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Abstract

Objective: The KEYNOTE-590 trial showed that individuals with advanced es-
ophageal cancer who received Pembrolizumab in combination with chemother-
apy as a first-line regimen achieved a significant extension of survival. However,
this treatment option increases the financial burden on patients and the economic
benefits remain to be further evaluated.

Methods: A Markov model was used to simulate 10-year survival of patients
with esophageal cancer from the perspective of United States (US) Medicare
payers. We evaluated the economics of Pembrolizumab plus chemotherapy
in the PD-L1 positive score (CPS >10) and any PD-L1 expression groups, re-
spectively. We estimated total costs, quality-adjusted life years (QALYs), and
calculated incremental cost effectiveness ratios (ICERs). Sensitivity analyses
were conducted to explore the impact of uncertainties on the results. Subgroup
analysis was also performed.

Results: The analysis results showed that the ICER for pembrolizumab plus
chemotherapy versus chemotherapy alone was $293,513.17/QALYs in the any
PD-L1 expression group. This exceeded the threshold of willingness to pay
($150,000/QALYs). ICERs were most sensitive to the cost of pembrolizumab and
the ICERs exceeded $150,000/QALYs in all subgroups.

Conclusions: Evidence suggests that first-line pembrolizumab in combination
with chemotherapy is not a cost-effective option for advanced esophageal cancer
in the US, regardless of PD-L1 expression status.
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1 | INTRODUCTION
Esophageal cancer is the eighth most common cancer globally
and its incidence continue to increase annually. In 2019, ap-
proximately 17,000 people in the United States were diagnosed
with esophageal cancer, accounting for nearly 1.0% of all new
cases worldwide."” Esophageal adenocarcinoma is the most
common histologic subtype in North America, and more men
than women are affected.” There are several risk factors for
esophageal cancer, including age and smoking. The risk fac-
tors for esophageal adenocarcinoma are somewhat different
from those for esophageal squamous cell carcinoma; in par-
ticular, gastroesophageal reflux (GERD), Barrett's esophagus
(BE), obesity, and alcohol are more independent risk factors
for esophageal adenocarcinoma.’ The current top-line drug
treatment intervention for patients with advanced, or recur-
rent esophageal cancer is fluorouracil plus platinum drugs;
however, some patients still have poor survival improvement
and present with further disease progression, and while drugs
such as doxorubicin and paclitaxel have been attempted in
such patients, the results remain unsatisfactory.*® This calls
for a new and effective treatment regimen for patients whose
disease course is still progressing after first-line chemotherapy.
Studies have confirmed that immune site inhibitors can en-
hance the anti-tumor activity of immune cells by blocking the
programmed cell death protein 1(PD-1) pathway, and combin-
ing chemotherapy with immune checkpoint inhibitors (ICIs)
is gradually becoming the preferred option for the treatment
of various cancers.”® In a phase 3 study (KEYNOTE-590), the
ICIplus chemotherapy for advanced esophageal cancer for
the first-line treatment showed better antitumor activity than
chemotherapy alone. This combination treatment regimen
significantly improved the prognosis and corresponding ob-
jective outcomes in patients with esophageal cancer.’”
Although some literatures have demonstrated that pem-
brolizumab combined with chemotherapy has a greater
therapeutic benefit than chemotherapy alone, it simulta-
neously carries a significant economic burden. Excessive
treatment costs may prompt patients to abandon optimal
treatment options; so, it is critical to strike a balance between
cost and efficacy. This study, which is based on a phase III
study (KEYNOTE-590), evaluated the cost-effectiveness
of pembrolizumab plus chemotherapy versus fluorouracil
plus platinum drugs as the first-line treatment for advanced
esophageal cancer.

2 | MATERIALS AND METHODS

2.1 | Population

The target cohort simulated by the model was assumed to
be the population studied in the phase III KEYNOTE-590
trial. PD-L1 expression was determined in all patients by
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immunohistochemistry. Patients were then divided into
three subgroups: a PD-L1 combined positive score>10
(CPS210) group, a CPS<10 group, and all randomized
patients group (any PD-L1 expression group). We per-
formed a cost effectiveness analysis of pembrolizumab
plus chemotherapy based on published survival data from
the KEYNOTE-590 trial for patients in the any PD-L1 ex-
pression group and the CPS>10 group.

