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Background: This study aims to systematically analyze the cost-effectiveness of
the combination therapy comprising sugemalimab and chemotherapy in the
management of advanced ESCC from the Chinese healthcare system
perspective.

Methods: An advanced ESCC patient simulation partitioned survival approach
model was developed to mimic the disease progression of patients undergoing
treatment with sugemalimab in combination with chemotherapy versus
chemotherapy alone. To ensure accuracy and precision, clinical data,
treatment costs, and utility values were collected from comprehensive clinical
trials and reliable economic databases. The cost-effectiveness analysis was
conducted by assessing the incremental cost-effectiveness ratio in relation to
the established willingness-to-pay threshold. One-way and probabilistic
sensitivity analyses were performed to assess the robustness of the model.

Results: The cumulative expenditure for the group of patients administered with
sugemalimab amounted to USS 41734.87, whereas the placebo group was
associated with a total cost of USS 22926.25. By evaluating the ICER, which
quantifies the additional cost incurred per QALY gained, a value of USS
61066.96 per QALY was determined. It is imperative to note that this ICER
value surpasses the predetermined threshold for WTP in China, set at USS
39,855.79 per QALY. Sensitivity analyses demonstrated that the results were
sensitive to the cost of sugemalimab, progression-free survival, and utility
values. These fluctuations did not result in a reversal of the study findings.

Conclusion: The combination of sugemalimab with chemotherapy for the
treatment of ESCC in China is currently not considered a cost-effective
therapeutic approach. However, it is suggested that additional reductions in
price may facilitate the potential for achieving cost-effectiveness.

esophageal squamous cell carcinoma, sugemalimab, chemotherapy, cost-effectiveness,
partitioned survival approach model
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1 Introduction

Esophageal cancer is recognized as one of the most prevalent
forms of cancer worldwide, ranking seventh in terms of incidence
and sixth in terms of mortality (Jiang et al., 2023). Disturbingly,
China bears the greatest burden of this disease, accounting for
approximately 50% of all global esophageal cancer cases and
deaths each year (Li L. et al, 2022). Esophageal squamous cell
carcinoma (ESCC) is an extremely aggressive and deadly
malignancy, predominantly found in Eastern Asia, primarily in
China (Morgan et al,, 2022). It poses a significant health burden
in the region, warranting immediate attention. The prognosis for
advanced ESCC is exceedingly grim, with a 5-year survival rate of
less than 20% (Zhu et al.,, 2023). Consequently, urgent action is
required to devise effective and precise therapeutic approaches to
combat this devastating disease. The treatment of advanced ESCC is
challenging due to late-stage diagnosis, tumor invasion into adjacent
tissues, and distant metastasis. Current therapeutic approaches,
including surgery, chemotherapy, and radiation therapy, have
limited efficacy, and the development of resistance to these
treatments is a common occurrence (Yajima et al, 2021).
Therefore, there is a critical need to explore new treatment
options that can improve the survival and quality of life for
patients with advanced ESCC.

The emergence of immunotherapy has revolutionized the field
of cancer treatment (Thuss-Patience and Stein, 2022; Wu et al,,
2023). In particular, immune checkpoint inhibitors (ICIs), such as
programmed cell death protein 1 (PD-1) and its ligand PD-L1, have
demonstrated significant promise in the treatment of various
cancers, including ESCC. Several recent clinical trials have
provided compelling evidence of the efficacy of immune
checkpoint inhibitors in the treatment of advanced ESCC. One
notable ICIs that has demonstrated promising results in the
treatment of advanced ESCC is pembrolizumab, as shown in the
KEYNOTE-590 trial (Sun et al, 2021). This randomized, phase
3 trial investigated the efficacy of pembrolizumab in combination
with chemotherapy compared to chemotherapy alone as the first-
line treatment for patients with advanced ESCC. The results revealed
a significant improvement in overall survival, progression-free
survival, and objective response rate in the pembrolizumab
group, highlighting its potential as a valuable treatment option
nivolumab, another immune

for these patients. Similarly,

checkpoint inhibitor targeting PD-1, has demonstrated
encouraging outcomes in advanced ESCC. The CheckMate
648  trial of nivolumab plus
chemotherapy as first-line treatment for patients with
unresectable advanced or metastatic ESCC (Doki et al., 2022).

The trial revealed a significant improvement in overall survival

investigated the efficacy

and response rates compared to chemotherapy alone, further
supporting the use of immune checkpoint inhibitors in the
of advanced ESCC. Recently, the wuse of
sugemalimab, a novel anti-PD-L1 antibody, has shown great

management

promise as a therapeutic option for patients with advanced
ESCC. The GEMSTONE-304 trial evaluated the efficacy and
safety of sugemalimab as first-line treatment in patients with
advanced ESCC(Li et al., 2024). The results of the GEMSTONE-
304 trial demonstrated significant improvements in overall survival
(OS), progression-free survival (PES), and response rates in patients
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receiving sugemalimab compared to those receiving chemotherapy
alone. The median OS was substantially prolonged in the
sugemalimab group, indicating a consistent and remarkable
survival benefit. Moreover, the sugemalimab combination therapy
exhibited a higher objective response rate and disease control rate
compared to chemotherapy alone, further highlighting its efficacy in
combating ESCC.

