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Background and objective: The EV-302 trial found that the combination of
enfortumab vedotin (EV) with pembrolizumab significantly improved survival for
patients with metastatic urothelial carcinoma (mUC). However, given the high
cost of the drugs, there is a need to assess its value by considering both efficacy
and cost. This study assessed the cost-effectiveness of EV plus pembrolizumab as
a first-line treatment for patients with mUC from the perspective of U.S. payers.

Methods: A Markov model was developed to compare the lifetime costs and
effectiveness of EV in combination with pembrolizumab with chemotherapy in
the treatment of mUC patients from U.S. payer perspective. Life-years (LYs),
quality-adjusted LYs (QALYs), and lifetime costs were estimated. One-way, two-
way and probabilistic sensitivity analyses were conducted to evaluate model
uncertainty. Additionally, subgroup analyses were performed.

Results: Compared to chemotherapy, the combination of EV and
pembrolizumab provided an additional 2.10 LYs and 1.72 QALYs, at an
incremental cost of $962,240.8 per patient. The incremental cost-effectiveness
ratio (ICER) is $558,973 per QALY. Subgroup analysis indicated that patients
ineligible for cisplatin treatment had a lower ICER compared to those who were
eligible for cisplatin.

Conclusions: From the perspective of US payers, at a willingness-to-pay
threshold of $150,000 per QALY, the combination of EV and pembrolizumab is
estimated to not be cost-effective compared to traditional chemotherapy in the
first-line treatment of mMUC patients.
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Introduction

Bladder cancer is one of the ten most commonly diagnosed
cancers in the United States, accounting for 4.2% of all new cancer
cases in 2023 (1). About 90-95% of bladder cancer cases are
urothelial carcinoma (2, 3). Patients with metastatic urothelial
carcinoma(mUC) have a poor prognosis, with a five-year survival
rate of only 5-7% (1).

Platinum-based chemotherapy is the standard of care for
previously untreated patients with mUC (4), however, the clinical
outcomes associated with this regimen remain suboptimal (5).
Immunotherapy has become increasingly popular in the field of
cancer treatment due to its remarkable efficacy, as seen in the
treatment of breast and thyroid cancers (6, 7). PD-1 and PD-L1
inhibitors are commonly used in patients who are ineligible for
Platinum-based chemotherapy, as a follow-up therapy after
platinum-based chemotherapy, or as an alternative treatment for
recurrent or resistant cases (8). Despite the use of these inhibitors in
mUC, many patients still experience progression (9). Enfortumab
Vedotin (EV), an antibody-drug conjugate directed against nectin-4
(10), received breakthrough therapy designation from the U.S. Food
and Drug Administration (FDA) in 2018 (11), followed by
marketing approval in December 2019 for its use as a second-line
treatment in patients with mUC (12). It is indicated for patients
with locally advanced or metastatic bladder cancer who have
previously received platinum-based chemotherapy and immune
checkpoint inhibitor (ICI) therapy, and its use for second-line
treatment of mUC is recommended by NCCN guidelines (8).The
EV-302 trial evaluated the combination of EV and pembrolizumab
for previously untreated patients with mUC (13). This pivotal phase
3 trial demonstrated a significant survival benefit for patients
receiving EV plus pembrolizumab compared to chemotherapy,
reducing the risk of death by 53% and nearly doubling median
overall survival (OS), with hazard ratio (HR) of 0.47 (median OS:
31.5 months vs. 16.9 months). The combination therapy also
reduced the risk of progression or death by 55% and nearly
doubled median PFS, with an HR of 0.45 (median PFS: 12.5
months vs. 6.3 months). Based on these results, the FDA has
granted approval for EV plus pembrolizumab as a first-line
treatment for patients with mUC (14). Although the trial
demonstrated a near doubling of both median OS and PEFS, it
remains unclear from a value perspective whether the cost of this
therapy is justified by its potential benefit. The aim of this study was
to evaluate the cost-effectiveness of EV combined with
pembrolizumab versus platinum-based chemotherapy as first-line
treatment in patients with mUC from the perspective of U.S. payers.

Material and methods

A Markov model was developed to estimate the costs and
effectiveness of the first-line treatment for patients with mUC
(Figure 1) (15, 16). Two first-line treatment options were
evaluated in the model: 1) the combination of EV with
pembrolizumab, and 2) chemotherapy consisting of cisplatin or
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FIGURE 1

Markov Model. PFS, progression-free survival; OS, overall survival.

carboplatin plus gemcitabine. We assumed that first-line treatment
would continue until disease progression, at which point both
groups could receive second-line treatment until death.

The model considered only direct medical costs, with costs and
outcomes discounted annually at a rate of 3% (17). Each model
cycle represented 3 weeks. The time duration was lifetime. Half-
cycle correction was applied in the model. The outputs included
total costs, life-years (LYs), quality-adjusted life-years (QALYs),
and incremental cost-effectiveness ratios (ICERs). To determine the
cost-effectiveness of therapy, a willingness-to-pay (WTP) threshold
of $150,000 per QALY was used, as recommended by Neumann
et al (18). The development of the Markov model and statistical
analyses were performed using R 4.2.3 software (http://
WWW.r-project.org).