2.2 | Model structure

In this study, efficacy and safety data for the pembroli-
zumab plus chemotherapy regimen were collected from
the KEYNOTE 590. A Markov model was built for the
long-term survival simulation of the target cohort. The
model consists of three independent states: progression-
free survival (PFS), progressive disease (PD), and death.
Details of the transfer between the various states of the
model were shown in Figure S1. The model was run from
the time individuals were randomly assigned to receive
treatment. All individuals received pembrolizumab plus
chemotherapy or chemotherapy in the PFS state, and as
the model was run, individuals who failed first-line treat-
ment were transferred to the PD state.'” Nearly half of
the patients received subsequent treatment (43.5% and
47.8% of patients in the intervention and control groups,
respectively). We set the model cycle to 21days to align
with the individual's dosing cycle. The model was run for
10years to simulate the entire life course of the target co-
hort (over 99% of individuals were observed to die).!* The
Markov model was programmed and run using Treeage
pro (version 2021). Referring to previous related studies,
the discount rate for cumulative costs and health outputs
was set at 3%.'? Primary study outcome was incremen-
tal cost-effectiveness ratio (ICER), which was defined as
the cost per additional quality-adjusted life year (QALY).
From the US healthcare payers' perspective, the willing-
ness to pay (WTP) threshold was assumed to be $150,000/
QALY." Comparing ICER to WTP thresholds to deter-
mine whether treatment options were cost-effective. The
study protocol was designed with reference to consoli-
dated health economic evaluation reporting standards
(CHEERS)."

2.3 | Clinical data

The Kaplan-Meier (KM) survival curves published in
the KEYNOTE-590 trial were assumed to be the ex-
pected efficacy data for the intervention regimen of this
study. The graphical digital extraction software Getdata
(version 2.26) was used to obtain the survival data for the
OS and PFS curves. Individual data at the virtual level
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were then generated using a program programmed with
R software (version 4.2.1). The program reproduced the
patient's clinical outcome data as closely as possible,
as disclosed in a previous study by Guyot et al."” The
generated virtual individual data were mathematically
fitted using parametric survival distributions includ-
ing exponential, log-logistic, log-normal, Weibull and
gamma.'® The flexsurv package in R software was used
to estimate.

The goodness of fit of the parameter survival distribu-
tion (The log-logistic distribution was considered to have
the best fit to the survival data). Model fits and survival
predictions were shown in Table S1 and Figure S2. The
probability of transfer was estimated based on two specific
parameters (shape and scale) of the log-logistic distribu-
tion. The formula for the transfer probability was obtained
from Liu et al.'’

2.4 | Utility estimates

Utility was used to measure quality of life across health
states, ranging from 0 (death) to 1 (full health). During
the follow-up, the KEYNOTE-590 trial used the European
Five-Dimensional Health Scale (EQ-5D-5L) to evaluate
the patients' health quality. Because patient utility data
from the KEYNOTE-590 trial were not available, model
inputs for utility were obtained from a previous study
evaluating the economics of esophageal cancer.'® The
utilities for PFS and PD states were 0.741 and 0.581, re-
spectively.'® The safety of the treatment regimen mainly
considers the loss of utility due to adverse events (AEs).
The main three AEs resulting from the treatment were se-
lected as model inputs for the treatment and intervention
groups, respectively.?**!

2.5 | Cost estimates

Our medical costs inputs included the cost of pembroli-
zumab and chemotherapy (5-fluorouracil and cisplatin),
AEs disposal costs, disease management costs, follow-
up costs, post-progression treatment costs, and labora-
tory testing costs. The drug prices were estimated to
drug unit prices published by the Centers of Medicare
Services in October 2021.%% Therefore, drug cost was the
unit price of the drug multiplied by the actual clinical
dose per treatment cycle. In the treatment plan of the
KEYNOTE-590 trial, patients received immunother-
apy (pembrolizumab, 200mg, intravenous injection)
with or without chemotherapy (cisplatin, 80 mg/m?;5-
fluorouracil, 800 mg/m?) once every three weeks. We

