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Background: This study aimed to evaluate the cost-effectiveness of camrelizumab versus chemotherapy
as second-line treatment for patients with advanced/metastatic esophageal squamous cell carcinoma (ESCC)
from the perspective of the Chinese healthcare system.

Methods: A trial-based Markov model was constructed using Excel to integrate clinical and economic
data in a hypothetical cohort of advanced/metastatic ESCC patients with a 5-year time horizon. Clinical
inputs were derived directly from the ESCORT trial INCT03099382). Weibull distribution was used to fit
transition probabilities extracted from the Kaplan-Meier curves. Cost inputs were estimated from the Beijing
Medicine Sunshine Purchasing official website, local charges, publications and expert opinions. Deterministic
and probabilistic sensitivity analyses were performed to test the robustness of the model results.

Results: At 5 years, camrelizumab had higher quality-adjusted life years (QALYs) (0.782 vs. 0.499) and
higher cost (US$31,537 vs. US$6,998) than chemotherapy. The incremental cost-effectiveness ratio (ICER)
was estimated to be US$86,745 per QALY gained. The two primary parameters upon which this result was
most sensitive were median overall survival of camrelizumab and camrelizumab cost. At a willingness-to-pay
threshold of three times per capita gross domestic product (US$30,094 per QALY gained), the probability of
camrelizumab being cost-effective was 33.7%.

Conclusions: Camrelizumab was not cost-effective as a second-line treatment for advanced/metastatic

ESCC patients in China compared with chemotherapy.
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Introduction

Esophageal cancer is the sixth leading cause of death
worldwide, accounting for more than half a million cancer
deaths in 2018 (1). Of the two main histologic subtypes of
esophageal cancer, esophageal squamous cell carcinoma
(ESCCQ) is the predominant subtype in China (2). According
to the Chinese National Central Cancer Registry, in 2015
ESCC was the fourth most diagnosed and fatal cancer in
China (3). Prior work suggests that most patients with
ESCC are not diagnosed at early stages and are therefore
prone to metastasis, resistance, and recurrence, which
contribute to its poor 5-year survival rate (4).

Due to diagnostic and therapeutic advancements in the
management of ESCC, its age-standardized 5-year survival
rate in China improved from 2003 to 2015 (5). However,
the long-term survival of patients with ESCC remains
low, and the disease still represents a substantial social and
economic burden on the Chinese healthcare system (6).
According to a prior disease burden study, the years of life
lost (YLLs) from esophageal cancer in 2017 were 312 per
100,000 population. Additionally, the ranking of ESCC
responsible for YLLs increased from 16" in 1990 to 11"
in 2017 (7). In China, the average medical expenditure
per esophageal cancer patient from 2002 to 2011 was
approximately US$5,471 and increased annually by 6.27%
during that period (8).

The routine first-line treatment for patients with
advanced or metastatic ESCC is chemotherapy (9), which
continues until there is evidence of disease progression
or intolerable toxicity. Single-agent chemotherapy such
as docetaxel or paclitaxel is the standard second-line
treatment (9,10). However, currently available second-line
chemotherapies for ESCC are associated with not only
a poor relative 5-year survival rate but also a significant
rate of toxicity, including neurotoxicity, hematotoxicity,
and gastrointestinal toxicity (11,12). Immune checkpoint
inhibitors have been proposed as an alternative second-line
regimen for patients with advanced or metastatic ESCC.
The ATTRACTION-3 and KEYNOTE-181 Phase III
trials reported that the use of immunotherapy as second-
line treatment resulted in improved overall survival and
lower rates of toxicity than conventional chemotherapy
(13,14). Another Phase III trial, ESCORT, was the first
randomized study in China that compared chemotherapy
with camrelizumab, a programmed cell death protein-1
(PD-1) inhibitor, and found that patients treated with
camrelizumab had improved overall survival and a better
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safety profile (15). Importantly, the proportion of grade 3
or worse treatment-related adverse reactions in this trial
was lower in the camrelizumab cohort than chemotherapy
(19% vs. 40%) (15). Despite the higher efficacy of the
drug, the price of camrelizumab is much higher than the
current standard of care, which may impose a substantial
financial burden on the national healthcare system. This is
particularly important consideration since camrelizumab
was approved by China’s National Medical Products
Administration (NMPA) in 2020. It is therefore essential
to perform an economic comparison of camrelizumab with
conventional chemotherapy as a second-line therapy for
advanced or metastatic ESCC to better understand the
relative costs of the health outcomes of the two treatments.

