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Special CollectionChallenging Dogma: New Evidence to  
Guide Practice in Urologic Oncology

Introduction
According to National Cancer Institute estimates, 
over 79,000 new cases of UC were diagnosed in 
2017, and more than 16,000 people died from the 
disease in the United States.1 Statistics from the 
International Agency for Research on Cancer 
(IARC) indicate that urothelial carcinoma (UC) 
causes more than 165,000 deaths per year and is 
ranked the ninth most common cancer worldwide. 

Approximately 151,000 new cases of UC are diag-
nosed annually in Europe, resulting in 52,000 
deaths.2 Over 80,000 new cases are diagnosed and 
33,000 deaths occur annually in China.3

First and second-line treatments for advanced 
urothelial carcinoma are based on platinum-
based chemotherapy and immune checkpoint 
inhibitors (ICIs) targeting programmed death 1/
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Abstract
Background: Antibody-drug conjugates have recently been introduced as a treatment for 
advanced urothelial carcinoma. The EV-301 study demonstrated that enfortumab vedotin (EV) 
improved overall survival compared with conventional chemotherapy. To assess the cost-
effectiveness of EV for the treatment of advanced urothelial carcinoma (UC) from a payer 
perspective in middle- and high-income countries.
Methods: A decision analysis model was developed to assess the efficacy and economic 
viability of EV as a subsequent-line treatment following disease progression in patients with 
advanced urothelial carcinoma already treated with PD-1 or PD-L1 inhibitors. Clinical and 
utility values were obtained from the published literature and available databases. Cost data 
were obtained from payer perspectives in the United States, United Kingdom, and China. 
Quality-adjusted life-years (QALYs) were used to measure health outcomes, and incremental 
cost-effectiveness ratios (ICERs) used to evaluate cost-effectiveness in comparison to 
willingness-to-pay in the United States, United Kingdom, and China. One-way sensitivity 
analysis and probabilistic sensitivity analysis were performed to assess the robustness of the 
model.
Results: Compared with chemotherapy, EV increased the benefit by 0.16-0.17 QALYs, resulting 
in ICERs of $2,168,746.71, $2,164,494.38, and $1,775,576.56 per QALY in the United States, 
United Kingdom, and China, respectively. One-way sensitivity analysis indicated that the 
largest effect on outcome was the utility value for progression-free survival. Probabilistic 
sensitivity analysis demonstrated that the probability of EV being cost-effective was 0%.
Conclusions: EV provides an additional health benefit over chemotherapy for patients with 
advanced urothelial carcinoma but is not cost-effective from a payer perspective in the United 
States, United Kingdom, or China.
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programmed death-ligand 1 (PD-1/PD-L1), 
respectively.4–6 However, the majority of patients 
suffer progression of the disease, and no therapies 
had been approved for use in patients with 
advanced UC after failure of immunotherapy 
until the advent of enfortumab vedotin (EV).

EV is a fully human antibody against nectin-4 
linked via a cleavable drug linker to the payload 
microtubule-disrupting chemotherapy agent: 
monomethyl auristatin E (MMAE).7–9 It was 
granted breakthrough therapy designation appro-
val by the Food and Drug Administration (FDA) 
in 2018 then approved in December 2019 to treat 
patients with locally advanced or metastatic 
urothelial carcinoma previously treated with plati-
num-based chemotherapy and ICI and in July 
2021, expanded the label indication to the second 
line setting.10–12 The EV-301 study demonstrated 
that EV showed a survival benefit compared to 
chemotherapy in advanced urothelial carcinoma, 
with improvements in median overall survival (OS) 
and median progression-free survival (PFS) of 3.9 
and 1.8 months, respectively.13 As for safety, the 
EV group and the chemotherapy group had similar 
rates of all grades and grade ⩾ 3 of treatment-
related adverse events.13