assumed that the average weight of a patient was 70kg
and that the average body surface area was 1.86m>>
Referring to a recently published article, we collected
the treatment costs per AEs incurred.?***"*® To simplify
the model, AEs were assumed to occur in the first cycle
of the model. The NCCN treatment guidelines (version
2021) stated that after progression on first-line treatment
with immunotherapy or chemotherapy, patients were
recommended to receive a combination chemotherapy
regimen of oxaliplatin plus fluorouracil.*” We assumed
that patients in the model were treated with this regi-
men for follow-up after failure of first-line therapy and
estimated the cost per cycle of therapy. The baseline val-
ues of cost were inflated according to the 2022 US con-
sumer price index.

2.6 | Sensitivity analyses

To quantify the effect of model input parameters on the
analysis results and to assess uncertainty, we performed
sensitivity analysis. The fluctuation ranges of the pa-
rameters analyzed were determined from previous liter-
ature. It is assumed that these parameters change within
+25% of the baseline value.” The baseline values, upper
and lower limits and distributions of the model input
parameters were shown in Table 1. We also performed
a probabilistic sensitivity analysis (PSA) to explore the
probability that pembrolizumab plus chemotherapy
was cost-effective across all model input parameter
variations. In the Monte Carlo simulation with 10,000
random samples, health utility, and AE incidence were
defined as beta distributions, and treatment-related
costs were defined as gamma distributions. The cost-
effectiveness acceptability curve (CEAC) was used to
explore the relationship between the likelihood of pem-
brolizumab plus chemotherapy being cost-effective and
the WTP threshold.

Based on the subgroup forest chart published in
the KEYNOTE-590 clinical trial, subgroup analysis
was conducted in any PD-L1 expression group. We as-
sumed that the baseline characteristics of each che-
motherapy subgroup were the same as that in the PFS
and OS curve of the total chemotherapy population,
and the OS and PFS rate of pembrolizumab plus che-
motherapy was estimated by subgroup-specific hazard
ratios (HRs).'*%*

In order to investigate the relationship between the
choice of model extrapolation method to the results of the
analysis, we used exponential, Weibull, and log-normal
parametric distributions to fit the KM survival curves of
the any PD-L1 expression group.
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TABLE 1 Model parameters: baseline values, ranges, and distributions for sensitivity analysis

Baseline value

Lower limit

Log-logistic survival model of pembrolizumab + chemotherapy in APE group

PFS y=1815 -
B =6.699

0s y=1.676 -
p=13.033

Log-logistic survival model of chemotherapy in APE group

PFS ¥ =2.089 -
p=4.825 -
oS y=1822 =
p=9.810 =

Drug cost, $/per cycle

Pembrolizumab 10567.72 7925.79

5-FU 4.58 3.44

Cisplatin 23.84 17.88

Second-line treatment 21.65 16.24

Follow-up cost per cycle 59.2 44.40

Laboratory per cycle 386.12 308.88

Administration per cycle 69.81 55.848
Expenditures on main SAEs, $/ per cycle

Pembrolizumab + 697.47 523.10

chemotherapy

Chemotherapy 806.23 604.67
Health utilities

PFS 0.741 0.593

PD 0.581 0.465
Disutility due to SAEs

Pembrolizumab + 0.042 0.032

chemotherapy
Chemotherapy 0.040 0.030
Death 0 =

Upper limit Distribution Reference

- - Model fitting

- - Model fitting
Model fitting

- - Model fitting

- - Model fitting

- - Model fitting

- - Model fitting

13209.65 Gamma CMS*

5.73 Gamma CMS*#

29.80 Gamma cMs*

32.48 Gamma NCCN guidelines?’

74.00 Gamma 2

463.33 Gamma 2

83.772 Gamma 2

897.84 Gamma 1924

1007.79 Gamma 228

0.889 Beta 18

0.697 Beta 18

0.053 Beta 2o

0.050 Beta

Abbreviations: APE, Any PD-L1 expression group; PD, Progressive disease; PFS, Progression-free survival; SAE, Severe adverse event.