The objective of our study was to assess the cost-
effectiveness of camrelizumab compared with routine
chemotherapy as second-line management for advanced
or metastatic ESCC patients from the perspective of the
healthcare system in China.

We present the following article in accordance with the
CHEERS reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-1803).

Methods
Overview

The cost-effectiveness of camrelizumab compared with
chemotherapy as second-line therapy for advanced or
metastatic ESCC in the Chinese population was assessed
using an Excel-based (Microsoft, Redmond, WA, USA)
Markov model (16). Clinical data were obtained from
ESCORT (NCT03099382, March 2017), a multicentre,
randomized, open-label, phase III study of camrelizumab
(200 mg every 2 weeks) versus chemotherapy with docetaxel
(75 mg/m’ every 3 weeks) or irinotecan (180 mg/m’ every
2 weeks) that was performed at 43 Chinese hospitals (15).
We assumed that populated patients in the model had
a median age of 60, and that 80% of the patients had
an Eastern Cooperative Oncology Group (ECOG)
performance status equal to 1 or 0. The model was
constructed from the Chinese healthcare system perspective,
with a lifetime horizon defined as 5 years. A 5-year time
horizon was selected because nearly 100% of patients in
both study arms died by that timepoint according to a
simulation of two 1,000-patient cohorts (99.2% wvs. 100.0%
of camrelizumab and chemotherapy patients died at 5 years,
respectively). In accordance with the China guidelines for
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Figure 1 Model structure of camrelizumab and chemotherapy

treatments as second-line therapy for advanced or metastatic

esophageal squamous cell carcinoma.

pharmacoeconomic evaluations, costs and benefits were
discounted at an annual rate of 5% (17).

The primary outcome of this analysis was the incremental
cost—effectiveness ratio (ICER) of camrelizumab versus
chemotherapy. ICER was defined as the difference in the
cost of the two treatments divided by the difference in
their quality-adjusted life years (QALYs), where QALY
incorporated both length and quality of life into a single
metric. Incremental cost per life year (LY) gained was also
explored. The willingness-to-pay (WTP) threshold for
study purposes was set at three-times the gross domestic
product (GDP) per capita of China in 2019 (US$30,
094/QALY).

Patient pathway and model structure

A hypothetical cohort of patients with a histologic or
cytologic diagnosis of advanced or metastatic ESCC
who had progressed on or were intolerant to first-line
chemotherapy were randomly assigned to camrelizumab
or a second-line chemotherapy. Camrelizumab 200 mg
was administered intravenously over 30 minutes on
day 1 of each 14-day cycle. Patients with administered
chemotherapy were given either docetaxel 75 mg/m’ on day
1 of each 21-day cycle or irinotecan 180 mg/m’ on day 1 of
each 14-day cycle at the discretion of the ESCORT trial’s
investigator. Treatments were continued until the disease
progressed or intolerable toxicity was diagnosed. The
Markov process of this analysis included three health states:
progression-free survival (PFS), progressed disease (PD),
and death. All simulated patients were assumed to start in
the PFS state, and either stay in that same state or move to
another state in the next cycle. After disease progression,
post-discontinuation chemotherapy was adopted based

on the ESCORT trial study protocol. The cycle length of

© Annals of Translational Medicine. All rights reserved.

Page 3 of 10

the model was 21 days, which was used to adhere to the
treatment regimens of the ESCORT trial. All model data
were adjusted to this cycle length. Model structure is shown
in Figure 1.