Model progression and survival estimates

The risks of disease progression and overall mortality in each
treatment group were evaluated based on the PES and OS curves of
the EV-302 study (13). PFS and OS probabilities were extracted
utilizing the WebPlotDigitizerwebsite (https://apps.automeris.io/
wpd/index.zh_CN.html). Subsequently, pseudo-individual patient
data were generated using the methodology proposed by Guyot et al
(19). These data were then fitted with various parametric
distributions, including exponential, weibull, log-logistic, log-
normal, gompertz, generalized gamma, spline and mix cure
distributions. Based on the goodness-of-fit evaluation using the
Akaike Information Criterion (AIC), a log-normal distribution was
selected for the OS curve, and a spline distribution was chosen for
the PES curve in the chemotherapy arm (Supplementary Table 1).
The hazard rates for the EV plus pembrolizumab arm were
estimated by multiplying the hazard rates for the chemotherapy
arm by the corresponding HRs. The background mortality rate for
each age group was estimated based on US life tables (20).

Cost and utility estimates

Direct medical costs included the cost of the drug,
administration, best supportive care, maintenance therapy and
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management of adverse events (AEs). In the EV group,
pembrolizumab was administered at a dose of 200 mg on the first
day of each cycle, for a maximum of 35 cycles, while EV was
administered at a dose of 1.25 mg/kg on the first and eighth days of
each cycle, with no maximum treatment duration (13). After disease
progression, it was assumed that all patients receive chemotherapy
as second-line treatment based on the NCCN guidelines (8). In the
chemotherapy group, gemcitabine was dosed at 1000 mg per square
meter of body surface area (BSA) and administered via intravenous
injection on the first and eighth days of each model cycle.
Carboplatin (administered intravenously with an area under the
curve of 4.5 mg/mL/min) or cisplatin (administered intravenously
at 70 mg/m2 BSA) was given on the first day of each cycle (13). In
the chemotherapy group, after reaching the maximum treatment
cycles of chemotherapy, 30.2% of patients used avelumab as
maintenance therapy based on the EV-302 trial (13). Similarly, it
was assumed that after progression, patients in the chemotherapy
arm receive pembrolizumab according to the NCCN guidelines (8).
The drug costs were based on the average sale price from the
Centers for Medicare and Medicaid Services for the year 2023 and
published studies (9, 21). The costs of adverse events were derived
from previously published studies (9, 22-24). Administration costs
were estimated according to the Medicare physician fee schedule for
the year 2023 (25). All information regarding costs is listed in
Table 1. The model used a body weight of 70 kg, a body surface area
of 1.86 m2, and a creatinine clearance rate of 70 mL/min for dose
calculations, as sourced from published literature (26). The impact
of Grade 3 or 4 AEs was considered in the model as measured by
health disutility weight and the cost of the AEs (Table 1) (27-30).
All costs were converted to 2023 US dollars using the Consumer
Price Index for medical care (31).

Health utility values for all health states were derived from
published studies. Utilities of 0.80 and 0.75 were assigned to
patients receiving first-line and second-line therapy, respectively
(32). The loss of QALYs due to AEs was estimated by multiplying
the incidence rates of the AEs by their corresponding
disutility values.

Sensitivity analysis

A series of sensitivity analyses were conducted to assess the
uncertainty of parameters and identify which parameters had the
greatest impact on the results. In probabilistic sensitivity analysis,
1,000 Monte Carlo simulations were performed with the parameters
simultaneously varied with a specific pattern of distribution
(Table 1). In one-way sensitivity analysis, each parameter is
independently and singly varied within +20% of the baseline
value or within its 95% confidence interval to assess the impact
on the model results. A two-way sensitivity analysis was conducted
to evaluate the interaction between the utility values for EV
combined with pembrolizumab and platinum-based
chemotherapy. In this analysis, the utility values for both
treatment arms were simultaneously varied, ranging from -50% of
the baseline value up to 1. Additionally, we conducted scenario
analyses assuming different unit prices for EV and pembrolizumab.
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The EV-302 trial presented survival curves for multiple
biomarker subgroups (13). To assess the cost-effectiveness of EV
in combination with pembrolizumab across different patient
subgroups, the ICER was estimated for each subgroup using the
PFS and OS curves, following the same methodology as in the
baseline analysis.

Results
Base case results

Based on the model projection, patients receiving combination
therapy with EV and pembrolizumab had an estimated life
expectancy of 4.221 LYs, representing a gain of 2.10 LYs
compared to those receiving chemotherapy. When accounting for
quality of life, patients on the EV and pembrolizumab gained 3.254
QALYs, an improvement of 1.721 QALYs compared to patients on
chemotherapy. The combination regimen incurred an additional
cost of $962,240.8 per patient compared to chemotherapy. As a
result, the ICER for EV plus pembrolizumab compared to
chemotherapy was $558,973 per QALY ($458,390.1 per LY)
(Table 2).

