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Aim: This study aimed to evaluate the cost-effectiveness of pembrolizumab compared with that of
chemotherapy in the second-line treatment of locally advanced or metastatic esophageal squamous cell
carcinoma (ESCC) patients with a combined positive score >10. Methods: A Markov model was established
to compare the lifetime costs and quality-adjusted life years (QALYs) of different treatment options.
Sensitivity analysis was performed to test the stability of the model. Results: The increased utility and
cost of pembrolizumab were 0.442 QALYs and US$11,826.79 compared with those of chemotherapy. The
incremental cost—effectiveness ratio was US$26,757.45/QALY, which was less than the threshold of three-
times the GDP per capita. The prices of paclitaxel and pembrolizumab were the most important influencing
factors. Conclusion: Pembrolizumab is a cost-effective second-line treatment of ESCC.
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Esophageal cancer is one of the most common malignant gastrointestinal tumors. In 2018, esophageal cancer
ranked seventh in the incidence of malignant tumors and sixth in deaths in the world [1]. Esophageal squamous cell
carcinoma (ESCC) is the main subtype of esophageal cancer in the Asian population. ESCC in China accounts for
more than half of the global ESCC (2. Chemotherapy is a common first-line treatment for patients with advanced
or metastatic ESCC. For patients who progress after the first-line treatment, previous single-agent chemotherapy
methods, such as docetaxel or paclitaxel, cause various problems, such as low benefit, short survival and poor
prognosis (3]. The emergence of immune checkpoint inhibitors has made a new breakthrough in the second-line
treatment of patients with advanced esophageal cancer. The guidelines recommends immunotherapy as the standard
treatment plan for the second-line treatment of advanced esophageal cancer. The National Medical Products
Administration of China and US FDA approved pembrolizumab for patients with recurrent, locally advanced or
metastatic ESCC whose tumors express PD-L1 (combined positive score [CPS] >10) (4,5]. The KEYNOTE-181
trial (35.4% of patients had PD-L1 CPS >10) confirmed that pembrolizumab can significantly improve metastatic
ESCC that has received a systemic treatment in the past compared with that of standard chemotherapy (6.

Although pembrolizumab improves survival, studies have yet to clarify whether its relatively high price is
economical and whether it brings additional socioeconomic burdens. Therefore, pembrolizumab treatment for
patients who are refractory to ESCC or cannot tolerate first-line chemotherapy should be economically evaluated.
This study compared the cost—effectiveness of pembrolizumab and chemotherapy for ESCC from the perspective
of China’s health service system.
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Figure 1. Markov model of esophageal squamous cell carcinoma.
CPS: Combined positive score; M: Markov cycle.

Methods

Model structure

The hypothetical target population of this study included patients who suffered from programmed death receptor-
ligand 1 (PD-L1)-positive (CPS >10) ESCC and progress after first-line systemic therapy. The Markov model
was established on the basis of the disease outcome of ESCC. The model had three health states: progression-free
disease (PFD), progressed disease (PD) and death. All the patients initially entered the study with PFD. In each
Markov cycle, patients could maintain a certain health state or develop another health state (Figure 1). The model
period was set to 21 days, and the time horizon was set to 10 years, which could fully cover the patient’s full life
cycle. The main measurement indicators of the study were the total cost and quality-adjusted life years (QALYs),
which are discounted at a rate of 5% per year [7]. Incremental cost—effectiveness ratio (ICER) is the increased
cost for each additional QALY: ICER = (total cost of the pembrolizumab group — the total cost of chemotherapy
group) / (pembrolizumab group QALYs — chemotherapy group QALYs). Considering the chosen threshold is
pembrolizumab cost effective, 3 times the national per capita GDP in 2019 (US$10,278.08) was used as the
willingness-to-pay (WTP) threshold (7-9]. The model was built and statistical analysis was conducted using the
TreeAge Pro 2020 software package.

Clinical data

The clinical efficacy and safety data of the second-line treatment for ESCC were mainly from the KEYNOTE-
181 clinical trial (6. The patients received 200 mg of pembrolizumab (once every 3 weeks for no more than
2 years) or any of the following chemotherapy regimens: 90 mg/m? paclitaxel (80—100 mg/m?, one cycle every
4 weeks on days 1, 8 and 15); 75 mg/m? docetaxel (once every 3 weeks); or 180 mg/m? irinotecan (once every
2 weeks) until the disease progressed or tolerable toxicity appeared. Among the Chinese patients with ESCC, the
pembrolizumab and chemotherapy groups had median overall survival (OS) of 12 and 5.4 months, respectively [6,10].
The pembrolizumab and chemotherapy groups had median progression-free survival (PES) of 3.4 and 4.0 months,
respectively [6,10). The transition probability between states was assumed as a fixed value, and the median PFS and
median OS of the two treatment groups were extracted and calculated with the following formula: P = 1 - ¢™ and
r =-In(1 - P) / t (11-14). The transition probability was shown in Table 1.