Healthcare budgets are limited and under grow-
ing pressure, in part due to increased costs associ-
ated with drug and technology innovations in the 
field of health care. Cost-effectiveness analysis 
(CEA) is a standard and well-validated method 
for testing the value of a drug that considers both 
cost and efficacy in a given indication. Still, the 
transferability and generalizability of CEA find-
ings are limited because the cost estimates are 
region-specific.14 The current study investigated 
the economic outcomes of the incorporation of 
EV as a follow-up to failed platinum-based chem-
otherapy and immune checkpoint inhibitor ther-
apy in patients with advanced urothelial carcinoma 
in the United States, United Kingdom, and 
China, with a high degree of portability and scal-
ability, representing both developed and develop-
ing regions.

Material and methods

Model construction
In the present study, a Markov model was con-
structed to simulate the cost and health benefits of 
EV or chemotherapy for advanced UC from the 
perspective of patients in the United States, 

United Kingdom, and China based on the EV-301 
study.13 Each patient was described as being in 
one of three mutually exclusive health states: pro-
gression-free survival (PFS), progressive disease, 
or death. All patients started in the PFS group, 
but could exhibit advanced disease and die or 
transfer to a progressive disease state at any time 
(Figure 1). The model was based on a 1-month 
cycle with a time horizon of 10 years in order that 
the patients’ medication regimen and its entire life 
cycle could be evaluated in the present study. 
TreeAge Pro statistical software version 2020 R1 
(TreeAge Software, LLC) was used for analysis.

The primary endpoint of the model included total 
costs, quality-adjusted life years (QALYs), and 
incremental cost-effectiveness ratios (ICERs). As 
recommended by relevant WHO guidelines and 
published literature, the willingness-to-pay thresh-
olds (WTP) in this study were set at $150,000/
QALY, $41,666.67/QALY, and $30,447.09/QALY 
for the United States, United Kingdom, and China, 
respectively.15–17

Mortality estimates
Mortality rates for any state in the model were 
estimated as the probability of death from 
advanced urothelial carcinoma and mortality 
from other causes. We obtained survival curves 
for EV and chemotherapy from the EV301 study 
which included 608 patients by capturing the sur-
vival probabilities at each time point through the 
Plot Digitizer (version 2.6.8; http://plotdigitizer.
sourceforge.net/),13 and then reconstructing the 
survival curves using an algorithm developed by 
Hoyle and Henley.18 Using this process, we com-
pared distributions including the Weibull, expo-
nential, log-normal, and log-logistic distributions 
by the Bayesian information criterion (BIC) and 
Akaike information criterion (AIC) and found 
that the Weibull distribution was the best choice.

The risk of progression was estimated using the 
same methodology, with background mortality 
rates for each age group based on United States, 
United Kingdom, and China life tables.19–21

Cost and utilities
Only direct costs were considered in the present 
study, including drug costs, tests, administration, 
and management costs associated with adverse 
events (AEs). The cost assessment of EV was based 
on the administration of the drug by intravenous 
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infusion at a dose of 1.25 mg per kilogram body 
weight on days 1, 8, and 15 of a 28-day cycle. Costs 
for chemotherapy were calculated for docetaxel at 
75 mg/m2 and paclitaxel at 175 mg/m2, and vinfl-
unine at 320 mg/m2 administered intravenously 
every 3 weeks until disease had progressed. The 
cost of vinflunine was not considered in United 
States or Chinese perspectives as it is not an 
approved indication by the FDA or National 
Medical Products Administration (NMPA).

We calculated the cost of treatment for grades 
3–4 AEs with a significant difference in incidence 
between the two groups reported in the EV301 
study, based on relevant treatment guidelines, 
expert opinion, and published studies. Prices for 
drugs and other administrative costs were those 
in the Red Book, the published literature, and 
other publicly available databases (Table 1). The 
costs in the model were converted to US dollars 
based on the following exchange rates: 1US 
$ = CNY 6.4391, 1US $ = GBP 0.72.