Sensitivity analyses

Figure 2 presents the results of one-way sensitivity analysis.
Several key variables were identified as having a significant impact
on the ICER, including body weight, unit cost of EV, HR for PES
and OS, and discount rate. Despite considerable variation in these
parameters, the ICER for the combination therapy of EV with
pembrolizumab consistently exceeded the WTP threshold of
$150,000 per QALY.

The results of probabilistic sensitivity analysis, depicted in
Figure 3, indicate that at a WTP threshold of $150,000 per
QALY, the likelihood of the combination therapy of EV with
pembrolizumab being cost-effective compared to chemotherapy
was 0%. However, if the WTP threshold were increased to
approximately $820,000 per QALY, there would be an 80%
chance of being cost-effective for this combination therapy. The
results of the two-way sensitivity analysis indicated that, across all
utility combinations, the ICER exceeded the WTP threshold of
$150,000 per QALY (Supplementary Figure 1).

Reducing the unit price of EV to $20 per milligram would result
in a 50% probability of cost-effectiveness compared to
chemotherapy at a WTP threshold of $150,000. Furthermore,
reducing the unit price of EV to $15 per milligram would
increase the probability of cost-effectiveness to 75% at the same
WTP threshold (Supplementary Table 2). Additionally, if the unit
prices of both EV and pembrolizumab were simultaneously reduced
by 80%, there would be a 75% probability of cost-effectiveness at the
specified WTP threshold.

Subgroup analyses showed that the ICER for EV in combination
with pembrolizumab ranged from $563,128.5 per QALY in
platinum-eligible patients to $536135.5 per QALY in platinum-
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TABLE 1 Model parameters: baseline values, ranges, and distributions for sensitivity analysis.

Parameter Baseline value Distribution References

Chem AEs incidence

Anemia 0.314 0.251 - 0.377 Beta 13
Neutropenia 0.300 0.240 - 0.360 Beta 13
Thrombocytopenia 0.194 0.156 - 0.233 Beta 13
Decreased neutrophil count 0.090 0.072 - 0.108 Beta 13

EV+pemb AEs incidence

Neutropenia 0.048 0.038 - 0.058 Beta 13
Maculopapular rash 0.077 0.062 - 0.092 Beta 13
Hyperglycemia 0.050 0.040 - 0.060 Beta 13
‘ Utility
PES 0.800 0.770 - 0.820 Beta 32
PD 0.750 0.700 - 0.790 Beta 32
‘ AEs disutility
Anemia 0.120 0.096 - 0.144 Beta 28
Decreased neutrophil count 0.090 0.072 - 0.108 Beta 29
Hyperglycemia 0.140 0.112 - 0.168 Beta 30
Neutropenia 0.150 0.120 - 0.180 Beta 28
Maculopapular rash 0.032 0.026- 0.039 Beta 27
Thrombocytopenia 0.110 0.088 - 0.132 Beta 28
AEs cost, $
Anemia 4,638.000 3,710.4 - 5,565.6 Gamma 9
Decreased neutrophil count 36,106.000 28,884.800 - 43,327.200 Gamma 23
Hyperglycemia 255.506 204.405 - 306.607 Gamma 24
Neutropenia 17,181.000 13,744.800 - 2,0617.200 Gamma 9
Maculopapular rash 15,709.000 12,567.200 - 18,850.800 Gamma 9
Thrombocytopenia 45,332.000 36,265.600 - 54,398.400 Gamma 22
Patients’ weight, kg 70.000 60.000 - 140.000 Gamma 26

Drug cost per milligram, $

Enfortumab Vedotin 131.520 116.36 - 174.54 Gamma 9
Pembrolizumab 55.730 46.893 - 70.339 Gamma 21
Carboplatin 0.072 0.058 - 0.086 Gamma 21
Cisplatin 0.404 0.323 - 0.485 Gamma 21
Gemcitabine 0.044 0.035 - 0.053 Gamma 21
Avelumab 9.236 7.389 - 11.083 Gamma 21

Administration cost

First hour 144.390 115.512 - 173.268 Gamma 25
Additional hour 31.100 24.880 - 37.320 Gamma 25
Best support care/cycle,$ 1,213 970.4 - 1455.6 Gamma 9
Creatinine clearance 70 26

(Continued)
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TABLE 1 Continued

10.3389/fimmu.2024.1464092

Parameter Baseline value Range Distribution References
Administration cost

Body surface area (m?) 1.86 1.456-2.184 Normal 26

HR of PFS 0.47 0.38 - 0.58 Log-normal 13

HR of OS 0.45 0.38 - 0.54 Log-normal 13

Chem, chemotherapy; pemb, pembrolizumab; AE, adverse event; EV, enfortumab vedotin; PES, progression-free survival; OS, overall survival; HR, hazard ratio.

ineligible patients. However, the difference in ICER values between
the high and low PD-L1 expression subgroups was negligible
(Supplementary Table 3).