However, despite the promising initial results, there is a dearth
of comprehensive evaluation regarding the cost-effectiveness of
sugemalimab in combination with chemotherapy when compared
to chemotherapy alone. Cost-effectiveness analyses are essential
tools in healthcare decision-making processes, as they provide a
comprehensive evaluation of treatments by considering not only
their clinical effectiveness but also their cost implications (Rodriguez
2013).
confronted with limited resources, and cost-effectiveness analyses

and Caughey, Healthcare decision-making is often
assist in prioritizing interventions based on the potential returns on
investment. By comparing the costs and outcomes of different
treatment options, decision-makers can identify interventions
that provide the greatest health gains at a reasonable cost
(Turner et al, 2021). This helps promote efficient resource
allocation and ensures equitable access to healthcare services.
Thus, the lack of

understanding of the

cost-effectiveness has hindered our

economic implications of utilizing
sugemalimab therapy for advanced ESCC. In this comprehensive
study, our objective is to evaluate the incremental cost-effectiveness
ratio (ICER) of combining sugemalimab with chemotherapy, as
compared to the use of chemotherapy alone. This analysis will offer
critical insights into the financial implications associated with
achieving an additional unit of health benefit through the
adoption of sugemalimab in combination with chemotherapy.
The outcomes of this study will serve as a valuable resource for
decision-makers, who are tasked with allocating limited resources
efficiently. The results will aid in determining the optimal allocation
of healthcare funds while considering both the financial

sustainability and clinical effectiveness of treatment options.

2 Methods
2.1 Study design and data sources

We have developed a novel partitioned survival model (PSM) to
comprehensively assess the intricate relationship between cost
aspects and clinical benefits in patients with advanced ESCC. The
PSM categorizes patients into three distinct and mutually exclusive
states: progression-free disease, progressive disease, and death
(Figure 1). By incorporating a wide range of significant direct
healthcare expenditures, including medication costs, management
of adverse events, follow-up therapeutic interventions, and optimal
supportive care, our model provides a comprehensive framework for
evaluating the economic implications of ESCC treatment.

Survival data from the GEMSTONE-304 clinical trial was
collected using GetData Graph Digitizer (version 2.25) software.
This software reconstructs the raw data from survival curve prior
curves to simulate transfer probabilities.

To align with the designated observation time of the
GEMSTONE-304 clinical trial, we have selected a simulation
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Sugemalimab 1200mg plus
cisplatin 80 mg/m? on day 1
plus 5-fluorouracil 800 mg
/m? day-1 on days 14,

every 3 weeks

Progression free
Progressive

Advanced ESCC .

Placebo plus cisplatin

3 weeks

80 mg/ m? on day 1 plus 5-
fluorouracil 800 mg /m?
day-1 on days 1-4, every

Progression free
Progressive

Progression free

Progression

FIGURE 1
Study design model.

period of 21 days per cycle. Because the overall 5-year survival rate
for ESCC ranges was 20%, we set the time horizon of our model to
10 years. Furthermore, our PSM analysis provides additional
support for this 10-year timeframe by demonstrating that nearly
all patients in the model would reach the terminal state within
this duration.

the latest China  Guidelines for
Pharmacoeconomic Evaluations in 2020, we have established a
threshold for willingness-to-pay (WTP) at $39855.785 per

quality-adjusted life year (QALY), which was determined as three

According  to

times the national gross domestic product (GDP) per capita in 2023
(National Bureau of Statistics of China, 2023; Liu et al., 2020). The
incorporation of this WTP threshold enables us to compare the
incremental cost per QALY gained and assess the economic viability
of the intervention. The construction of the PSM framework was
executed using TreeAge Pro 2011 software.

3 Population and intervention

The model assumes that the study population is consistent with
participants in the GEMSTONE-304 trial. Between 19 December
2019, and 23 December 2021, a total of 785 patients were screened
for eligibility across 69 study centers in China. Out of these patients,
540 individuals who met the criteria were randomly assigned to two
groups in a 2:1 ratio. Specifically, 358 patients were allocated to
receive sugemalimab in conjunction with chemotherapy, while
182 patients were assigned to receive a placebo alongside
chemotherapy.All enrolled patients were of Asian ethnicity and
had a median age of 62.5years (range, 40-75years) and
63.0 years (range, 43-75 years) in the sugemalimab and placebo-
chemotherapy groups, respectively. The majority of patients had an
Eastern Cooperative Oncology Group (ECOG) performance status
score of 1 (79.1% in the sugemalimab group versus 78.6% in the
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placebo-chemotherapy group). The proportion of male patients was
similar between the two groups, with 87.7% in the sugemalimab
group and 86.8% in the placebo-chemotherapy group. The majority
of patients in both treatment groups had stage IV tumors (90.2% in
the sugemalimab group versus 90.7% in the placebo-chemotherapy
group), and a similar proportion of patients had metastasis (79.6% in
the sugemalimab group versus 79.1% in the placebo-chemotherapy
group). The distribution of patients based on PD-L1 expression
levels was balanced in both treatment groups, with 57.0% and 57.1%
of patients having PD-L1 expression levels below 10% and 43.0%
and 42.9% having PD-L1 expression levels of 10 or higher in the
sugemalimab and placebo-chemotherapy groups, respectively (Li
et al., 2024).

The GEMSTONE-304 trial and our PSM assumes that the study
population included a total of 540 eligible patients who were
randomly assigned in a 2:1 ratio to receive either sugemalimab
358) or placebo along with
chemotherapy (n = 182). Participants were randomly allocated to

along with chemotherapy (n
receive either sugemalimab (1,200 mg) every 3 weeks or a placebo
for a maximum of 24 months. Additionally, they will receive
chemotherapy every 3 weeks, comprising cisplatin (80 mg/m’®, day
1) and 5-fluorouracil (800 mg/m?* day 1-4), for a total of six
treatment cycles.