Statistical analysis

Clinical data

Clinical inputs, including the clinical efficacy of
camrelizumab and chemotherapy, are presented in Table 1.
The incidence of adverse events for this analysis was
derived directly from the ESCORT trial. Adverse events
included asthenia, anaemia, decreased white blood cell
count, decreased appetite, diarrhea, decreased neutrophil
count, nausea, and vomiting. As individual patient data (IPD)
were not available, the GetData Graph Digitizer was used
to derive time and survival probabilities by digitizing the
Kaplan-Meier survival curves of PFS and overall survival
(OS) from the trial. The best fitting distribution model
was selected by the methods of both statistical tests (Akaike
information criterion and Bayesian information criterion)
and visual inspection. The Akaike information criterion
and Bayesian information criterion were calculated using
survival analyses with Stata (StataCorp LLC, College
Station, TX, USA). The lowest values from both estimators
were then selected (24). Akaike information criterion and
Bayesian information criterion calculations for different
distributions are presented in Table S1. The 2-parametric
Weibull distribution model was chosen to fit the data
extracted from the survival curves for PFS and OS (Table 1).
Results of the survival curve simulation are presented in
Figure 2. Transition probabilities were calculated using
the following formula: P(t)=1-exp[A(t-1)"-At'] where A
represented the scale of the distribution, v represented the
shape of the distribution, and t was the Markov cycle. The
mortality rate of the general population in China in 2019
was used as the transition probability of PFS to death (23).

Cost data

Direct medical costs were calculated from the Chinese
healthcare system perspective. This analysis included
the costs of camrezulimab and chemotherapy, follow-up
administration, post-discontinuation chemotherapy and
treatment-related adverse events grade 3 or worse. The price
of camrelizumab in China was US$2,802 per 200 mg. The
prices of routine chemotherapies and post-discontinuation
chemotherapy were derived from the cost database available
on the Beijing Medicine Sunshine Purchasing official
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Table 1 Key parameters for the Markov model

Parameter Value Range Distribution Source

Cost inputs per cycle (US$)

Chemotherapy 678 542-813 Gamma Beijing Medicine Sunshine Purchasing Official Website (18)
Camrelizumab 4,203 970-4,203 Gamma Local Charge
Follow-up administration 48 38-57 Gamma Expert Opinion
Post-discontinuation chemotherapy 354 283-425 Gamma Beijing Medicine Sunshine Purchasing Official Website (18)

Grade 3 or worse treatment-related adverse events

Asthenia 115 92-138 Gamma Chongging et al. (19)
Anaemia 531 425-638 Gamma Wu et al. (20)
Decreased white blood cell count 466 373-559 Gamma Gu et al. (21)
Decreased appetite 115 92-138 Gamma Chongging et al. (19)
Diarrhoea 303 242-363 Gamma Expert Opinion
Decreased neutrophil count 354 283-425 Gamma Expert Opinion
Nausea 71 57-85 Gamma Expert Opinion
Vomiting 71 57-85 Gamma Expert Opinion
Utility
PFS 0.74 0.59-0.89 Beta Al-Batran et al. (22)
PD 0.56 0.45-0.67 Beta Al-Batran et al. (22)
Clinical data

Parameters of Weibull models

Camrelizumab PFS 2=0.15 - Fixed in PSA The Weibull model
y=1.01 - Fixed in PSA The Weibull model
Chemotherapy PFS 1=0.09 - Fixed in PSA The Weibull model
vy=1.64 - Fixed in PSA The Weibull model
Camrelizumab OS 1=0.04 - Fixed in PSA The Weibull model
y=1.11 - Fixed in PSA The Weibull model
Chemotherapy OS 1=0.04 - Fixed in PSA The Weibull model
vy=1.28 - Fixed in PSA The Weibull model
Others

Discount rate

Cost 5% 0-8% Fixed in PSA  China guidelines for pharmacoeconomic evaluations (17)
QALY 5% 0-8% Fixed in PSA  China guidelines for pharmacoeconomic evaluations (17)
Age-adjusted death rates in China  7.14%. 5.72-8.57%. Fixed in PSA National Bureau of Statistics of China (23)
in 2019