Discussion

To our knowledge, this study is the first cost-effectiveness
analysis comparing EV in combination with pembrolizumab to
chemotherapy regimens as first-line treatment for mUC. Based on
the current study model, the ICER for EV in combination with
pembrolizumab compared to platinum-based traditional
chemotherapy was estimated to be $558,973 per QALY.
Probabilistic sensitivity analysis indicated that the probability of
EV in combination with pembrolizumab being cost-effective at a
WTP threshold of $150,000 per QALY was 0%. In one-way
sensitivity analysis, patient weight, unit price of EV, OS and PFS
HR, and discount rate were the most influential parameters on the
results. Across the broad variations in the ranges for each
parameter, the ICER for the combination therapy compared with
chemotherapy remained well above the WTP threshold of $150,000
per QALY.

The utility values used in the model were derived from
previously published literature rather than from the EV-302 trial,
which may introduce bias into the model’s predictions.
Nevertheless, the one-way sensitivity analyses demonstrated that
even when utility values were varied by +20% from their baseline
estimates, the results consistently remained above the WTP
threshold of $150,000 per QALY. Furthermore, the two-way
sensitivity analysis indicated that the interaction between the
utility values for EV plus pembrolizumab and chemotherapy
during PFS did not alter the conclusion that the ICER remains
well above the WTP threshold. Consequently, it can be concluded

TABLE 2 Base case results.

that variations in utility values are unlikely to significantly influence
the model’s outcomes. Research in several cancers types has shown
that immunotherapy may be more cost-effective in certain patient
subgroups (33, 34). In our study, patients ineligible for cisplatin who
were treated with EV in combination with pembrolizumab had a
lower ICER than those who were eligible for cisplatin. However,
even with the reduced ICER, the value remained above the WTP
threshold of $150,000 per QALY. In addition, the difference in
ICERs for EV in combination with pembrolizumab versus
chemotherapy between patients with high and low PD-L1
expression was minimal. However, due to the small sample sizes
in each subgroup and the exploratory nature of these analyses, these
results should be interpreted with caution. Data indicates that drug
prices in the United States are approximately 2.78 times higher than
those in other countries (35). The high cost of the drugs may impose
a substantial long-term economic burden on patients, particularly
those with limited financial resources or insufficient insurance
coverage. This burden could manifest in increased out-of-pocket
expenses, reduced access to necessary treatments, and potentially
lower adherence to prescribed therapies, all of which could
adversely impact patient outcomes and quality of life. Our
analysis indicates that, given current prices, combination therapy
with EV and pembrolizumab is not a cost-effective strategy.
However, this conclusion should not lead to the default use of the
less effective chemotherapy, especially within public healthcare
systems where cost and accessibility are critical concerns. The
Inflation Reduction Act now authorizes Medicare to negotiate
directly with pharmaceutical companies to reduce the cost of the
most expensive single-source brand-name drugs (36), which is a
step toward making innovative, life-saving treatments more
accessible and affordable. This is particularly important for public
healthcare systems that aim to provide equitable care without
compromising financial sustainability. While the Centers for

Results EV+Pembrolizumab Chemotherapy Incremental
LYs 4221 2.121 2.100

QALYs 3.254 1.533 1.721

Cost, US $ 1,493,868 531,627.2 962,240.8

ICER, US §/

Per LY 458,390.1

Per QALY 558,973

LY, life year; QALY, quality-adjusted life year; ICER, incremental cost-effectiveness ratio; EV, enfortumab vedotin.
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Tornado diagram of one-way sensitivity analysis of the incremental cost-effectiveness ratio (ICER) for EV plus pembrolizumab versus chemotherapy.
PFS, progression-free survival; OS, overall survival; HR, hazard ratio; EV, enfortumab vedotin; pemb, pembrolizumab.

Medicare & Medicaid Services (CMS) may use cost-effectiveness
data during the initial price negotiation phase, they may focus on
studies that present summary measures such as life-years gained,
rather than quality-adjusted life-year metrics (37). Our study results
show that the price of the combination of EV and pembrolizumab
would need to be reduced, regardless of whether the outcome
measure is life years gained or quality-adjusted life years, to be a
viable option for public healthcare systems. This research is
intended to contribute to future discussions on the pricing of EV,
with a particular emphasis on guiding public healthcare systems
toward more sustainable and equitable healthcare financing.
Ensuring that patients across all systems, including public ones,
have access to effective and economically accessible therapies is our
primary goal.