Sensitivity analysis
One-way and probabilistic sensitivity analyses 
were used to further analyze the results in this 
study and assess model stability. One-way sensi-
tivity analysis compared the effects of critical 
model input parameters on ICER by the model 
by adjusting the relevant parameters to their 
respective low and high values, with the results 
plotted using a Tornado diagram. The range of 
parameter variation was derived from published 
literature or varied by ± 30%. For probabilistic 
sensitivity analysis, the model was run 1000 times 
in accordance with a Monte Carlo simulation, the 
input parameters sampled from the cost parame-
ters with a gamma distribution and utility param-
eters with a beta distribution to obtain ICER 
cost-effectiveness acceptability curves. In addi-
tion, an assumed 10% of the current price of EV 
was used for probabilistic sensitivity analyses to 
obtain cost-effectiveness acceptability curves.

Results

Base case results
EV provided a benefit of 0.16-0.17 QALYs com-
pared with chemotherapy in the United States, 
United Kingdom, and China. However, the addi-
tional costs of this augmentation in the United 
States, United Kingdom, and China were as high 
as $368,686.94, $346,319.1, and $284,092.25, 

respectively, resulting in ICERs of $2,168,746.71, 
$2,164,494.38, and $1,775,576.56 per QALY 
gained, respectively. The results of these base 
cases are presented in Table 2.

Sensitivity analysis
The one-way sensitivity analysis showed that the 
greatest influence on outcome was the utility val-
ues in PFS status, respectively, followed by the 
price of EV. The ICER was substantially above the 
WTP threshold for the United States, United 
Kingdom, and China when all parameters were 
within a ± 30% range (Figure 2). Similarly, prob-
abilistic sensitivity analyses showed the probability 
of EV being cost-effective was 0% at the base case 
WTP and current price. Therefore, we conducted 
a probabilistic sensitivity analysis using 10% of the 
current price of EV. The cost-effectiveness accept-
ability curves for EV were approximately 68.5%, 
7.4%, and 1.1% probabilities of cost-effectiveness 
for thresholds equal to $150,000, $41,666.67, and 
$30,447.09 in the United States, United Kingdom, 
and China, respectively (Figure 3).

Discussion
Advanced urothelial carcinoma lacks effective ther-
apeutic options. Following the use of immune 
checkpoint inhibitors, the advent of the antibody-
drug conjugates class drug EV offered an active 
treatment choice for such patients, as demonstrated 
in the EV301 study. The creation of innovative 
drugs is concomitant with significant research and 
development costs, which are passed through to the 
price of the drugs. Using a Markov model, this is 
the first analysis to evaluate the cost-effectiveness of 
EV as a follow-up treatment in developed and 
developing countries, finding that EV is unlikely to 
be cost-effective, with ICERs > $1,000,000 in 
one-way sensitivity analyses.

Meanwhile, Newer drugs are often not cost-effec-
tive when compared to existing standard protocols 
due to the undoubtedly increasingly enormous 
research and development cost. Many pharmaco-
economic studies of checkpoint inhibitor immu-
notherapy have found them to be not cost-effective 
in the context of the setting.39,40 Other biologics 
such as Cabozantinib, Osimertinib, and PARP 
inhibitors having also a harder time being cost-
effective.43–45 It has become increasingly common 
to provide modest benefits at high cost for a wide 
range of advanced treatments and diseases, but 
this should not force patients to accept less 
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Table 1. Model parameters and assumptions.

Parameter US value (Range) UK value (Range) China value (Range)

Price of Enfortumab Vedotin  
per 20 mg

2630.4 act (1841.28–3419.52)a22 2630.4 (1841.28–3419.52)a22 2630.4 (1841.28–3419.52)a22

Price of Docetaxel per 20 mg 690.70 (483.49–897.91)a22 226.83 (158.78–294.88)a23 201.89 (141.32–262.46)a24

Price of Paclitaxel per 30 mg 16.61 (11.63–21.59)a22 161.74 (113.22–210.26)a23 105.60 (73.92–137.28)a24