3 | RESULTS

3.1 | Base-case analysis

Table 2 indicated that the incremental cost of pembroli-
zumab plus chemotherapy in the any PD-L1 expression
group was $164,876.52. The incremental health outputs
were 1.04 LYs and 0.56 QALYs. The ICER for pembroli-
zumab plus chemotherapy was $293,513.17 per QALY in
the any PD-L1 expression group. Additionally, the ICER
per QALY in the CPS>10 group was $294,000.03 per
QALY. The detailed analysis of the results is presented in
Table S4.

3.2 | Sensitivity analyses

The tornado diagram (Figure 1) showed the ranking of
the effects of uncertainty in the model input parameters.
The input parameters of each model were arranged in de-
scending order according to their influence on ICER, and
the degree of influence was represented by the width of the
bar chart. The analysis results demonstrated that in the
any PD-L1 expression group, the cost of pembrolizumab,
utility of PD, and PFS had the greatest influence on the
ICER. The price of pembrolizumab was among the most
influential factors; therefore, we performed a scenario
analysis about the price of pembrolizumab (Figure S4).
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TABLE 2 Base-case analysis results
Incr Incr ICER/
Strategies Cost Incr Cost LYs LYs ICER/ LYs QALYs QALYs QALYs
Chemotherapy 13991.31 0.66 0.45
Pembrolizumab + 178867.73 164876.42 1.71 1.04 159877.76 1.01 0.56 293513.17

Chemotherapy

Abbreviations: ICER, Incremental cost-effectiveness ratio; Incr Cost, Incremental cost; Incr Lys, Incremental life-years; Incr QALYs, Incremental Quality-

adjusted life-years; Lys, life-years; QALYs, Quality-adjusted life-years.

Tornado Diagram - ICER
Pembrolizumab+Chemotherapy vs. Chemotherapy
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When pembrolizumab cost was less than $4762.09
per cycle (or at 54.9% less the cost), the ICER would be
below $150,000 /per QALY. The results of the PSA were
explained by the incremental cost-benefit scatter chart
(Figure S5) and CEAC (Figure 2). Figure S5 indicated that
all the simulation points were above the WTP line, and
Figure 2 demonstrated that the probability of pembroli-
zumab plus chemotherapy being cost-effective was 0.4%
in all randomized patient groups. To find potential cost-
effective patient subgroups, we performed subgroup anal-
yses of the total population according to the survival rate
of patients in KEYNOTE-590 (Table S5). Unfortunately,
none of these subgroups was cost-effective.

The results of fitting and extrapolating the OS and PFS
curve data based on different parameter distributions are
presented in Table S6. The model results were influenced
to some extent by the choice of the extrapolation method
for the survival curves. Fitting with a Log-normal distribu-
tion yielded the smallest ICER of $286,855.65 per QALY.
However, the result was still not cost-effective.

4 | DISCUSSION

KEYNOTE-590 illustrates the significant clinical benefit
of pembrolizumab combined with chemotherapy, which
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is a breakthrough in the treatment of esophageal cancer.’
However, the financial expenses associated with long-
term immunotherapy exceeds the medical financial bur-
den that families with ordinary income can bear. How to
find a balance between cost and benefit is still an impor-
tant issue worth exploring.

In October 2016, the FDA approved pembrolizumab
monotherapy for metastatic NSCLC.*® However, many
patients cannot bear the financial burden imposed by im-
munotherapy (approximately $13,000 per month).* This
may discourage clinicians from administering immuno-
therapy, limiting its use to affluent populations. The in-
come level of patients is often used to determine the kind
of treatment administered.”> Due to the specific nature
of market licensing and medical reimbursement, the cost
of anticancer drugs may be an urgent issue in the United
States.>* Therefore, an evaluation of immunotherapy, such
as pembrolizumab, could help in avoiding the wastage of
healthcare resources. It could also guide physicians in se-
lecting the best treatment options for patients.

Previous literatures have researched the economics
of pembrolizumab in lung cancer patients.’*** However,
there still lacks an appropriate assessment of pembroli-
zumab for advanced esophageal cancer as the first-line
treatment. Therefore, the assessment of the cost and
health outcomes of pembrolizumab is necessary to assess
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FIGURE 2 Acceptability Curves
for the choice of pembrolizumab plus
chemotherapy versus chemotherapy at
different WTP thresholds in any
PD-L1 expression group. WTP,
willingness-to-pay.
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whether this drug has the potential for widespread dis-
semination and usage.