As with any other model, this study also has several limitations.
First, to the best of our knowledge, the EV-302 trial is the only
clinical trial that has assessed the efficacy of first-line EV plus

pembrolizumab in patients with mUC. Although it is a large and
well-designed trial, our model is fundamentally dependent on the
validity and generalizability of the study, which means that any bias
inherent in the study will inevitably affect the results of our study.
Second, we did not include the additional costs of all AEs that
occurred during PFS. However, we do not expect that including all
AEs would change the conclusions of the study, as the cost
differences associated with AEs are expected to be minimal and
unlikely to affect the overall results. Third, we used short-term
clinical data from the EV-302 trial to extrapolate long-term survival
data. Although we assessed the goodness of fit of the parameter
distributions based on AIC, there remains an inherent uncertainty
regarding the long-term survival benefit. We look forward to
collecting more data to improve the robustness of our model.
Finally, the utility values were derived from the published
literature rather than directly from the EV-302 trial, which may
introduce bias and potentially affect the robustness of the model.

Cost-effectiveness Probability
o
@
g

—— EV + pembrolizumab
~— Chemotherapy

0 500000

FIGURE 3

1000000
Willingness to Pay ($/QALY)

1500000

The cost-effectiveness acceptability curve for EV plus pembrolizumab versus chemotherapy. QALY, quality-adjusted life year.
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However, to account for this variability, we conducted a series of
sensitivity analyses covering a wide range of utility values.

Conclusion

Our study suggests that from the perspective of U.S. payers, EV
in combination with pembrolizumab is estimated not to be cost-
effective compared with chemotherapy in the first-line setting for
patients with mUC at a WTP threshold of 150,000 per QALY.

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 authors.

Author contributions

AL: Conceptualization, Data curation, Formal analysis,
Software, Visualization, Writing - original draft. MW: Software,
Supervision, Validation, Writing - review & editing. OX:
Investigation, Supervision, Validation, Writing — review & editing.
HX: Investigation, Supervision, Validation, Writing - review &
editing. KM: Investigation, Validation, Writing — review & editing.
CT: Conceptualization, Methodology, Supervision, Validation,
Writing - review & editing. LW: Conceptualization,
Methodology, Resources, Supervision, Validation, Writing -
review & editing. XW: Conceptualization, Investigation,
Resources, Supervision, Validation, Writing — review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. National
Natural Science Foundation of China (grant number 71874209); the
research project of the Health Commission of Hunan province
(grant number 202113050283); the Fundamental Research Funds
for the Central Universities of Central South University (grant

References

1. National Institutes of Health, National Cancer Institute and Surveillance,
Epidemiology, and End Results Program. Cancer stat facts: bladder cancer. Available
online at: https://seer.cancer.gov/statfacts/html/urinb.html (Accessed March 9, 2024).

2. Chalasani V, Chin JL, Izawa JI. Histologic variants of urothelial bladder cancer
and nonurothelial histology in bladder cancer. Can Urological Assoc J. (2009) 3:5193-8.
doi: 10.5489/cuaj.1195

3. Milojevic B, Dzamic Z, Kajmakovic B, Milenkovic Petronic D, Sipetic Grujicic S.
Urothelial carcinoma: Recurrence and risk factors. ] BUON. (2015) 20:391-8.

4. Loehrer PJSr, Einhorn LH, Elson PJ. A randomized comparison of cisplatin alone
or in combination with methotrexate, vinblastine, and doxorubicin in patients with

metastatic urothelial carcinoma: a cooperative group study. J Clin Oncol. (1992)
10:1066-73. doi: 10.1200/JC0.1992.10.7.1066

Frontiers in Immunology

10.3389/fimmu.2024.1464092

number 20237Z7TS0924); Hunan Provincial Natural Science
Foundation of China (grant number 2023]JJ60503). The funders
had no role in study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Acknowledgments

This work was supported by a grant from the National Natural
Science Foundation of China (grant number 71874209); the
research project of the Health Commission of Hunan province
(grant number 202113050283); the Fundamental Research Funds
for the Central Universities of Central South University (grant
number 202377TS0924); Hunan Provincial Natural Science
Foundation of China (grant number 2023]JJ60503). The authors
would like to thank the High Performance Computing Center of
Central South University for partial support of this work.

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/fimmu.2024.
1464092/full#supplementary-material

5. Galsky MD, Chen GJ, Oh WK, Bellmunt J, Roth BJ, Petrioli R, et al. Comparative
effectiveness of cisplatin-based and carboplatin-based chemotherapy for treatment of
advanced urothelial carcinoma. Ann Oncol. (2012) 23:406-10. doi: 10.1093/annonc/
mdr156

6. ZhaoJ, Li D, Xie S, Deng X, Wen X, Li J, et al. Nomogram for predicting prognosis
of patients with metastatic melanoma after immunotherapy: A Chinese population-
based analysis. Front Immunol. (2022) 13:1083840. doi: 10.3389/fimmu.2022.1083840

7. Ye F, Dewanjee S, Li Y, Jha NK, Chen ZS, Kumar A, et al. Advancements in
clinical aspects of targeted therapy and immunotherapy in breast cancer. Mol Cancer.
(2023) 22:105. doi: 10.1186/s12943-023-01805-y