The administration of subsequent anticancer therapy was
observed in 145 individuals (40.5%) within the sugemalimab-
chemotherapy cohort, whereas 88 participants (48.4%) received
comparable treatment in the placebo chemotherapy group. In
light of the cost-effectiveness analysis that needs to be conducted,
we have employed the assumption of utilizing a second-line
treatment of docetaxel in combination with a platinum-based
chemotherapy regimen for both treatment groups. However, due
to the considerable uncertainty surrounding the optimal selection of
third-line therapy, our study assumes the utilization of the best
supportive treatment regimen in the event of disease re-progression.
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TABLE 1 Log-logistic survival model parameters.

10.3389/fphar.2024.1396761

Variable Sugemalimab plus chemotherapy cohort Placebo plus chemotherapy cohort
Log-logistic OS shape (y) 1.707 1.975
Log-logistic OS scale (\) 0.00937 0.00773
Log-logistic PFS shape (y) 2.129 2.501
Log-logistic PFS scale (\) 0.0173 0.0166

Abbreviations:OS: overall survival; PES: Progression-Free Survival.

4 Clinical data collection procedures

In this study, we extracted and reconstructed the survival curve
data from the GEMSTONE-304 clinical trial using the data
extraction tool GetData Graph Digitizer (http://www.getdata-
graph-digitizer.com, version 2.25) software.Our primary aim was
to extract and simulate the survival curves, encompassing both
overall survival and disease-free survival, by identifying the most
suitable statistical distributions. In the determination of the optimal
distribution, a combination of two principles was employed: firstly,
the akaike
Information Criterion (BIC) were utilized as the minimum

information criterion (AIC) and the Bayesian
statistical criteria, and secondly, an intuitive visual inspection was
conducted to ensure that the simulated curves adhered to the
established clinical observation standards (Hoyle and Henley,
2011). The AIC and BIC values associated with the simulated
survival curves can be located in Supplementary Table SI.
Furthermore, Supplementary Figure S1 provides a graphical
depiction of the reconstructed distribution curves for each
respective group.

To enhance the efficacy of our model, we implemented a
simulation approach to generate survival times based on a log-
logistic distribution. This innovative technique allowed us to extend
the applicability of our model beyond the duration of the clinical
trial follow-up. By providing a robust estimation of the survival
function S(t), we aimed to offer a more comprehensive
understanding of the underlying dynamics of the studied
population. The survival function, denoted as S(t), plays a crucial
role in survival analysis as it quantifies the probability that an
individual survives beyond a given time point, t. In our study, we
employed the log-logistic distribution to model the survival
function,S(t) = 1/(1+AtY). This parametric distribution holds
immense significance in survival analysis due to its flexibility in
capturing various shapes of survival curves.To effectively implement
the log-logistic distribution and estimate the parameters, we utilized
R software. The estimated values of the parameters, shape (y) and
scale (\) are presented in Table I.

5 Cost sources and utility parameters

This study is conducted from the Chinese healthcare system
perspective. From this perspective, it can provide decision-making
for healthcare and promote rational pricing of medicines. We
consider costs related to medication, treatment of serious adverse
events caused by medications, follow-up treatment, best supportive
care, and expenses related to follow-up. The annual exchange rate
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from Chinese Renminbi (RMB) to US dollars (US$) for
2023 was705 units of RMB per 100 US$(National Data, 2023).To
ensure accurate data on drug costs, we gathered national median
drug prices from the China Data Platform (https://data.yaozh.com/)
(YaoZH, 2024). Conversely, other costs were derived from pertinent
literature that has been previously published.

In order to evaluate the quality of life associated with health
status, utility values ranging from 0 to 1 were utilized within this
study. Unfortunately, explicit utility value data from the
GEMSTONE-304 clinical trial were unattainable. Consequently,
we procured utility values from previously published literature. It
is important to highlight and emphasize that these cost and utility
values obtained from the literature are factored into our sensitivity
analysis, which aims to determine the robustness of the results
yielded by our model by assessing their impact on the conclusions
drawn from our findings. Additionally, our model also accounts for
the negative utility associated with adverse drug events. Detailed
information regarding cost and utility values can be found
in Table 2.

6 Sensitivity analysis

This study utilized sensitivity analyses to enhance the robustness
of the model. Firstly, a one-way sensitivity analysis was conducted to
assess the impact of varying input parameters on the ICER. Each
input parameter was adjusted individually by +25% to evaluate its
influence on the ICER. Additionally, the discount rate was varied
from 0% to 8%. The results of this sensitivity analysis were visually
represented using a tornado diagram, an effective tool for illustrating
the relative importance of each parameter in influencing the ICER.

In order to thoroughly evaluate and quantify the uncertainty
associated with estimating the ICER, a comprehensive and rigorous
probabilistic sensitivity analysis was carried out. This analysis
entailed the execution of 1000 Monte Carlo simulations, allowing
for a thorough exploration and investigation of a wide spectrum of
probabilistic scenarios. The main objective of the probabilistic
sensitivity analysis was to incorporate random sampling of input
parameters from specified probability distributions. This approach
ensured a robust and comprehensive assessment of the potential
variability in the ICER estimates, taking into account the intrinsic
uncertainty associated with each parameter. By sampling from
specified probability distributions, the analysis allowed for the
consideration of parameter values that were not only
deterministic, but also probabilistic in nature. This feature
enabled a more realistic and accurate representation of the

inherent uncertainty in the estimation of the ICER, considering
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TABLE 2 The parameters input of the model.