Price of Vinflunine per 250 mg NA 1480.81 (1036.57–1925.05)a23 NA

BSC/cycle, $ 1213 (987–1438)a25 88.23 (70.53–105.9)26 807 (564.9–1049.1)a27

Cost of drug administration  
per unit

184.8 (129.39–240.29)a28 405.3 (283.71–526.89)a29 15.69 (10.99–20.40)a,b

Cost of managing adverse events, per unit, $

Maculopapular rash 15,709 (10,996.3–20,421.7)30 143 (100.1–185.9)a31 72 (40.0–104.0)32

Anemia 4638 (3326–5949) 33 3242 (3097–3388)34 999.21 (378.16–1621.03)35

Decreased neutrophil count 17,181 (12,026.7–22,335.3)a31 226 (158.2–293.8)a31 446.86 (312.80–580.92)a36

Febrile neutropenia 21,625 (15,137.5–28,112.5)a37 2856.72 (1999.70–3713.74)a38 953 (667.1–1238.9)a35

Discount rate, % 339 3.529 529

Utilities

PFS 0.60 (0.427–0.793)a40

PD 0.52 (0.364–0.676)a40

Disutility due to Grade 1–2 AEs 0.01 (0.008–0.02)41

Disutility due to Grade ⩾3 AEs 0.28 (0.21–0.35)42

AE, adverse event; BSC: best supportive care; PD, progressed disease; PFS, progression-free survival;
aRange indicates 30% change.
bLocal estimated.

effective treatment strategies. In the absence of 
further breakthroughs in efficacy at this time, a 
price reduction is required to ensure that EV is 
cost-effective and affordable. Compared with the 
United States, where private health care is domi-
nant, countries with predominantly government-
funded health services (China and the United 
Kingdom) may be able to negotiate better drug 
prices with pharmaceutical companies. As an 
example, the price of Pembrolizumab in China 
and the United Kingdom is $2782.69 and 
$3652.78, approximately 1/2 and 2/3 that of the 
United States, respectively.22–24 However, in our 
sensitivity analysis, the probability of EV being 
cost-effective is  > 50% in the United States only 
at 10% of the current price, with a WTP of up to 
$150,000/QALY. Therefore, the potential for EV 

to be cost-effective in the real world, even after 
price reductions or other patient assistance pro-
grams, is cause for concern.

In addition, subgroup analysis of the EV301 study 
indicated a survival benefit in some populations.13 
Therefore, it is crucial to explore effective bio-
markers for specific patients to maximize the effi-
cacy of EV in an era where personalized medicine 
is becoming increasingly prevalent. It will undoubt-
edly improve the cost-effectiveness of this drug. 
Currently, relevant clinical trials about enfortumab 
vedotin (EV) given intravenously as monotherapy 
and in combination with other anticancer thera-
pies as first-line and second-line treatment for 
patients with urothelial carcinoma are ongoing, 
including combination immunotherapy regimens 
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Table 2. Summary of cost and outcome results in the base-case analysis.

Strategy Cost Effectiveness 
(QALY)

ICER, per 
QALY ($)a

Probability of cost-
effectiveness (%)

United States

 Enfortumab vedotin 426,771.64 0.69 NA NA

 Chemotherapy 58,084.70 0.52 2,168,746.71 0

 Enfortumab vedotin at 10% cost 77,831.58 0.69 116,158.12 68.5

United Kingdom

 Enfortumab vedotin 37,1276.24 0.69 NA NA

 Chemotherapy 24,957.14 0.53 2,164,494.38 0

 Enfortumab vedotin at 10% cost 44,407.61 0.69 121,565.44 7.3

CHINA

 Enfortumab vedotin 30,1263.11 0.68 NA NA

 Chemotherapy 17,170.86 0.52 1,775,576.56 0

 Enfortumab vedotin at 10% cost 37,532.94 0.68 127,263.00 1.1

ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year.
aCompared with Chemotherapy.