A represents the scale of the distribution of Weibull survival model; y represents the shape of the distribution of Weibull survival model.
QALY, quality-adjusted life year; PFS, progression-free survival; PD, progressed disease; OS, overall survival; PSA, probabilistic sensitivity
analysis.
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Figure 2 Estimated Weibull survival curves for progression-free survival and overall survival derived from the ESCORT trial.

website (18). A body surface area of 1.72 m’, with a typical
weight of 65 kg and a height of 1.64 m were used to calculate
chemotherapy drug doses (25). Follow-up administration
components were derived from the guidelines of the
Chinese Society of Clinical Oncology, including CT scans
of the chest and abdomen, gastroscopy, ultrasound of the
neck, and upper digestive tract radiography (26). Follow-
up administration costs were then estimated by oncology
experts. The costs of treating included treatment-related
adverse events were derived from published literature or
expert opinion (19-21). All costs of one cycle were inflated to
match 2020 price and were presented in US dollars (7able I).

Health state utilities

Health state utility (HSU) values were obtained from
published literature and are shown in 7able 1. The estimated
HSU values were 0.74 for PES (22), 0.56 for PD (22), and
0 for death.

Sensitivity analysis

Sensitivity analyses were performed to investigate the
robustness of the model. In the deterministic sensitivity
analysis, key parameters were varied to assess their impact
on ICER. As drug price negotiation occurs yearly in China,
the cost of camrelizumab varied by —76.92%, meaning that
the lowest price of camrelizumab per cycle was US$970.
This took into consideration the average discount of a
branded drug based on the previously negotiated price
on the National Reimbursement Drug List (NRDL) in
China and the current Patient Assistance Program (PAP)
cost of camrelizumab. Discount rates for both clinical and
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cost inputs varied from 0 to 8%. Probabilistic sensitivity
analysis was performed to assess the impact of uncertainty
on model inputs using a Monte-Carlo simulation with 1,000
iterations. Results were presented as cost-effectiveness plane
and cost-effectiveness acceptability curves. The ranges and
parametric distributions of the included parameters are
shown in Table 1.

Ethical statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study was
based on mathematical modeling and therefore no ethical
approval was required by the ethics committee.

Results
Base-case analysis results

The base-case analysis over a lifetime horizon of 5 years
showed that patients treated with camrelizumab had 1.35 LYs
and 0.782 QALYs at a total cost of US$31,537. Patients
treated with chemotherapy had 0.85 LYs and 0.499 QALYs
at a total cost of US$6,998. Camrelizumab therefore added
an additional 0.50 LYs and 0.283 QALYs at an added cost of
US$24,539 compared with chemotherapy. The ICER was
estimated to be US$49,078 per LY gained and US$86,745
per QALY gained (Table 2). Based on the ICER estimates,
the camrelizumab treatment regimen was not cost-effective
in China at a WTP threshold of three times per capita
GDP (US$30,094). Using the same WTP threshold,
camrelizumab would be cost-effective compared with
chemotherapy at a price of US$1,032/200 mg.

Ann Transl Med 2021;9(15):1226 | https://dx.doi.org/10.21037/atm-21-1803



Page 6 of 10

Yang et al. Pharmacoeconomics of camrelizumab for esophageal cancer

Table 2 Base-case life years, QALY and costs of camrelizumab versus chemotherapy at a lifetime horizon of 5-years

Parameter Camrelizumab Chemotherapy Incremental
LY 1.35 0.85 0.50

QALY 0.782 0.499 0.283

Cost US$31,537 US$6,998 US$24,539
Cost per LY gained - - US$49,078
Cost per QALY gained - - US$86,745
LY, life year; QALY, quality-adjusted life year.
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Figure 3 Deterministic sensitivity analysis tornado diagram of the top 10 most influential parameters.