Parameters

Input value

Minimum

Range

10.3389/fphar.2024.1396761

Distribution

Maximum

TEAE rate of sugemalimab group (%)

Platelet count decreased 2.50 - - Beta Li et al. (2024)
Vomiting 2.00 Beta Li et al. (2024)
Nausea 0.80 - - Beta Li et al. (2024)
TEAE rate of placebo group (%)

Platelet count decreased 2.20 - - Beta Li et al. (2024)
Vomiting 2.10 - - Beta Li et al. (2024)
Nausea 2.20 - - Beta Li et al. (2024)
Medication costs (US$)

Sugemalimab (600 mg) 1839.85 1379.89 2299.81 Gamma YaoZH (2024)
Fluorouracil (500 mg) 29.12 21.84 36.40 Gamma YaoZH (2024)
Cisplatin (10 mg) 1.39 1.04 1.74 Gamma YaoZH (2024)
Cost of TEAE per cycle (US$)

Platelet count decreased 1523.82 1142.87 1904.78 Gamma Liu et al. (2023a)
Vomiting 71.00 53.25 88.75 Gamma Li et al. (2022b)
Nausea 101.15 75.86 126.44 Gamma Yang et al. (2021)
Subsequent therapy per cycle (US$) 639.75 479.81 799.69 Gamma Zheng et al. (2024)
Best supportive care (US$) 182.23 136.67 227.79 Gamma Liu et al. (2023b)
Follow-up cost per cycle (US$) 73.72 55.29 92.15 Gamma Liu et al. (2023a)
Utility

Progression-free disease 0.74 0.56 0.93 Beta Al-Batran et al. (2016)
Progressive disease 0.58 0.44 0.73 Beta Al-Batran et al. (2016)
Platelet count decreased 0.20 0.15 0.25 Beta Zheng et al. (2023a)
Vomiting 0.13 0.10 0.16 Beta Zheng et al. (2023a)
Nausea 0.13 0.10 0.16 Beta Zheng et al. (2023b)
Body surface area (m?) 1.72 1.29 2.15 Beta Zheng et al. (2023b)
Discount rate 5% 0 8% Beta Liu et al. (2020)

Abbreviations: TEAE:Treatment-emergent adverse event.

the various sources of variability and randomness that influence the
input parameters. The results of this probabilistic sensitivity analysis
are effectively communicated through meticulously crafted
scatter plots.

7 Results
7.1 Cost-effectiveness outcomes
The total cost for the group receiving sugemalimab amounted to

US$41734.87, whereas the placebo group incurred a total cost of
US$22926.25. The administration of the sugemalimab regimen

Frontiers in Pharmacology

resulted in a statistically significant increase of 0.31 QALYs
compared to the placebo group. However, this additional benefit
came at an incremental cost of US$18808.62. Consequently, the
calculated ICER was US$61066.96 per QALY gained, which exceeds
the WTP threshold of US$39855.79 per QALY in China. Thus, the
use of the sugemalimab regimen may not be deemed cost-effective
within the Chinese healthcare system. Table 3 provides a
comprehensive summary of the findings obtained in this analysis.

However, we discovered that reducing the price of sugemalimab
by 50% to only $919.92 per 600 mg resulted in an ICER of
US$39,547.54 per QALY gained. It is noteworthy that this ICER
value closely aligns with the WTP threshold of
US$39,855.79 per QALY.
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TABLE 3 The results of cost-effectiveness.

10.3389/fphar.2024.1396761

Group Sugemalimab group Placebo group
Result

Cost (US$) 41734.87 22926.25
QALYs 1.54 1.23
Incremental cost (US$) 18808.62 NA
Incremental QALY 0.31 NA

ICER (US$/QALY) 61066.96 NA

ICER, Incremental cost-effectiveness ratio; QALY, Quality-adjusted life year; NA, not applicable.

Tornado Analysis (ICER)

0 Cost of drug sugemalimab(§)

[
-

EV: 61066 96

Utility of PD

Utility of PFS
Cost of subsequent ($)

Discount rate

Body surface area

Cost of drug fluorouracil($)

Cost of follow up($)
Utility of platelet count decreased
Cost of platelet count decreased($)
Utility of Vomiting

Utility of Nausea
Cost of drug cisplatin($)
Cost of Vomiting($)

Cost of Nausea($)

Best supportive care cost($)

50000 51000 52000 53000 54000 55000 56000 57000 58000 59000 60000 61000 62000 63000 64000 65000 66000 67000 68000 69000 70000 71000 72000 73000

FIGURE 2
The outcomes of sensitivity analysis.

8 Sensitivity analysis outcomes

The tornado diagram presented in Figure 2 depicts the
outcomes of one-way sensitivity analysis. The parameter that
exerted the greatest impact on the ICER across all populations
was the price of sugemalimab. However, it is worth noting that this
impact fluctuated within a range of +25%, which still considerably
exceeded the WTP threshold. These fluctuations did not result in a
reversal of the study findings. Additionally, other parameters such
as PFS utility, PD utility, and Subsequent therapy costs also
influenced the ICER, albeit their impact gradually diminished. It
is of significance to emphasize that even variations of these
parameters within a range of #25% did not yield significant
alterations in the analysis results. Consequently, the consistent
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finding that the ICER value consistently surpasses three times
the GDP strengthens the stability of our findings.

In Figure 3, the ICER plane is visually partitioned into
quadrants, enabling a clear depiction of the distribution of the
1000 bootstrap replicates of the ICER. The resulting graph
provides valuable insights into the cost-effectiveness of various
interventions. Based on the findings derived from the analysis,
interventions falling within the North-East quadrant of the cost-
effectiveness plane, specifically below the linear ICER line,
are inferred to be perceived as cost-effective. The strategic
placement of the North-East quadrant on the cost-effectiveness
plane signifies interventions that demonstrate superior cost-
other alternatives. This
positioning suggests that the interventions in this quadrant

effectiveness in comparison to
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Incremental Cost-Effectiveness, Sugemalimab v. Placebo
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FIGURE 3
The outcomes of the ICER plane scatter plots.

possess a more favorable ICER ratio, indicating lower costs or
superior effectiveness relative to interventions in other quadrants.
Significantly, when considering the WTP threshold of
US$39855.79 per QALY, there is a mere 1.2% probability of
deeming the sugemalimab regimen as a more cost-effective
option compared to the placebo group.