(NCT03288545 and NCT04960709), or with 
cabozantinib (NCT04878029). EV would likely 
result in benefits and benefit-ratios which would 
be larger and even more significant if in earlier set-
tings or combination therapy clinical studies pro-
vided longer PFS and OS. And, EV may be able to 
provide a more cost-effective option for patients 
with advanced urothelial carcinoma than the more 
expensive immunotherapy.

Conclusions about cost-effectiveness depend heav-
ily on the WTP, which varies in different countries, 
with usually no precise maximum acceptable WTP 
threshold. For China, as the National Health 
Commission of the People’s Republic of China 
does not have an explicit WTP threshold, WHO 
recommendations of three times the GDP per cap-
ita were used as the maximum WTP threshold.17 
In the United States, the WTP threshold in most 
pharmacoeconomic analyses is considered 
$50,000-$150,000 per QALY, also close to three 
times the US GDP per capita.15 In the United 
Kingdom, the WTP threshold is considered to be 
between £20,000 and £30,000.16 For treatment 
programs or technologies that exceed £30,000, the 
National Institute for Health and Care Excellence 
assesses each case individually, including factors 

such as special criteria, innovation, etc. EV will be 
expected to meet the criteria of life-extending 
treatment at the end of life, and so its WTP thresh-
old in the United Kingdom could be increased to 
£50,000 ($69,444.44). The probability of being 
cost-effective would therefore be further increased 
to17.9% if its price were accompanied by a reduc-
tion to 10% of the current price.

As with other models, this analysis is limited by 
model assumptions and data availability. First, 
there is an inevitable bias in the modeling of sur-
vival in the EV301 trial using the Weibull func-
tion. We examined the degree of fit of the model 
and found no significant differences between the 
survival data of simulated curves and the trial 
(Supplementary material). Second, the parame-
ter with the greatest impact on ICER in all cases 
was the utility score of progression-free survival, 
highlighting the impact of quality of life on cost-
effectiveness. Because utility scores have not been 
reported for EV301 at this time, we obtained util-
ity values from the published literature. Therefore, 
we included a wide range of utility values in the 
sensitivity analysis, which did not change the 
results of the analysis. Third, because EV is not 
currently approved for marketing in China or the 
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Figure 2. One-way sensitivity analysis. This diagram shows incremental cost effectiveness ratio (ICER) 
of Enfortumab Vedotin vs Chemotherapy for different model input parameters in United States (a), United 
Kingdom (b) and China (c). PFS, progression-free survival, PD, progression disease; AEs, adverse events.
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Figure 3. Probabilistic sensitivity analysis. Cost-effectiveness acceptable curves showing the cost-effective 
probability of Enfortumab Vedotin at different prices. (a): Enfortumab Vedotin at 100% cost; (b): Enfortumab 
Vedotin at 10% cost. The dotted vertical lines represent the willingness to pay thresholds.

United Kingdom, the US drug price was used. 
This may overestimate the cost of EV in the 
United Kingdom and China, but sensitivity anal-
yses suggested that differences in prices between 
countries would likely not be sufficient to change 
the economic outcomes. Fourth, we assumed in 
the model that all patients received the best sup-
portive care after progression, which may differ 
from actual treatment choices. Fifth, we did not 
consider drug wastage or dose adjustment due to 
adverse reactions.

Conclusion
While many other factors should be considered 
when making treatment options and Medicare cov-
erage decisions, the results of cost-effectiveness 
analyses can provide important insights into the 
relative value of new drugs, thereby providing infor-
mation for government agencies, healthcare pro-
viders, and patients with which to make decisions. 
In conclusion, the current findings suggest that EV 
is unlikely to be cost-effective as a strategy for the 
subsequent treatment of advanced urothelial 
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carcinoma from a patient perspective in the United 
States, United Kingdom, or China. However, con-
sidering the significant clinical effects that can 
result from the use of EV, broader discussions and 
negotiations on the pricing, optimal therapeutic 
population screening, and related medical support 
policies for this innovative drug are required.
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