We established the model to evaluate the economics
of pembrolizumab combined with chemotherapy verus
chemotherapy according to KEYNOTE-590 in the per-
spective of US healthcare payers. Unfortunately, we only
obtained the data of the CPS>10 group and all randomized
patients through the KEYNOTE-590 trial. In our analysis,
pembrolizumab plus chemotherapy was not cost-effective
in both the CPS >10 group and in all randomized patient
groups. It is worth mentioning that the lack of economic
benefits cannot be the only factor affecting the clinical use
of pembrolizumab.*® Clinicians should seek a balance be-
tween drug toxicity, efficacy, and economic benefits, de-
spite the high cost of the new immunological drugs.

Reducing the cost of ICI, particularly pembrolizumab,
can effectively reduce the burden of disease on patients re-
ceiving treatment, which is an important discussion point.
We found that if the cost of pembrolizumab was reduced
by 54.9% or more, the ICER was below $150,000/QALY.
The efficacy of pembrolizumab plus chemotherapy varies
between different patient subgroups; however, these dif-
ferences cannot reverse the results of the cost-effectiveness
analysis. Changing the price of pembrolizumab was still
the most effective and feasible strategy to increase its eco-
nomic benefits. The findings from our study are useful for
local healthcare decision-makers and in resource alloca-
tion for esophageal cancer treatment.

Several studies have analyzed the cost-effectiveness
about pembrolizumab in esophageal cancer. Qu et al. in-
vestigated the pembrolizumab plus chemotherapy in pa-
tients with advanced esophageal cancer using a partitioned
survival model and showed that the ICER was $118,875/
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QALY.* They came to the conclusion that pembroli-
zumab would be cost-effective. Their research was differ-
ent in several respects: (1) they used a partitioned survival
model, which may make some differences; (2) they made
a 20% cost-sharing assumption; and (3) they modeled
utilities based on EuroQol-five dimension scale (EQ-5D)
data; however, this part of the data is difficult to obtain. In
addition, according to their study, the choice of different
extrapolation methods for overall survival may create sig-
nificant uncertainty in the results of the analysis. In our
study, we analyzed several distributions commonly used
in economic decision analysis; however, this only had lim-
ited impact on the ICER. Other PD-L1 inhibitors were also
less cost-effective than chemotherapy when treating the
esophageal cancer. In the analysis by Zhang et al, model
analysis based on nivolumab regimen results far exceeded
the WTP threshold in China ($136,709/QALY vs $29,306/
QALY).19 Therefore, for economic reasons, nivolumab
is not recommended as a second-line treatment option.
Overview, at current prices in the United States, PD-L1
inhibitors are not a recommended treatment for patients
with esophageal cancer.

5 | LIMITATIONS

Our study has limitations. First, we used a model to sim-
plify the KEYNOTE-590 clinical trial because of a lack of
sufficient data. Only major AEs were selected. Second,
due to the limited sample size of KEYNOTE-590 and the
insufficient follow-up time, and we could not obtain the
real follow-up data, we could only predict the survival of
patients in the later stage through the extrapolation of the
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model. Third, our PFS and PD utility were obtained from
previously published relevant literatures. Fourth, to sim-
plify the model, we only considered the major adverse ef-
fects and their cost impacts and utility changes, and the
specific data were referred to previous published articles.
Fifth, unfortunately, we did not find specific subsequent
therapy options according to KEYNOTE-590. We referred
to the guidelines and assumed that patients in the differ-
ent groups would receive the same subsequent therapy
after disease progression, which would have affected the
treatment effect in the two groups.

6 | CONCLUSION

From the US healthcare payers' perspective, compared
with chemotherapy and regardless of the PD-L1 expres-
sion status, pembrolizumab plus chemotherapy as the
first-line treatment in patients with locally advanced/
unresectable or metastatic esophageal cancer is not cost-
effective at a WTP threshold of $150,000/QALY.

