the writing of these
outlines. One of the three themes we developed forms the basis of this
article. All three themes are discussed in detail in JH’s dissertation,
see (19).

3 Results

Our qualitative analysis highlights the work-intensive and
context-dependent nature of uncovering uncertainties. In the
following, we first illustrate that regulators at the MEB use a “detective
approach” to evaluate the claims an applicant makes about a drug in
the submitted dossier. Evaluating drugs entails checking the applicant’s
account of the evidence and actively searching for uncertainties that
may weaken the claims about the drug’s effects. Thus, consistent with
prior work (18), uncertainties are not just “out there,” but they require
effort to uncover. We then discuss what makes regulators inclined to
identifying uncertainties when they are scrutinizing a drug’s dossier.

3.1 Investigative approach: looking for
uncertainties

Regulatory authorities typically do not collect data themselves.
Instead, they work with a dossier of evidence composed by the
applicant. The documents submitted by the applicant do not just
contain data; they also give an interpretation of the data. Unlike the
American Food and Drug Administration (FDA), the EMA does not
routinely re-analyze raw data files. Regulators at EMA (and at the
MEB) thus need to rely on the data collected, analyzed and presented
by the applicant [although the applicant needs to adhere to strict
requirements, see (24)].

An applicant wants the regulator to approve the drug, which can
have implications for the applicant’s choices in the design of a study
and in the presentation of its results. Regulators at the MEB are keenly
aware that the dossier that is presented to them is not neutral. For
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instance, regulators mentioned that the dossier submitted by an
applicant was written “toward a positive assessment” (fieldnote, Board
member, D54). The applicant’s report is not seen as completely
objective: “the overview written by the applicant provides a colored
view” (quote, clinical assessor, D54). Thus, the regulator needs to see
through the narrative presented by the applicant: “But the applicant’s
style, we can see through that, right” (quote, regulator D54)?

It is the regulator’s task to scrutinize the information provided to
them to verify whether the applicant’s claims are substantiated by the
underlying evidence: “The company provides the results and then
you go and check whether, indeed, they are accurate” (quote, Yvonne,
D33). Clinical assessors check the dossier in detail because “you do
not want to overlook anything” (quote, Petra, D21). This explains why
one regulator talked about their job as “detective work,” which involves
“digging” through the data (quote, Pepijn, D67). When assessing the
medicine’s dossier, the assessors actively look for things in the dossier
that are “remarkable;” “odd” (quotes, Yvonne, D8), “strange” (quote,
Pepijn, D67) or “weird” (quote, Petra, D8). Are there maybe
“irregularities that are not quite proper” (fieldnote, clinical assessor,
D6)? In contrast, the presentation of the information by the applicant
can be “tidy” (quote, Pepijn, D67) or good: “they have described
everything very well, in great detail. (...) Everything looks very
comprehensive” (quote, Yvonne, D8). Thus, regulators are checking
the credibility of the claims that are being presented in the dossier.

In addition to assessing the credibility of the dossier’s claims,
regulators scrutinize a dossier to select information they deem
relevant for their benefit-risk assessment. They decide what
information they find important to make credible claims about the
drug. Regulators have certain questions in mind that they want to see
answered by a drug dossier. When assessing the drug dossier, they
need to decide which pieces of information answer their questions.
They filter out what is relevant to them. They need to think about:
“what question would you like to have answered? And what type of
analysis is appropriate for that” (quote, Pepijn, D67)? The information
regulators find important may not correspond to the information the
applicant has chosen to emphasize in their narrative about the drug’s
favorable and unfavorable effects. Regulators thus need to check
whether the “correct data” (fieldnote, clinical assessor, D54) was used
to come to the interpretation presented by the applicant. The assessors
may for instance take another combination of endpoints into account
in their judgment of the benefit-risk balance than suggested by the
applicant; or the assessor of the case may deem a graph or table that is
“hidden” in the report more important for the assessment than the
prominently presented data.

Thus, regulators at the MEB sift through the submitted dossier to
scrutinize the design and presentation of studies and to filter out the
information they deem relevant for their assessment. Through this
investigative approach, regulators assess the credibility of the
applicant’s claims, and they identify uncertainties that may decrease
the confidence they h