8. Flaig TW, Spiess PE, Agarwal N, Bangs R, Boorjian SA, Buyyounousk MK, et al.
Bladder cancer, version 3.2023, NCCN clinical practice guidelines in oncology. J Natl

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2024.1464092/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1464092/full#supplementary-material
https://seer.cancer.gov/statfacts/html/urinb.html
https://doi.org/10.5489/cuaj.1195
https://doi.org/10.1200/JCO.1992.10.7.1066
https://doi.org/10.1093/annonc/mdr156
https://doi.org/10.1093/annonc/mdr156
https://doi.org/10.3389/fimmu.2022.1083840
https://doi.org/10.1186/s12943-023-01805-y
https://doi.org/10.3389/fimmu.2024.1464092
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Li et al.

Compr Canc Netw. (2020) 18:329-54. https://jnccn.org/view/journals/jncen/18/3/
article-p329.xml.

9. Wu Q, Qin Y, Liao W, Zhang M, Yang Y, Zhang P, et al. Cost-effectiveness of
enfortumab vedotin in previously treated advanced urothelial carcinoma. Ther Adv
Med Oncol. (2022) 14:17588359211068733. doi: 10.1177/17588359211068733

10. Challita-Eid PM, Satpayev D, Yang P, An Z, Morrison K, Shostak Y, et al.
Enfortumab vedotin antibody-drug conjugate targeting nectin-4 is a highly potent
therapeutic agent in multiple preclinical cancer models. Cancer Res. (2016) 76:3003-13.
doi: 10.1158/0008-5472.CAN-15-1313

11. U.S. Food and Drug Administration. Breakthrough therapy approvals. Available
online at: https://www.fda.gov/drugs/nda-and-bla-approvals/breakthrough-therapy-
approvals (Accessed March 11, 2024).

12. FDA grants regular approval to enfortumab vedotin-ejfv for locally advanced or
metastatic urothelial cancer. U.S. Food and Drug Administration. Available online at:
https://www.fda.gov/drugs/resources-information-approved-drugs/fdagrants-regular-
approval-enfortumab-vedotin-ejfvlocally-advanced-or-metastatic-urothelial-cancer
(Accessed 11 March 2021).

13. Powles T, Valderrama BP, Gupta S, Bedke J, Kikuchi E, Hoffman-Censits J, et al.
Enfortumab vedotin and pembrolizumab in untreated advanced urothelial cancer. New
Engl ] Med. (2024) 390:875-88. doi: 10.1056/NEJMoa2312117

14. Food and Drug Administration. FDA approves enfortumab vedotin-ejfv +
pembrolizumab for locally advanced or metastatic urothelial cancer. Available online
at: https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-
enfortumab-vedotin-ejfv-pembrolizumab-locally-advanced-or-metastatic-urothelial-
cancer (Accessed December 15, 2023).

15. Vijenthira A, Kuruvilla J, Crump M, Jain M, Prica A. Cost-effectiveness analysis
of frontline polatuzumab-rituximab, cyclophosphamide, doxorubicin, and prednisone
and/or second-line chimeric antigen receptor T-cell therapy versus standard of care for
treatment of patients with intermediate- to high-risk diffuse large B-cell lymphoma. J
Clin Oncol Off ] Am Soc Clin Oncol. (2023) 41:1577-89. doi: 10.1200/JC0O.22.00478

16. Wan X, Zhang Y, Tan C, Zeng X, Peng L. First-line nivolumab plus ipilimumab
vs sunitinib for metastatic renal cell carcinoma: A cost-effectiveness analysis. JAMA
Oncol. (2019) 5:491-6. doi: 10.1001/jamaoncol.2018.7086

17. Sanders GD, Neumann PJ, Basu A, Brock DW, Feeny D, Krahn M, et al.
Recommendations for conduct, methodological practices, and reporting of cost-
effectiveness analyses: second panel on cost-effectiveness in health and medicine.
JAMA. (2016) 316:1093-103. doi: 10.1001/jama.2016.12195

18. Neumann PJ, Cohen JT, Weinstein MC. Updating cost-effectiveness-the curious
resilience of the $50,000-per-QALY threshold. N Engl ] Med. (2014) 371:796-7.
doi: 10.1056/NEJMp1405158

19. Guyot P, Ades AE, Ouwens MJ, Welton NJ. Enhanced secondary analysis of
survival data: reconstructing the data from published Kaplan-Meier survival curves.
BMC Med Res Methodol. (2012) 12:9. doi: 10.1186/1471-2288-12-9

20. U.S. Department of Health & Human Services. Comparing prescription drugs.
Available at: https://aspe.hhs.gov/reports/comparing-prescription-drugs (Accessed
December 20, 2023).

21. Centers for Medicare & Medicaid Services. Medicare Part B drug average sales
price (ASP) pricing files (2024). Available online at: https://www.cms.gov/medicare/
payment/all-fee-service-providers/medicare-part-b-drug-average-sales-price/asp-
pricing-files (Accessed March 12, 2024).