Sensitivity analysis results

Deterministic sensitivity analysis

The top 10 parameters that most strongly influenced the
deterministic sensitivity analysis are presented as a tornado
diagram in Figure 3. An ICER of US$86,745/QALY was
used as the baseline values for the tornado diagram. The
median OS of camrelizumab and the cost of camrelizumab
were the most impactful parameters on the model results.
The median OS of chemotherapy, the utility of PD,
the utility of PFS, the median PFS of camrelizumab,
the discount rate of outcome, and the median PFS of
chemotherapy had a moderate impact on the model results.
Changes in other parameters, such as the discount rate of
cost and the cost of chemotherapy, had a minor influence
on the robustness of the model’s results.

Probabilistic sensitivity analysis

The results of the probabilistic sensitivity analysis are
summarized as a scatterplot and a cost-effectiveness
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acceptability curve. As the WTP threshold was set at
US$30,094 per QALY gained, the probability of camrelizamab
being cost-effective was only 33.7% (Figure 4). According
to the cost-effectiveness acceptability curve (Figure 5),
camrelizumab was not cost-effective compared with
chemotherapy unless the WTP increased to at least
US$53,500.

Discussion

The present work was a trial-based cost-effectiveness
analysis of camrelizumab versus chemotherapy as a
second-line treatment of advanced or metastatic ESCC
for Chinese patients utilizing clinical inputs from the
ESCORT trial, a randomized, open-label, phase III
study conducted at 43 hospitals in China. The results
of this study showed that the ICER for camrelizumab
versus chemotherapy was US$86,745 per QALY gained,
suggesting that camrelizumab was not a cost-effective

Ann Transl Med 2021;9(15):1226 | https://dx.doi.org/10.21037/atm-21-1803
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Figure 4 Scatterplot of the incremental cost—effectiveness ratio of

camrelizumab vs. chemotherapy.

treatment option compared with routine chemotherapy
from the Chinese healthcare system perspective. ESCC is
the fourth most common cause of cancer-related death in
the Chinese population, which used to have few second-
line treatment options for patients with advanced or
metastatic ESCC (27). The study findings of this work can
provide Chinese decision makers with a price negotiation
tool for camrelizumab, which is clinically useful but
economically unreasonable at its current price.

This study is the first cost-effectiveness analysis of
camrelizumab in the Chinese population, as few works
have examined the economic impact of treatment options
for ESCC. A majority of previously published studies on
ESCC focused on diagnostic and therapeutic strategies,
such as endoscopic screening, esophagectomy, neoadjuvant
chemoradiotherapy followed by surgery or chemoradiation
followed by esophagectomy (28-31). One study evaluated
the cost-effectiveness of nivolumab, another PD-1 inhibitor
that has been approved and recommended as treatment for
advanced or metastatic ESCC in China. This multinational
trial-based study from the Chinese society perspective
found that nivolumab was not a cost-effective option
as a second-line treatment for advanced or refractory
ESCC compared with chemotherapy as the ICER was
US$136,709.35 per QALY gained (32). This finding is
consistent with the base-case result of the present study
where the ICER was US$86,745 per QALY gained when
comparing camrelizumab with chemotherapy. The prices
of PD-1 inhibitors in China are substantially higher than
those of conventional chemotherapy (US$2,802/200 mg for
camrelizamab and US$1,399/100 mg for nivolumab (32)
versus US$678/cycle for chemotherapy). This study also
found that the major parameters that influenced the model
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results were the duration of PFS in nivolumab group and
the cost of nivolumab, which were similar to the one-way
sensitivity analysis findings of the present work. Compared
with chemotherapy, camrelizumab is not cost-effective at
the price of US$2,802/200 mg, but would become cost-
effective at the price of US$1,032/200 mg. This study
provides critical information to Chinese decision makers
as they negotiate the price of camrelizumab. Lowering the
price of this PD-1 inhibitor could help improve patient
access to a treatment with a better safety profile and longer
overall survival rates than conventional chemotherapies.