AUTHOR CONTRIBUTIONS

Zhuo-miao Ye: Conceptualization (lead); data cura-
tion (lead); formal analysis (lead); investigation (lead);
methodology (lead); project administration (lead); writ-
ing - original draft (lead); writing — review and editing
(lead). Zhe Xu: Conceptualization (lead); data curation
(lead); formal analysis (lead); investigation (lead); meth-
odology (lead); project administration (lead); writing —
original draft (lead); writing - review and editing (lead).
Hao-lun Wang: Data curation (supporting); formal
analysis (supporting); methodology (supporting); pro-
ject administration (supporting); writing — original draft
(supporting). Ying-yuan Wang: Data curation (sup-
porting); investigation (supporting); methodology (sup-
porting); project administration (supporting). Ze-chang
Chen: Conceptualization (supporting); formal analysis
(supporting); investigation (supporting); methodol-
ogy (supporting); project administration (supporting).
Qin Zhou: Investigation (supporting); methodology
(supporting); project administration (supporting); soft-
ware (lead); supervision (supporting). Xiang-Ping Li:
Conceptualization (equal); funding acquisition (lead);
supervision (lead); validation (lead); visualization
(lead). Ying-ying Zhang: Conceptualization (equal);
funding acquisition (lead); validation (lead); visualiza-
tion (lead).

ACKNOWLEDGMENTS

This work was supported by the Hunan Natural Science
Foundation of China (No. 2019JJ40519) and (No.
2022]J30985).

CONFLICT OF INTEREST
The authors declare that they have no competing interests.

DATA AVAILABILITY STATEMENT

The datasets generated and analyzed during the present
study are available from the corresponding author on rea-
sonable request.

ETHICS APPROVAL AND CONSENT TO
PARTICIPATE
Not applicable.

PATIENT CONSENT FOR PUBLICATION
Not applicable.

ORCID

Zhuo-Miao Ye @ https://orcid.org/0000-0003-2983-5944
Xiang-Ping Li © https://orcid.org/0000-0002-5801-489X
REFERENCES

1. Then EO, Lopez M, Saleem S, et al. Esophageal cancer: an up-
dated surveillance epidemiology and end results database anal-
ysis. World J Oncol. 2020;11(2):55-64.

2. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal
A. Global cancer statistics 2018: GLOBOCAN estimates of inci-
dence and mortality worldwide for 36 cancers in 185 countries.
CA Cancer J Clin. 2018;68(6):394-424.

3. Fabian T, Leung A. Epidemiology of Barrett's esoph-
agus and esophageal carcinoma. Surg Clin North Am.
2021;101(3):381-389.

4. Kato K, Tahara M, Hironaka S, et al. A phase II study of pa-
clitaxel by weekly 1-h infusion for advanced or recurrent
esophageal cancer in patients who had previously received
platinum-based chemotherapy. Cancer Chemother Pharmacol.
2011;67(6):1265-1272.

5. Jimenez P, Pathak A, Phan AT. The role of taxanes in the
management of gastroesphageal cancer. J Gastrointest Oncol.
2011;2(4):240-249.

6. Muro K, Hamaguchi T, Ohtsu A, et al. A phase II study of
single-agent docetaxel in patients with metastatic esophageal
cancer. Ann Oncol. 2004;15(6):955-959.

7. Paz-Ares L, Dvorkin M, Chen Y, et al. Durvalumab plus
platinum-etoposide versus platinum-etoposide in first-line
treatment of extensive-stage small-cell lung cancer (CASPIAN):
a randomised, controlled, open-label, phase 3 trial. Lancet.
2019;394(10212):1929-1939.

8. Gandhi L, Rodriguez-Abreu D, Gadgeel S, et al. Pembrolizumab
plus chemotherapy in metastatic non-small-cell lung cancer. N
Engl J Med. 2018;378(22):2078-2092.

9. SunlJM, Shen L, Shah MA, et al. Pembrolizumab plus chemother-
apy versus chemotherapy alone for first-line treatment of advanced
oesophageal cancer (KEYNOTE-590): a randomised, placebo-
controlled, phase 3 study. Lancet. 2021;398(10302):759-771.