22. Liu X, Lang Y, Chai Q, Lin Y, Liao Y, Zhu Y. Atezolizumab plus platinum-based
chemotherapy as first-line therapy for metastatic urothelial cancer: A cost-effectiveness
analysis. Front Pharmacol. (2022) 13:872196. doi: 10.3389/fphar.2022.872196

23. Zhu Y, Liu K, Ding D, Peng L. First-line lenvatinib plus pembrolizumab or
everolimus versus sunitinib for advanced renal cell carcinoma: A United States-based
cost-effectiveness analysis. Clin Genitourin Cancer. (2023) 21:417.e1-417.e10.
doi: 10.1016/j.clgc.2022.11.014

Frontiers in Immunology

08

10.3389/fimmu.2024.1464092

24. Carlson JJ, Canestaro W, Ravelo A, Wong W. The cost-effectiveness of
alectinib in anaplastic lymphoma kinase-positive (ALK+) advanced NSCLC
previously treated with crizotinib. ] Med Econ. (2017) 20:671-7. doi: 10.1080/
13696998.2017.1302453

25. Centers for Medicare and Medicaid Services. License for use of current
procedural terminology, fourth edition (“CPT®”). Available online at: https://www.
cms.gov/apps/physician-fee-schedule/search/search-results.aspx?Y=4&T=0&HT=
1&CT=0&H1=99213&H2=96413&M=5 (Accessed April 26, 2024).

26. Wan X, Luo X, Tan C, Zeng X, Zhang Y, Peng L. First-line atezolizumab in
addition to bevacizumab plus chemotherapy for metastatic, nonsquamous non-small
cell lung cancer: A United States-based cost-effectiveness analysis. Cancer. (2019)
125:3526-34. doi: 10.1002/cncr.32298

27. MaY, ZhouJ, Ye Y, Wang X, Ma A, Li H. The cost-effectiveness analysis of
serplulimab versus regorafenib for treating previously treated unresectable or
metastatic microsatellite instability-high or deficient mismatch repair colorectal
cancer in China. Front Oncol. (2023) 13:1113346. doi: 10.3389/fonc.2023.
1113346

28. Mudumba R, Chan HH, Cheng YY, Wang CC, Correia L, Ballreich J, et al. Cost-
effectiveness analysis of trastuzumab deruxtecan versus trastuzumab emtansine for
patients with human epidermal growth factor receptor 2 positive metastatic breast
cancer in the United States. Value Health. (2024) 27:153-63. doi: 10.1016/
jjval.2023.11.004

29. Zheng Z, Lin J, Zhu H, Cai H. 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. (2022) 10:893387. doi: 10.3389/fpubh.2022.893387

30. Makrilakis K, Liatis S, Tsiakou A, Stathi C, Papachristoforou E, Perrea D, et al.
Comparison of health-related quality of Life (HRQOL) among patients with pre-
diabetes, diabetes and normal glucose tolerance, using the 15D-HRQOL questionnaire
in Greece: the DEPLAN study. BMC Endocr Disord. (2018) 18:32. doi: 10.1186/s12902-
018-0261-3

31. Sarfaty M, Leshno M, Gordon N, Moore A, Neiman V, Rosenbaum E, et al. Cost
effectiveness of nivolumab in advanced renal cell carcinoma. Eur Urol. (2018) 73:628—
34. doi: 10.1016/j.eururo.2017.07.041

32. Hale O, Patterson K, Lai Y, Meng Y, Li H, Godwin JL, et al. Cost-effectiveness of
pembrolizumab versus carboplatin-based chemotherapy as first-line treatment of PD-
L1-positive locally advanced or metastatic urothelial carcinoma ineligible for cisplatin-
based therapy in the United States. Clin Genitourin Cancer. (2021) 19:e17-30.
doi: 10.1016/j.clgc.2020.07.006

33. Chiang C, Chan S, Lee S, Wong IO, Choi HC. Cost-effectiveness of
pembrolizumab as a second-line therapy for hepatocellular carcinoma. JAMA Netw
Open. (2021) 4:¢2033761. doi: 10.1001/jamanetworkopen.2020.33761

34. Feng M, Yang Y, Liao W, Li Q. Margetuximab versus trastuzumab in patients
with advanced breast cancer: A cost-effectiveness analysis. Clin Breast Cancer. (2022)
22:€629-35. doi: 10.1016/j.c1bc.2022.03.002

35. U.S. Department of Health & Human Services. Comparing prescription drugs.
Available online at: https://aspe.hhs.gov/reports/comparing-prescription-drugs
(Accessed May 2, 2024).

36. U.S. Department of Health and Human Services. Medicare drug price negotiation
program: understanding development and trends in utilization and spending for the
selected drugs. ASPE. Available online at: https://aspe.hhs.gov/sites/default/files/
documents/4bf549a55308c3aadc74b34abcb7aldl/ira-drug-negotiation-report.pdf
(Accessed May 2, 2024).