9 Discussion

In recent years, there have been significant advancements in the
field of cancer treatment in China, particularly with the development
of innovative PD-1 These
promising results in terms of providing improved survival
benefits and clinical tolerability for patients suffering from
various types of cancer (Zhang et al, 2022a). One of the key
factors contributing to this positive trend is the implementation

inhibitors. inhibitors have shown

of centralized price negotiation mechanisms, which aim to enhance
the accessibility and affordability of these treatments for patients
(Zhang et al, 2022b). The Medical
Administration in China has crucial

National Products

played a role in
strengthening regulatory capacity to ensure the safety and
efficacy of these innovative anti-cancer medicines. They have also
introduced priority procedures to expedite the development, review,
and approval of such drugs. These measures have not only
accelerated the availability of these treatments but have also
facilitated timely access for patients in need.

Frontiers in Pharmacology

To address the concern of rapidly increasing healthcare costs,
value-based pricing and national medical insurance negotiations
have been pivotal in determining the coverage and reimbursement
of innovative drugs by the national medical insurance program (Si
et al, 2020). This approach ensures that the cost of these
medications aligns with the value they provide in terms of
patient outcomes and overall healthcare system sustainability.
Through these negotiations, drug prices have been reduced by
half, thereby significantly easing the financial burden on patients
while ensuring the long-term viability of the medical insurance
program (Tang et al., 2020). The Chinese government’s concerted
efforts in fostering innovation, streamlining regulatory processes,
and implementing cost-containment measures have paved the way
for the development and accessibility of groundbreaking cancer
therapies. These advancements not only offer new hope for cancer
patients in China but also contribute to the advancement of global
cancer treatment strategies.

Following our research, the utilization of sugemalimab as a
therapeutic intervention for advanced ESCC yielded results in terms
of an ICER of US $61,066.96 per QALY gained. It is noteworthy that
this ICER exceeds the WTP threshold of US$39,855.79 per QALY,
thereby indicating that sugemalimab does not meet the criteria for
being considered a cost-effective treatment option for this specific
condition in China.

Sensitivity analysis holds a critical position in both scientific inquiry
and decision-making processes, playing a crucial role in examining the
impact of changes in input variables on the outcomes of studies and
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models. Through thorough investigation of the sensitivity of various
parameters, researchers can develop a deeper understanding of the
interdependent relationships and responsiveness of their findings to
individual factors. Notably, a consistent observation emerged that the
price of sugemalimab exhibited the most profound influence on the
ICER. However, even when modifying the parameters within a range
of £25%, the resulting ICER consistently exceeded the threshold deemed
acceptable for WTP. This compelling discovery presents robust evidence
to substantiate the claim that the current pricing methodology for
sugemalimab is comparably costly and lacks cost-effectiveness in its
application to the treatment of advanced ESCC. The PSA result showed
that when considering the WTP threshold of US$39855.79 per QALY,
there is a mere 1.2% probability of deeming the sugemalimab regimen as
a more cost-effective option compared to the placebo group. However, if
we take into account a threshold increase to US$63,769.25 per QALY,
the sugemalimab regimen is found to be 58.10% more cost-effective than
the placebo group.

Currently, there is some research aimed at conducting economic
evaluations of immunotherapies for patients with advanced ESCC.
The economic evaluation of these treatments is of great importance,
as it helps to assess their cost-effectiveness and inform decision-
making regarding their inclusion in healthcare systems. For
example, a study by Xu et al. used a cost-effectiveness analysis to
compare the expenses and benefits of toripalimab versus standard
chemotherapy for ESCC. The findings of this study indicated that
toripalimab plus chemotherapy was likely to be the cost-effective
first-line option for patients with advanced ESCC compared with
chemotherapy alone (Kang et al., 2024). Another study by Liu et al.
focused on evaluating the cost-effectiveness of various second-line
immunotherapies for the treatment of ESCC patients. The
immunotherapies considered were camrelizumab, nivolumab,
pembrolizumab, sintilimab, and tislelizumab. Their results
demonstrated that sintilimab might be the optimal treatment
alternative for second-line therapy of advanced ESCC in China,
followed by tislelizumab and camrelizumab (Liu et al., 2024).

Our study distinguishes itself from previous publications in several
significant ways. Firstly, our research utilizes data from a unique
clinical trial, the GEMSTONE-304 trial, which sets it apart from
previous studies that may have relied on different trial data sources.
This inclusion of specific data enhances the credibility and reliability of
our findings. Moreover, our analysis incorporates a comprehensive
range of factors, such as treatment effects, adverse events, and costs.
This multidimensional approach underscores the robustness and
thoroughness of our investigation. Additionally, it is noteworthy
that no previous publication conducting a cost-effectiveness analysis
has specifically utilized data from the GEMSTONE-304 clinical trial.
This is an important aspect to highlight as it emphasizes the novelty
and originality of our study, as well as its potential to contribute to
existing literature in a unique and meaningful way.