10. Ding D, Hu H, Li S, et al. Cost-effectiveness analysis of
durvalumab plus chemotherapy in the first-line treatment of
extensive-stage small cell lung cancer. J Natl Compr Canc Netw.
2021;jnccn20454.


https://orcid.org/0000-0003-2983-5944
https://orcid.org/0000-0003-2983-5944
https://orcid.org/0000-0002-5801-489X
https://orcid.org/0000-0002-5801-489X

YE ET AL.

.. 6189
Cancer Medicine “WI LEYJ—

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

She L, Hu H, Liao M, et al. Cost-effectiveness analysis of pem-
brolizumab versus chemotherapy as first-line treatment in lo-
cally advanced or metastatic non-small cell lung cancer with
PD-L1 tumor proportion score 1% or greater. Lung Cancer.
2019;138:88-94.

Sanders GD, Neumann PJ, Basu A, et al. Recommendations
for conduct, methodological practices, and reporting of cost-
effectiveness analyses: second panel on cost-effectiveness in
health and medicine. JAMA. 2016;316(10):1093-1103.

Lin S, Luo S, Gu D, et al. First-Line Durvalumab in Addition to
Etoposide and Platinum for Extensive-Stage Small Cell Lung
Cancer: A U.S.-Based Cost-Effectiveness Analysis. Oncologist.
2021;26(11):e2013-e2020.

Husereau D, Drummond M, Petrou S, et al. Consolidated
health economic evaluation reporting standards (CHEERS)-
-explanation and elaboration: a report of the ISPOR Health
Economic Evaluation Publication Guidelines Good Reporting
Practices Task Force. Value Health. 2013;16(2):231-250.

Guyot P, Ades AE, Ouwens MJ, Welton NJ. Enhanced second-
ary analysis of survival data: reconstructing the data from pub-
lished Kaplan-Meier survival curves. BMC Med Res Methodol.
2012;12:9.

Liu M, Zhang L, Huang Q, Li N, Zheng B, Cai H. Cost-
effectiveness analysis of ceritinib and alectinib versus crizo-
tinib in the treatment of anaplastic lymphoma kinase-positive
advanced non-small cell lung cancer. Cancer Manag Res.
2019;11:9195-9202.

Liu G, Kang S, Wang X, Shang F. Cost-effectiveness analysis of
atezolizumab versus chemotherapy as first-line treatment for
metastatic non-small-cell lung cancer with different PD-L1 ex-
pression status. Front Oncol. 2021;11:669195.

Nafees B, Stafford M, Gavriel S, Bhalla S, Watkins J. Health
state utilities for non small cell lung cancer. Health Qual Life
Outcomes. 2008;6:84.

Zhang PF, Xie D, Li Q. Cost-effectiveness analysis of nivolumab
in the second-line treatment for advanced esophageal squa-
mous cell carcinoma. Future Oncol. 2020;16(17):1189-1198.
Haddad R, Cohen EEW, Venkatachalam M, et al. Cost-
effectiveness analysis of nivolumab for the treatment of squa-
mous cell carcinoma of the head and neck in the United States.
J Med Econ. 2020;23(5):442-447.

Cai H, Xu B, Li N, Zheng B, Zheng Z, Liu M. Cost-effectiveness
analysis of camrelizumab versus chemotherapy as second-line
treatment of advanced or metastatic esophageal squamous cell
carcinoma. Front Pharmacol. 2021;12:732912.

Centers for Medicare & Medicaid Services 2021. https://www.
cms.gov/medicare/medicare-part-b-drug-average-sales-price/
2021-asp-drug-pricing-files.

Ward MC, Shah C, Adelstein DJ, et al. Cost-effectiveness of
nivolumab for recurrent or metastatic head and neck cancer.
Oral Oncol. 2017;74:49-55.

Courtney PT, Yip AT, Cherry DR, Salans MA, Kumar A, Murphy
JD. Cost-effectiveness of Nivolumab-Ipilimumab Combination
Therapy for the Treatment of Advanced Non-Small Cell Lung
Cancer. JAMA Netw Open. 2021;4(5):e218787.