37. Sullivan SD, Hernandez I, Ramsey SD, Neumann PJ. Has the centers for
medicare & Medicaid services implicitly adopted a value framework for medicare
drug price negotiations? Value Health. (2023) 26:1686-8. doi: 10.1016/
jjval 2023.10.004

frontiersin.org


https://jnccn.org/view/journals/jnccn/18/3/article-p329.xml
https://jnccn.org/view/journals/jnccn/18/3/article-p329.xml
https://doi.org/10.1177/17588359211068733
https://doi.org/10.1158/0008-5472.CAN-15-1313
https://www.fda.gov/drugs/nda-and-bla-approvals/breakthrough-therapy-approvals
https://www.fda.gov/drugs/nda-and-bla-approvals/breakthrough-therapy-approvals
https://www.fda.gov/drugs/resources-information-approved-drugs/fdagrants-regular-approval-enfortumab-vedotin-ejfvlocally-advanced-or-metastatic-urothelial-cancer
https://www.fda.gov/drugs/resources-information-approved-drugs/fdagrants-regular-approval-enfortumab-vedotin-ejfvlocally-advanced-or-metastatic-urothelial-cancer
https://doi.org/10.1056/NEJMoa2312117
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-enfortumab-vedotin-ejfv-pembrolizumab-locally-advanced-or-metastatic-urothelial-cancer
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-enfortumab-vedotin-ejfv-pembrolizumab-locally-advanced-or-metastatic-urothelial-cancer
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-enfortumab-vedotin-ejfv-pembrolizumab-locally-advanced-or-metastatic-urothelial-cancer
https://doi.org/10.1200/JCO.22.00478
https://doi.org/10.1001/jamaoncol.2018.7086
https://doi.org/10.1001/jama.2016.12195
https://doi.org/10.1056/NEJMp1405158
https://doi.org/10.1186/1471-2288-12-9
https://aspe.hhs.gov/reports/comparing-prescription-drugs
https://www.cms.gov/medicare/payment/all-fee-service-providers/medicare-part-b-drug-average-sales-price/asp-pricing-files
https://www.cms.gov/medicare/payment/all-fee-service-providers/medicare-part-b-drug-average-sales-price/asp-pricing-files
https://www.cms.gov/medicare/payment/all-fee-service-providers/medicare-part-b-drug-average-sales-price/asp-pricing-files
https://doi.org/10.3389/fphar.2022.872196
https://doi.org/10.1016/j.clgc.2022.11.014
https://doi.org/10.1080/13696998.2017.1302453
https://doi.org/10.1080/13696998.2017.1302453
https://www.cms.gov/apps/physician-fee-schedule/search/search-results.aspx?Y=4&T=0&amp;HT=1&amp;CT=0&amp;H1=99213&amp;H2=96413&amp;M=5
https://www.cms.gov/apps/physician-fee-schedule/search/search-results.aspx?Y=4&T=0&amp;HT=1&amp;CT=0&amp;H1=99213&amp;H2=96413&amp;M=5
https://www.cms.gov/apps/physician-fee-schedule/search/search-results.aspx?Y=4&T=0&amp;HT=1&amp;CT=0&amp;H1=99213&amp;H2=96413&amp;M=5
https://doi.org/10.1002/cncr.32298
https://doi.org/10.3389/fonc.2023.1113346
https://doi.org/10.3389/fonc.2023.1113346
https://doi.org/10.1016/j.jval.2023.11.004
https://doi.org/10.1016/j.jval.2023.11.004
https://doi.org/10.3389/fpubh.2022.893387
https://doi.org/10.1186/s12902-018-0261-3
https://doi.org/10.1186/s12902-018-0261-3
https://doi.org/10.1016/j.eururo.2017.07.041
https://doi.org/10.1016/j.clgc.2020.07.006
https://doi.org/10.1001/jamanetworkopen.2020.33761
https://doi.org/10.1016/j.clbc.2022.03.002
https://aspe.hhs.gov/reports/comparing-prescription-drugs
https://aspe.hhs.gov/sites/default/files/documents/4bf549a55308c3aadc74b34abcb7a1d1/ira-drug-negotiation-report.pdf
https://aspe.hhs.gov/sites/default/files/documents/4bf549a55308c3aadc74b34abcb7a1d1/ira-drug-negotiation-report.pdf
https://doi.org/10.1016/j.jval.2023.10.004
https://doi.org/10.1016/j.jval.2023.10.004
https://doi.org/10.3389/fimmu.2024.1464092
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Cost-effectiveness of first-line enfortumab vedotin in addition to pembrolizumab for metastatic urothelial carcinoma in the United States
	Introduction
	Material and methods
	Model progression and survival estimates
	Cost and utility estimates
	Sensitivity analysis

	Results
	Base case results
	Sensitivity analyses

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