As cited in the 2019 China Guidelines for
Pharmacoeconomic Evaluations (17), the threshold value
of a QALY was set at three times the GDP per capita,
which was US$30,094. The probabilistic sensitivity analysis
showed that at this threshold, the camrelizumab group
was cost-effective in 33.7% of simulations. The ICER for
the camrelizumab groups was greater than the thresholds
recommended by richer developed countries, such as
the £20,000-30,000 per QALY gained proposed by the
United Kingdom National Institute for Health and Care
Excellence (NICE) (33). If the prices of camrelizumab and
chemotherapy are maintained, it is likely that camrelizumab
will not be deemed cost-effective as second-line therapy
for patients with advanced or metastatic ESCC in other
countries as well.

The results of the ESCORT trial suggested that
camrelizumab as a second-line therapy prolonged the
overall survival of patients with advanced or metastatic
ESCC compared with conventional chemotherapy as
assigned by the physician (15). In the deterministic
sensitivity analysis performed in this present study, the
median OS of camrelizumab, had the highest impact on
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ICER. To obtain a lower ICER value, it is important for
the physician to match the immunotherapy with suitable
patients based on the likelihood of treatment efficacy. The
findings of the ESCORT trial and the AT TRACTION-3
study also suggest that future studies are needed to
confirm the association between PD-1 expression and
patient benefit, and to identify other predictive biomarkers
suggestive of the clinical utility of PD-1 inhibitors (13,15).

From a policy standpoint, the findings of the present
work suggest that the price of camrelizumab needs to be
adjusted downward to reduce the financial burden on the
healthcare system and to provide more value to Chinese
patients. The deterministic sensitivity analysis revealed that
the cost of camrelizumab was the second most influential
parameter on ICER. Camrelizumab’s manufacturer has
a conditional patient assistant program that is designed
to support a particular group of ESCC patients in China,
which means there is the potential for a price reduction. In
China, the yearly price negotiation period is the primary
way for a novel drug to be included on the reimbursement
list, and the 2019 negotiation resulted in an average fall
in drug price of over 60% (34). There are more than
700 medications on the waiting list for addition to the
national reimbursement drug list, which may lead to fierce
competition for insurance access. Reduced drug pricing to
minimize budgetary impact will be key elements considered
by the government.

This study has several strengths. First, it is the first cost-
effectiveness analysis of camrelizumab versus standard
chemotherapy in China, as well as the first economic evaluation
of a PD-1 inhibitor for ESCC that utilizes a Chinese-based
trial. The results of this analysis could therefore be taken
into consideration by the National Healthcare Security
Administration in the upcoming annual price negotiation
of the NRDL. As this analysis was based on the China-
based clinical trial, its findings are applicable to the Chinese
healthcare system. This study also has some limitations. First,
the utility of camrelizumab that was used in this study was
derived from works that included European patients, and
therefore may be different in the Chinese population. Second,
camrelizumab was approved in China in June 2020 and has
limited real-world data. Future economic evaluations should
be performed using real-world evidence following the broader
adoption of camrelizumab in the treatment of ESCC. Despite
these limitations, this study can equip Chinese decision makers
with improved health economic knowledge of camrelizumab
as a potential second-line treatment regimen for advanced or
metastatic ESCC in China.
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Conclusions

A trial-based Markov model was constructed to integrate
clinical and economic data in a hypothetical cohort of
advanced or metastatic ESCC patients with a 5-year time
horizon. This cost-effectiveness analysis indicated that the
use of camrelizumab as a second-line treatment regimen for
advanced or metastatic ESCC patients is not a cost-effective
option compared with routine chemotherapy from the
perspective of Chinese healthcare system.
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Supplementary

Table S1 Akaike information criterion and Bayesian information criterion values at different data distributions

oS PFS
Distribution
AIC BIC AIC BIC
Weibull 1,260.24 1,272.64 1,199.67 1,211.99
Exponential 1,274.69 1,282.89 1,225.84 1,234.05

AIC, Akaike information criterion; BIC, Bayesian information criterion; OS, overall survival; PFS, progression free survival.
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