Cost & utility

The cost mainly includes drug cost, follow-up cost, treatment cost for adverse events above grade three and best
supportive care cost. To fully reflect the impact of drug prices on results, the drug prices were taken as the median
value of the prices in each province, and sensitivity analysis was performed on the lowest and highest values of prices
in each province [15]. In the KEYNOTE-181 clinical trial, the proportion of patients receiving specific chemotherapy
regimens is unclear. This study assumes that patients have the same opportunity to receive paclitaxel, docetaxel and
irinotecan. The average body surface area of patients included in the model was 1.72 m? (1.5-1.9 m?) (16]. The
China Primary Health Care Fund implemented a new assistance program for pembrolizumab on 1 January 2021
— that is, patients could receive two courses of assistance after two courses of treatment, and after another two
courses of treatment, patients could continue to receive assistance until the disease progresses, with a cumulative
period of no more than 24 months [(17]. The cost related to the treatment of adverse events was calculated by
multiplying the incidence of adverse events above grade three by the cost of handling each adverse event [18,19]. The
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Table 1. Transition probability.

Value Lower limit Upper limit

Pembrolizumab group

Ppep-pD 0.1330 0.1064 0.1596
PpeD-death 0.0001 0.0001 0.0001
Ppp-death 0.0549 0.0439 0.0659
Ppp-pD 0.9451 0.7561 1.0000
Chemotherapy group

Ppep-pD 0.1142 0.0914 0.1370
PpED-death 0.0002 0.0002 0.0002
Ppp-death 0.2929 0.2343 0.3515
Ppp-pD 0.7071 0.5657 0.8485

P: Probability; PD: Progressed disease; PFD: Progression-free disease.

Table 2. Model parameters.

Variable Baseline value Range Ref.
Minimum Maximum

Cost (US$)
Pembrolizumab per mg 25.98 12.99 25.98 [15]
Paclitaxel per mg 0.72 0.04 8.48 [15]
Docetaxel per mg 0.13 1.77 14.95 [15]
Irinotecan per mg 0.44 1.64 4.65 [15]
Follow-up visit per cycle 49.41 43.18 56.04 [21]
Best supportive care per cycle 16.98 4.68 46.77 [21]
Adverse event for leukopenia per unit 447.08 0.00 1371.30 [21]
Adverse event for anemia per cycle 487.72 365.73 609.51 [24]

Utility
PFD 0.741 0.593 0.889 [20,21]
PD 0.581 0.465 0.697 [20,21]
Adverse event 0.280 0.210 0.350 [25]

PD: Progressed disease; PFD: Progression-free disease.

incidences of adverse events above grade three in the pembrolizumab and chemotherapy groups were 18.20 and
40.90%, respectively [6]. All cost units were converted to US dollars with an average renminbi (RMB) exchange
rate of US$1 to 6.8974 yuan for the full year of 2020.

Utility values for the PFD and PD health states were taken from EQ-5D data from a global, randomized, placebo-
controlled, double-blind phase three study, which recruited adults with advanced gastric cancer or gastroesophageal
junction adenocarcinoma [20,21]. The study considered the impact of adverse events on the utility value of PFD,
including grade three/four adverse events of leukopenia and anemia [22]. The incidences of leukopenia and anemia in
the pembrolizumab group were 0 and 1.3%, respectively; in the chemotherapy group, the incidences of leukopenia
and anemia were 10.1 and 7.8%, respectively (6]. The utility value and transition probability parameters conform to
P distribution, and the cost parameters conform to y distribution [23]. The cost and utility were shown in Table 2.

Sensitivity analysis

One-way sensitivity analysis was performed to determine the influence of different parameters on ICER when
changing within a certain range, and the results were presented in the form of a tornado diagram. The upper and
lower limits of the 95% CI of the parameter value were derived from the literature. For some data that could
not reach the 95% CI, the value of the parameter was floated by £25% on the basis value. In the probability
sensitivity analysis, the parameters were set as random variables with specific distribution, and 10,000 Monte Carlo
simulation was used to run the model to evaluate the overall robustness of the research results. Due to the high cost
of pembrolizumab, its price fluctuates 50% downward in the value range.
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Figure 2. Tornado diagram of one-way sensitivity analyses.
PD: Progressed disease; PFD: Progression-free disease; SAE: Serious adverse event.

Results

Basic analysis

In the life cycle set by the model, the pembrolizumab group received 0.861 QALYs, and the medical expenses were
US$16,634.76; the chemotherapy group received 0.419 QALYs, and the medical expenses were US$4807.97. The
ICER was US$26,757.45/QALY. When the WTP threshold was US$30,834.23/QALY, pembrolizumab was a

more cost-effective treatment strategy than chemotherapy.