We strongly advise against utilizing cost-effectiveness analyses,
especially the result of our study, as the sole basis for imposing
restrictions on the use of sugemalimab. Instead, we propose
employing these analyses to inform policy decisions and enhance
access to sugemalimab through improvements in the health insurance
system (Fang et al., 2021). We contend that cost-effectiveness analyses
can serve as a reliable methodological approach to objectively guide
recommendations aimed at reducing the prices of costly drugs. The
prevailing exorbitant costs associated with anticancer medications
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pose an additional financial burden on individuals and the healthcare
system as a whole. Recognizing this issue, China has implemented
measures such as the centralized national procurement of medicines
to alleviate financial strains. Notably, successful negotiations between
the government and manufacturers in 2016 resulted in a significant
price reduction of gefitinib by over 50%.Drug pricing and national
reimbursement negotiation led to a marked decrease in prices and a
sharp increase in the utilization of negotiated anticancer medicines
(Mingge et al., 2023). The Chinese government is currently engaged in
proactive efforts to enhance the availability of novel oncology
medications. The accelerated pace of reimbursement decision-
making for domestically-produced drugs is perhaps attributed to
their competitive pricing advantages as well as the regulator’s
endeavors to foster innovation within the domestic pharmaceutical
sector (Liu et al., 2022).

Our research aimed to assess the affordability and value of
sugemalimab by conducting a comprehensive cost-effectiveness
analysis using the ICER. We discovered that reducing the price of
sugemalimab by 50% to only $919.92 per 600 mg resulted in an ICER
of US$39,547.54 per QALY gained. It is noteworthy that this ICER
value closely aligns with the WTP threshold of US$39,855.79 per
QALY. These findings underscore the considerable cost-effectiveness
of sugemalimab at the lower price. In essence, our results indicate that
aligning the ICER of sugemalimab with established WTP thresholds
presents an opportunity to expand access to cost-effective treatment
for a larger patient population. By strategically reducing the price of
sugemalimab, we can enhance the accessibility of this innovative
therapy to a broader range of individuals, ultimately maximizing its
cost-effectiveness.

This study has the following limitations. Firstly, by relying solely
on the GEMSTONE-304 study, there is an increased level of
uncertainty in the estimated parameters. The degree of rigor in
the conducted trial will inherently impact the reliability of the results
obtained. Moreover, as new survival data becomes available, our
findings may be subject to potential influences. In light of this, it is
update  these
findings.Secondly, it is imperative to acknowledge that in real-

imperative to  consistently monitor and
world scenarios, the effectiveness of different interventions might
be enhanced when used in combination with other treatments, a
factor that our model fails to incorporate. Furthermore, our
investigation rests on certain assumptions regarding the cost of
subsequent treatment options after disease progression. However, in
practice, the choice of subsequent treatment regimen will vary based
on the specific circumstances of each patient. Encouragingly, our
one-way sensitivity analyses demonstrated that even when
modifying the estimated range of subsequent treatment regimens,
the ICER values consistently exceeded the WTP thresholds, thereby
further supporting our conclusions. Lastly, it is important to note
that our analysis did not encompass grade 1 or 2 adverse events. We
presumed that these events would have a minimal impact on clinical
outcomes, and subsequent sensitivity analyses corroborated that
adverse drug events do not significantly influence our findings.

10 Conclusion

Currently, the utilization of sugemalimab in combination with
chemotherapy as a therapeutic approach for the treatment of ESCC

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1396761

Cai et al.

in China is not considered cost-effective. However, it is suggested
that if the price of sugemalimab is further reduced by 50% to only
$919.92 per 600 mg, it may achieving cost-effectiveness in China
from the current WTP threshold.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be directed
to the corresponding author.

Author contributions

HC:  Project Validation,
Writing-review and editing. LF: Data curation, Investigation,
ZZ: Methodology,
Writing-original draft, Writing-review and editing.

administration, Supervision,

Software, Writing-review and editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This work

References

Al-Batran, S. E,, Van Cutsem, E., Oh, S. C,, Bodoky, G., Shimada, Y., Hironaka, S.,
et al. (2016). Quality-of-life and performance status results from the phase III
RAINBOW study of ramucirumab plus paclitaxel versus placebo plus paclitaxel in
patients with previously treated gastric or gastroesophageal junction adenocarcinoma.
Ann. Oncol. 27, 673-679. doi:10.1093/annonc/mdv625

Doki, Y., Ajani, J. A., Kato, K., Xu, J., Wyrwicz, L., Motoyama, S., et al. (2022).
Nivolumab combination therapy in advanced esophageal squamous-cell carcinoma. N.
Engl. ]. Med. 386 (5), 449-462. doi:10.1056/NEJMo0a2111380

Fang, W., Xu, X,, Zhu, Y., Dai, H., Shang, L., and Li, X. (2021). Impact of the national
health insurance coverage policy on the utilisation and accessibility of innovative anti-
cancer medicines in China: an interrupted time-series study. Front. Public Health 9,
714127. doi:10.3389/fpubh.2021.714127

Hoyle, M. W., and Henley, W. (2011). Improved curve fits to summary survival data:
application to economic evaluation of health technologies. BMC Med. Res. Methodol. 11,
139. doi:10.1186/1471-2288-11-139

Jiang, Y., Lin, Y., Wen, Y., Fu, W., Wang, R, He, J,, et al. (2023). Global trends in the
burden of esophageal cancer, 1990-2019: results from the Global Burden of Disease
Study 2019. J. Thorac. Dis. 15 (2), 348-364. doi:10.21037/jtd-22-856

Kang, S., Wang, X,, Pan, Z, and Liu, H. (2024). Cost-effectiveness analysis of
toripalimab plus chemotherapy for patients with advanced esophageal squamous
cell carcinoma in China. Expert Rev. Pharmacoecon Outcomes Res. 24 (2), 285-292.
doi:10.1080/14737167.2023.2270159

Li, J., Chen, Z., Bai, Y., Liu, B,, Li, Q,, Zhang, J., et al. (2024). First-line sugemalimab

with chemotherapy for advanced esophageal squamous cell carcinoma: a randomized
phase 3 study. Nat. Med. 30, 740-748. doi:10.1038/s41591-024-02797-y

Li, L., Liu, X., Huang, J., Liu, Y., Huang, L., and Feng, Y. (2022a). Cost-effectiveness of
camrelizumab versus chemotherapy for the treatment of advanced or metastatic
esophageal squamous cell carcinoma. J. Gastrointest. Oncol. 13 (1), 40-48. doi:10.
21037/jgo-21-870

Li, Y., Xu, J., Gu, Y., Sun, X,, Dong, H., and Chen, C. (2022b). The disease and
economic burdens of esophageal cancer in China from 2013 to 2030: dynamic cohort
modeling study. JMIR Public Health Surveill. 8 (3), €33191. doi:10.2196/33191

Liu, G., Hu, S, Wu, J., Wu, J., Yang, L., Li, H., et al. (2020). The China Guidelines for
phaumacoeconomi¢ evaluation. 2020 English Edition. Beijing,China: China Market
Press.

