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Abstract

Background: Multiple single-arm clinical trials showed promising pathologic complete response
(pCR) rates with neoadjuvant immune checkpoint inhibitors (ICIs) in muscle-invasive bladder
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cancer. We conducted a cost-effectiveness analysis comparing neoadjuvant ICls with cisplatin-
based chemotherapy (CBC).

Methods: We applied a decision analytic simulation model with a health care payer perspective
to compare neoadjuvant ICls vs CBC. For the primary analysis we compared pembrolizumab with
ddMVAC. We performed a secondary analysis with gemcitabine/cisplatin as CBC and exploratory
analyses with atezolizumab or nivolumab/ipilimumab as ICI. We input pCR rates from trials or
meta-analysis and costs from average sales price. Outcomes of interest included costs, 2-year
recurrence-free survival (RFS), and incremental cost-effectiveness ratio (ICER) of cost per 2-year
RFS. A threshold analysis estimated a price reduction for ICI to be cost-effective and one-way and
probabilistic sensitivity analyses were performed.

Results: The incremental cost of pembrolizumab compared with ddMVAC was $8,041 resulting
in an incremental improvement of 1.5% in 2-year RFS for an ICER of $522,143 per 2-year RFS.
An 21% reduction in cost of pembrolizumab would render it more cost-effective with an ICER of
$100,000 per 2-year RFS. GC required an 89% pembrolizumab cost reduction to achieve an ICER
of $100,000 per 2-year RFS. Atezolizumab appeared to be more cost-effective than ddMVAC.

Conclusions: ICls were not cost-effective as neoadjuvant therapies, except when atezolizumab
was compared with ddMVAC. Randomized clinical trials, larger sample sizes and longer followup
are required to better understand the value of IClIs as neoadjuvant treatments.

Keywords

Muscle invasive bladder cancer; Urothelial Carcinoma; Neoadjuvant; Immunotherapy; Cost
effectiveness analysis

1. Introduction:

Approximately 25% of patients with bladder cancer present with muscle-invasive bladder
cancer (MIBC).! Radical cystectomy and pelvic lymph node dissection (PLND) is the
standard of care for MIBC; however, this alone results in a 5-year recurrence-free survival
(RFS) rate of 68% which declines to 35% for those with lymph node involvement.?
Systemic cisplatin-based chemotherapy (CBC) prior to radical cystectomy is the standard
of care for cisplatin-eligible patients with MIBC and yields pathologic complete response
(pCR) in approximately a third of patients with clinically meaningful increases in overall
survival (OS) compared with local therapy alone.3

Since 2016, five immune checkpoint inhibitors (ICls) targeting programmed cell death
protein 1 (PD-1) and programmed death-ligand 1 (PD-L1) have been approved by the

US Food and Drug Administration to treat locally advanced (unresectable) or metastatic
urothelial carcinoma.* Pembrolizumab (PD-1 inhibitor) improved overall survival (OS) in
the salvage setting after platinum-based chemotherapy® and avelumab (PD-L1 inhibitor)
improved OS after first-line platinum-based chemotherapy as switch-maintenance therapy.®
ICls (atezolizumab or pembrolizumab) have also been approved for cisplatin-unfit patients
with high PD-L1 expression or platinum (cisplatin and carboplatin)-unfit patients in the
US. Moreover, pembrolizumab has been FDA-approved for BCG-unresponsive carcinoma
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/n situ (with or without papillary tumors) in patients who cannot undergo or refuse radical
cystectomy and PLND.

Multiple clinical trials have also investigated the use of ICls in the neoadjuvant setting,
either as monotherapy’-8, dual ICI blockade®-11 or in combination with chemotherapy12:13,
The PURE-017 trial was an open-label, single-arm phase 2 trial that enrolled 114 patients
with MIBC and treated with three cycles of neoadjuvant pembrolizumab and noted a pCR
rate of 37%, which is indirectly comparable to CBC. Multiple other single-arm trials have
also shown similar pCR rates ranging from 31% to 46% with single or double agent