Sensitivity analysis

One-way sensitivity analysis showed that the prices of paclitaxel and pembrolizumab were the most sensitive model
parameters (Figure 2). Other parameters that affected the results of the model included the price of docetaxel, the
price of irinotecan, the utility value of PD and the discount rate, but the parameter did not change the results. Under
the WTP threshold of US$30,834.23/QALY, the cost-effective probabilities of pembrolizumab and chemotherapy
groups were 65.3 and 34.7%, respectively (Figure 3).

Discussion

ESCC is one of the most common malignant tumors in the world. The prognosis after the first-line treatment
is poor, and treatment options are limited. KEYNOTE-181 clinical trials have shown that pembrolizumab can
significantly prolong the OS of patients who suffer from ESCC and advanced or metastatic tumors expressing PD-
L1 (CPS >10) and previously received treatment, thereby providing these patients with a new option for second-
line treatment [6]. This study explored the cost-effectiveness of pembrolizumab. The ICER of pembrolizumab is
US$26,757.45/QALY compared with that of chemotherapy. The price of the drug is the most important factor.
Pembrolizumab is a cost—effective treatment strategy in cities with a GDP per capita of US$8919.01.

The price of immune checkpoint inhibitors is generally high. For some tumors, it can significantly improve
the survival rate and quality of life, but long-term use may greatly increase medical expenditures. Therefore, the
economics of immune checkpoint inhibitors should be evaluated from the perspective of pharmacoeconomics.
However, current economic research on immune checkpoint inhibitors for the treatment of esophageal cancer is
limited. In a recent study, a model was established to compare the cost—effectiveness of nivolumab and chemotherapy
from the perspective of the Chinese society. Nivolumab increased by 0.107 QALYs and US$14,627.90 compared
with that of chemotherapy, and ICER was US$136,709.35/QALY; with a threshold of US$29,306.43/QALY,

nivolumab may not have a cost-effective advantage [21]. In contrast to previous studies, our study evaluated
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Figure 3. Probabilistic sensitivity analyses. (A) Cost—effectiveness acceptability curves. (B) Scatter plot.
QALY: Quality-adjusted life year.

the economics of pembrolizumab in the treatment of ESSC through Markov modeling combined with clinical
evidence for the first time. The different conclusions of the two studies are mainly due to different efficacy and
safety of different immune checkpoint inhibitors, and different research perspectives. These reasons may explain
the inconsistencies of the two studies.

One-way sensitivity analysis shows that drug price was the most important parameter that affects the model.
The main types of paclitaxel commonly used clinically are injectable, liposomal and albumin-bound paclitaxel,
and the price difference is large. The price of the different types of paclitaxel was fully considered in one-way
sensitivity analysis to avoid the influence of paclitaxel type selection on the results, so the price of paclitaxel had
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become the most important parameter in the model. The model was also sensitive to the price of pembrolizumab.
On one hand, the price of pembrolizumab was expensive. On the other hand, to avoid the economic result of
pembrolizumab’s sharp price reduction in the future, the range of drug price was expanded in sensitivity analysis.
All the parameters change within the set range and do not affect the results of the model. Probabilistic sensitivity
analysis reveals that the probability of pembrolizumab being economical is 65.3% under the payment threshold of
three-times the GDP per capita in China. This probability increases to a greater extent as China’s per capita GDP
increases.

This study has some shortcomings. First, the validity of the model is mainly based on the KEYNOTE-181 trial (],
and the bias in the trial affects the results of the model. However, KEYNOTE-181 is the only multicenter phase
three clinical trial that explores pembrolizumab in the treatment of ESSC. It is also the best source of clinical data
available. Therefore, a model based on the data of the KEYNOTE-181 study can be used to minimize the bias based
on the existing evidence. Second, ignoring grade 1-2 adverse reactions in cost and utility may reduce the reliability of
the results, but one-way sensitivity analysis shows that results are not sensitive to the relevant parameters of adverse
reactions. Third, transition probability changes with time, and the model assumes that the transition probability is
fixed. In this study, the transition probability is set to § distribution for probability sensitivity analysis to reduce the
influence of the fixed transition probability. Fourth, this study fails to compare the economics of pembrolizumab
with other treatment options because of the lack of clinical trials for head-to-head comparisons. Fifth, there are
no local data reflecting the proportion of Chinese patients using a different chemo regimen. The model assumes
that patients have the same opportunity to receive a different chemo regimen. Despite these limitations, sensitivity
analysis showed that the parameters did not affect the economic results. Each parameter in the model did not affect
the final result.

Conclusion

In summary, pembrolizumab has more cost advantages than chemotherapy in the second-line treatment strategy
for ESCC.

Summary points

e This study tested the cost-effectiveness of pembrolizumab for the second-line treatment of locally advanced or
metastatic esophageal squamous cell carcinoma in China.

e The cost—effectiveness analysis suggested that pembrolizumab is a cost-effective second-line treatment of
esophageal squamous cell carcinoma.
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