Liu, G. G., Wu, J,, He, X,, and Jiang, Y. (2022). Policy updates on access to and
affordability of innovative medicines in China. Value Health Reg. issues. 30, 59-66.
doi:10.1016/j.vhri.2021.12.003

Frontiers in Pharmacology

10.3389/fphar.2024.1396761

was supported by the Research

Foundation (A2024797).

Guangdong  Medical

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2024.1396761/
full#supplementary-material

Liu, S., Dou, L., and Li, S. (2023a). Cost-effectiveness analysis of PD-1 inhibitors
combined with chemotherapy as first-line therapy for advanced esophageal squamous-
cell carcinoma in China. Front. Pharmacol. 14, 1055727. doi:10.3389/fphar.2023.
1055727

Liu, S., Dou, L., and Li, S. (2024). Immune checkpoint inhibitors versus chemotherapy
as second-line therapy for advanced oesophageal squamous cell carcinoma: a systematic
review and economic evaluation. Ther. Adv. Gastroenterol. 17, 17562848241233134.
doi:10.1177/17562848241233134

Liu, S., Jiang, N., Dou, L., and Li, S. (2023b). Cost-effectiveness analysis of serplulimab
plus chemotherapy in the first-line treatment for PD-L1-positive esophageal squamous
cell carcinoma in China. Front. Immunol. 14, 1172242. doi:10.3389/fimmu.2023.
1172242

Mingge, X, Jingyu, W., Qi, L., Zhe, Z., and Qing, R. (2023). Promoting access to
innovative anticancer medicines: a review of drug price and national reimbursement
negotiation in China. Inquiry 60, 469580231170729. doi:10.1177/00469580231170729

Morgan, E., Soerjomataram, I., Rumgay, H., Coleman, H. G., Thrift, A. P., Vignat, J.,
et al. (2022). The global landscape of esophageal squamous cell carcinoma and
esophageal adenocarcinoma incidence and mortality in 2020 and projections to
2040: new estimates from GLOBOCAN 2020. Gastroenterology 163 (3), 649-658.e2.
doi:10.1053/j.gastr0.2022.05.054

National Bureau of Statistics of China (2023). National Bureau of statistics of China.
Available at: https://data.stats.gov.cn/english/(Accessed March 28, 2024).

National Data (2023). National Bureau of Statistics of China. Available at: https://data.
stats.gov.cn/english/easyquery. htm?cn=C01 (Accessed March 28, 2024).

Rodriguez, M. I, and Caughey, A. B. (2013). Cost-effectiveness analyses and their role
in improving healthcare strategies. Curr. Opin. Obstet. Gynecol. 25 (6), 487-493. doi:10.
1097/GC0O.0000000000000020

Si, L., Xu, L., Chen, M., and Jan, S. (2020). Using strategic price negotiations to contain
costs and expand access to medicines in China. BMJ Glob. Health 5 (1), €002256. doi:10.
1136/bmjgh-2019-002256

Sun, J. M., Shen, L., Shah, M. A., Enzinger, P., Adenis, A., Doi, T., et al. (2021).
Pembrolizumab plus chemotherapy versus chemotherapy alone for first-line treatment
of advanced oesophageal cancer (KEYNOTE-590): a randomised, placebo-controlled,
phase 3 study. Lancet 398 (10302), 759-771. doi:10.1016/S0140-6736(21)01234-4

Tang, M., Song, P., and He, J. (2020). Progress on drug pricing negotiations in China.
Biosci. Trends 13 (6), 464-468. doi:10.5582/bst.2019.01339

Thuss-Patience, P., and Stein, A. (2022). Immunotherapy in squamous cell cancer of
the esophagus. Curr. Oncol. 29 (4), 2461-2471. doi:10.3390/curroncol29040200

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fphar.2024.1396761/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2024.1396761/full#supplementary-material
https://doi.org/10.1093/annonc/mdv625
https://doi.org/10.1056/NEJMoa2111380
https://doi.org/10.3389/fpubh.2021.714127
https://doi.org/10.1186/1471-2288-11-139
https://doi.org/10.21037/jtd-22-856
https://doi.org/10.1080/14737167.2023.2270159
https://doi.org/10.1038/s41591-024-02797-y
https://doi.org/10.21037/jgo-21-870
https://doi.org/10.21037/jgo-21-870
https://doi.org/10.2196/33191
https://doi.org/10.1016/j.vhri.2021.12.003
https://doi.org/10.3389/fphar.2023.1055727
https://doi.org/10.3389/fphar.2023.1055727
https://doi.org/10.1177/17562848241233134
https://doi.org/10.3389/fimmu.2023.1172242
https://doi.org/10.3389/fimmu.2023.1172242
https://doi.org/10.1177/00469580231170729
https://doi.org/10.1053/j.gastro.2022.05.054
https://data.stats.gov.cn/english/
https://data.stats.gov.cn/english/easyquery.htm?cn=C01
https://data.stats.gov.cn/english/easyquery.htm?cn=C01
https://doi.org/10.1097/GCO.0000000000000020
https://doi.org/10.1097/GCO.0000000000000020
https://doi.org/10.1136/bmjgh-2019-002256
https://doi.org/10.1136/bmjgh-2019-002256
https://doi.org/10.1016/S0140-6736(21)01234-4
https://doi.org/10.5582/bst.2019.01339
https://doi.org/10.3390/curroncol29040200
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1396761

Cai et al.