ICI in patients who were cisplatin-ineligible or refused CBC, suggesting a potential new
therapeutic option (under investigation in five ongoing phase 3 trials - NIAGARA4,
ENERGIZE!®, KEYNOTE-86616, KEYNOTE-905/EV-30317, NCT0420911418) in this
“curative-intent” setting. ICI is less toxic and better tolerated than CBC, but these agents
are not standard of care as neoadjuvant therapy, as data remain limited to single-arm phase 2
trials with moderate sample sizes and short follow-up. Moreover, costs associated with these
agents may increase the substantial financial burden associated with definitive treatment
options for MIBC, given the expense of radical cystectomy and PLND.1%:20 Acknowledging
the inherent differences of patients who are eligible or ineligible for cisplatin (based on
defined criteria?:22), there is a dire need to understand the cost-effectiveness and value

of various neoadjuvant therapeutic strategies. We hypothesized that 1CIs would not be
cost-effective since they have similar pCR rates to CBC but with higher costs. To address
this hypothesis, we evaluated the cost-effectiveness of neoadjuvant ICI compared with
standard of care CBC for treatment of MIBC in the US, focusing on pembrolizumab, since
the PURE-01 trial included cisplatin-fit patients. As an exploratory analysis, we attempted
to create a data-driven context of other ICls as a conceptual framework, with the caveat

that data on other ICls were derived from studies of cisplatin-ineligible patients (different
population).

2. Materials and Methods:

2.1 Study design and scope

We compared neoadjuvant ICIl with CBC as neoadjuvant treatment for patients with MIBC
using a series of parallel analyses. In our primary analysis, we compared pembrolizumab
to accelerated (dose dense) methotrexate, vinblastine, doxorubicin and cisplatin (ddMVAC)
with G-CSF (4 cycles). We also repeated the analysis with an alternate chemotherapy
regimen (gemcitabine/cisplatin [4 cycles]) and as an exploratory analysis with other ICls
(atezolizumab and nivolumab/ipilimumab).

The doses and schedules for ICls were based on clinical trials (PURE-017 for
pembrolizumab, ABACUSS® for atezolizumab and NABUCCO? for nivolumab/ipilimumab),
and for chemotherapy based on phase 2 trials.23:24 We assumed that all patients receiving
ddMVAC were treated with G-CSF and 10% of patients receiving GC were treated with
G-CSF. Since none of the neoadjuvant ICI trials have specifically reported RFS or OS

(and we were unable to attain despite reaching out to the investigators of all those trials),

we made the assumption that the RFS with ICI would be the same as with chemotherapy
depending on pCR status at the time of radical cystectomy.
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Outputs from the model include costs and 2-year RFS rate. These outputs are used to
calculate an incremental cost-effectiveness ratio (ICER) of cost per 2-year recurrence saved.
The perspective assumed for this analysis was that of a third-party payer. The time horizon
was two years. Given the short time horizon, no discounting was performed. The 2-year RFS
was selected as a clinically meaningful endpoint based on available retrospective data?® as
well as the selection of RFS as an endpoint in many currently ongoing randomized phase 3
trials.

2.2 Analytic approach

We used a decision analytic model to estimate health outcomes and costs (Figure 1). The
first node of the decision tree is the presence of pCR at the time of radical cystectomy and
the second node is for 2-year RFS. Table 1 shows the values and inputs for the probabilities
in the decision tree. The probability of pCR with ICI was derived from the pCR rate

from the respective ICI trials. For chemotherapy, the pCR rate for GC was derived from a
prior meta-analysis?® comparing neoadjuvant chemotherapy regimens from MIBC and for
ddMVAC based on a weighted average from two prior trials2324, The probability for RFS
was derived from a weighted average of the pCR stratified 2-year RFS reported by two
ddMVAC trials with available data?324. The study was designed and reported in accordance
with the CHEERS guidelines.2’

2.3 Cost and resource use

Drug costs were based on the July 2020 Average Sales Price (ASP) published by the Centers
for Medicare and Medicaid Services.28 Table 2 shows the estimated cost for each treatment
regimen. Chemotherapy doses were calculated based on an average 70kg patient and/or
body-surface of 1.86mg/m2, as required for dosing. All patients treated with ddMVAC

and 10% treated with GC29 were assumed to receive treatment with granulocyte colony-
stimulating factor (G-CSF). For GC, cost was based on a 21-day treatment cycle, but a
28-day cycle was factored into the one-way sensitivity range for this regimen.