Ding D, Hu H, Liao M, et al. Cost-effectiveness analysis of
atezolizumab plus chemotherapy in the first-line treatment of

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Open Access.

metastatic non-squamous non-small cell lung cancer. Adv Ther.
2020;37(5):2116-2126.

Weng X, Huang X, Li H, et al. First-line treatment with
atezolizumab plus nab-paclitaxel for advanced triple-negative
breast cancer: a cost-effectiveness analysis. Am J Clin Oncol.
2020;43(5):340-348.

NCCN Guidelines, Esophageal and Esophagogastric Junction
Cancers 2021. https://www.nccn.org/guidelines/guidelines
-detail.

Pei R, Shi Y, Lv S, et al. Nivolumab vs pembrolizumab for
treatment of US patients with platinum-refractory recurrent
or metastatic head and neck squamous cell carcinoma: a net-
work meta-analysis and cost-effectiveness analysis. JAMA Netw
Open. 2021;4(5):€218065.

Hoyle M, Green C, Thompson-Coon J, et al. Cost-effectiveness
of temsirolimus for first line treatment of advanced renal cell
carcinoma. Value Health. 2010;13(1):61-68.

Huang M, Lopes GL, Insinga RP, et al. Cost-effectiveness of
pembrolizumab versus chemotherapy as first-line treatment
in PD-L1-positive advanced non-small-cell lung cancer in the
USA. Immunotherapy. 2019;11(17):1463-1478.

Bradley CJ, Eguchi M, Perraillon MC. Factors associated with
use of high-cost agents for the treatment of metastatic non-
small cell lung cancer. J Natl Cancer Inst. 2020;112(8):802-809.

Elkin EB, Bach PB. Cancer's next frontier: addressing high and
increasing costs. JAMA. 2010;303(11):1086-1087.

Zhang Y, Hueser HC, Hernandez I. Comparing the approval
and coverage decisions of new oncology drugs in the United
States and other selected countries. J Manag Care Spec Pharm.
2017;23(2):247-254.

Sarfaty M, Hall PS, Chan KKW, et al. Cost-effectiveness of pem-
brolizumab in second-line advanced bladder cancer. Eur Urol.
2018;74(1):57-62.

Soto-Perez-de-Celis E, Aguiar PN, Cordéon ML, Chavarri-
Guerra Y, Lopes GL. Cost-effectiveness of cabozantinib in the
second-line treatment of advanced hepatocellular carcinoma. J
Natl Compr Canc Netw. 2019;17(6):669-675.

Qu TZY, Zhang S, Meng Y, Joo S, Shah S. Cost-effectiveness
of pembrolizumab plus platinum and fluoropyrimidine-based
chemotherapy as first-line treatment of advanced esophageal
cancer in the United States. Ann Oncol. 2021;32:S1059-S60.

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Ye Z-M, Xu Z, Wang
H-L, et al. Cost-effectiveness analysis of
pembrolizumab plus chemotherapy versus
chemotherapy as the first-line treatment for
advanced esophageal cancer. Cancer Med.
2023;12:6182-6189. doi: 10.1002/cam4.5350



https://www.cms.gov/medicare/medicare-part-b-drug-average-sales-price/2021-asp-drug-pricing-files
https://www.cms.gov/medicare/medicare-part-b-drug-average-sales-price/2021-asp-drug-pricing-files
https://www.cms.gov/medicare/medicare-part-b-drug-average-sales-price/2021-asp-drug-pricing-files
https://www.nccn.org/guidelines/guidelines-detail
https://www.nccn.org/guidelines/guidelines-detail
https://doi.org/10.1002/cam4.5350

	Cost-­effectiveness analysis of pembrolizumab plus chemotherapy versus chemotherapy as the first-­line treatment for advanced esophageal cancer
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Population
	2.2|Model structure
	2.3|Clinical data
	2.4|Utility estimates
	2.5|Cost estimates
	2.6|Sensitivity analyses

	3|RESULTS
	3.1|Base-­case analysis
	3.2|Sensitivity analyses

	4|DISCUSSION
	5|LIMITATIONS
	6|CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	PATIENT CONSENT FOR PUBLICATION
	REFERENCES