Turner, H. C,, Archer, R. A,, Downey, L. E., Isaranuwatchai, W., Chalkidou, K., Jit,
M., et al. (2021). An introduction to the main types of economic evaluations
used for informing priority setting and resource allocation in healthcare: key
features, uses, and limitations. Front. Public Health 9, 722927. doi:10.3389/fpubh.
2021.722927

Wu, Y. X, Zhou, X. Y., Wang, J. Q,, Chen, G. M., Chen, J. X., Wang, R. C,, et al. (2023).
Application of immune checkpoint inhibitors in immunotherapy for gastric cancer.
Immunotherapy 15 (2), 101-115. doi:10.2217/imt-2022-0080

Yajima, S., Suzuki, T., Nanami, T., Oshima, Y., Kikuchi, Y., Funahashi, K., et al.
(2021). Randomized phase II study to comparing docetaxel/nedaplatin versus docetaxel
for 5-fluorouracil/cisplatin resistant esophageal squamous cell carcinoma. Ann. Thorac.
Cardiovasc Surg. 27 (4), 219-224. doi:10.5761/atcs.0a.20-00294

Yang, F.,, Fu, Y., Kumar, A., Chen, M,, Si, L., and Rojanasarot, S. (2021). Cost-
effectiveness analysis of camrelizumab in the second-line treatment for advanced or
metastatic esophageal squamous cell carcinoma in China. Ann. Transl. Med. 9 (15),
1226. doi:10.21037/atm-21-1803

YaoZH (2024). Drug Pice. Available at: https://data.yaozh.com/(Accessed March 28,
2024).

Zhang, Y., Naci, H., Wagner, A. K, Xu, Z,, Yang, Y., Zhu, ], et al. (2022a). Overall
survival benefits of cancer drugs approved in China from 2005 to 2020. JAMA Netw.
Open 5 (8), €2225973. doi:10.1001/jamanetworkopen.2022.25973

Frontiers in Pharmacology

10

10.3389/fphar.2024.1396761

Zhang, Y., Wei, Y., Li, H,, Chen, Y., Guo, Y., Han, S,, et al. (2022b). Prices and clinical
benefit of national price-negotiated anticancer medicines in China. Pharmacoeconomics
40 (7), 715-724. doi:10.1007/s40273-022-01161-7

Zheng, Z., Chen, H., Cai, H., and Zhu, H. (2024). First-line tislelizumab for advanced
or metastatic esophageal squamous cell carcinoma:A cost-effectiveness analysis. Expert
Rev. Pharmacoecon Outcomes Res. 24 (3), 397-404. doi:10.1080/14737167.2023.
2290609

Zheng, Z., Fang, L., Cai, H., and Zhu, H. (2023a). Cost-effectiveness analysis of
serplulimab as first-line treatment for advanced esophageal squamous cell carcinoma.
Immunotherapy 15 (13), 1045-1055. doi:10.2217/imt-2023-0059

Zheng, 7., Fang, L., Cai, H., and Zhu, H. (2023b). Economic evaluation of toripalimab
plus chemotherapy compared with chemotherapy as first-line treatment for advanced
esophageal squamous cell carcinoma in China. Expert Rev. Pharmacoecon Outcomes
Res. 23 (6), 683-690. doi:10.1080/14737167.2023.2206570

Zheng, Z., Lin, J., Zhu, H, and Cai, H. (2022). Cost-effectiveness analysis of
pembrolizumab plus chemotherapy vs. Chemotherapy alone as first-line treatment
in patients with esophageal squamous cell carcinoma and PD-L1 CPS of 10 or more.
Front. Public Health 10, 893387. doi:10.3389/fpubh.2022.893387

Zhu, H.,Ma, X, Ye, T., Wang, H., Wang, Z., Liu, Q,, et al. (2023). Esophageal cancer in
China: practice and research in the new era. Int. . Cancer 152 (9), 1741-1751. doi:10.
1002/ijc.34301

frontiersin.org


https://doi.org/10.3389/fpubh.2021.722927
https://doi.org/10.3389/fpubh.2021.722927
https://doi.org/10.2217/imt-2022-0080
https://doi.org/10.5761/atcs.oa.20-00294
https://doi.org/10.21037/atm-21-1803
https://data.yaozh.com/
https://doi.org/10.1001/jamanetworkopen.2022.25973
https://doi.org/10.1007/s40273-022-01161-7
https://doi.org/10.1080/14737167.2023.2290609
https://doi.org/10.1080/14737167.2023.2290609
https://doi.org/10.2217/imt-2023-0059
https://doi.org/10.1080/14737167.2023.2206570
https://doi.org/10.3389/fpubh.2022.893387
https://doi.org/10.1002/ijc.34301
https://doi.org/10.1002/ijc.34301
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1396761

	Sugemalimab combined with chemotherapy for the treatment of advanced esophageal squamous cell carcinoma: a cost-effectivene ...
	1 Introduction
	2 Methods
	2.1 Study design and data sources

	3 Population and intervention
	4 Clinical data collection procedures
	5 Cost sources and utility parameters
	6 Sensitivity analysis
	7 Results
	7.1 Cost-effectiveness outcomes

	8 Sensitivity analysis outcomes
	9 Discussion
	10 Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material 
	References