2.4 Sensitivity analysis

We performed a one-way sensitivity analysis by varying each input to appropriate lower and
upper bounds and recording the effect on the model. Table 1 shows the lower and upper
bounds used and the source for this range. The 95% confidence interval was used for the
lower and upper bounds for the pCR rates in the ICI trials. The pCR range for chemotherapy
regimens was derived from a calculated 95% confidence interval for each regimen. The
range for RFS was based on the observed range in the contributing studies. Upper and lower
bounds for cost were calculated based on 25% range around the calculated cost.

We also did two threshold analyses to estimate the pCR rate required or the cost of

rebate required for pembrolizumab to meet a cost per 2-year recurrence of $100,000 as

an extrapolation from a regularly used willingness-to-pay threshold of cost per quality
adjusted life-year30. Finally, we performed a probabilistic sensitivity analysis (PSA) and the
distribution and input for the PSA are reported in Supplemental Table 1.
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3. Results:

The base case results are presented in Table 3. The proportion of patients with 2-year

RFS was 59.1% and 57.6% with pembrolizumab and ddMVAC, respectively, for a 1.5%
improved RFS with pembrolizumab. The cost of neoadjuvant treatment with pembrolizumab
was estimated to be $30,556 compared with $22,515 for ddMVAC (incremental cost
$8,042). This resulted in an ICER of cost per 2-year recurrence saved with pembrolizumab
of $522,143. This ICER would rise to $1,225,058 if pembrolizumab was compared

with gemcitabine/cisplatin (GC). Similar results were noted in exploratory analyses
comparing nivolumab/ipilimumab with ddMVAC or GC and comparing atezolizumab with
GC. However, atezolizumab had an incrementally lower cost of $3,677 and a 0.22%
incrementally better 2-year RFS compared with ddMVAC, so it was considered dominant in
for this analysis.

We performed a threshold analysis and estimated that an ICER of $100,000 per 2-year
recurrence would require a 21% reduction in cost compared with ddMVAC and a 89%
reduction in cost compared with GC. Alternatively, a pCR rate of 67% with pembrolizumab
would also yield an ICER of $100,000 when compared with ddMVAC. However, even a
pCR rate of 100% by pembrolizumab would not approach an ICER of $100,000 when
compared with GC.

A one-way sensitivity analysis was performed by individually varying each input to the
lower and upper bound and recording the output as specified above. Parameters most
influential in the primary analysis model were the cost of pembrolizumab, probability of
2-year RFS and cost of ddMVAC (Figure 2). Similar one-way sensitivity analyses were
performed for pembrolizumab vs. GC and for each of the other ICI regimens compared with
either ddMVAC or GC (supplemental figures 1-5).

Pembrolizumab was cost-effective 11% of the time with an ICER threshold of $100,000
(Figure 3). Similar results were noted comparing each ICI with GC or ddMVAC, with

the exception that—compared with ddMVAC—atezolizumab was cost-effective in 82% of
iterations (Figure 3).

4. Discussion:

As the most costly cancer from diagnosis to death on a per patient basis3!, costs associated
with bladder cancer care are substantial. Economic models estimate costs will be upwards of
$6 billion (for all ages and all phases of bladder cancer) in 202032, However, these models
do not account for the recent introduction of ICls into the treatment landscape. We evaluated
the cost-effectiveness of neoadjuvant ICI compared with standard of care CBC in patients
with MIBC and found that pembrolizumab would have an ICER over $500,000 per 2-year
RFS.

Despite the higher cost of ICls relative to CBC, pembrolizumab was previously shown to be
cost-effective relative to carboplatin-based chemotherapy at a willingness-to-pay threshold
of €100,000 in the Swedish healthcare system for the treatment of advanced urothelial
carcinoma in cisplatin-ineligible patients.33 However, pembrolizumab or other ICls were not
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cost-effectiveness in our modeling in the neoadjuvant setting. A notable exception was that
atezolizumab was dominant when compared with ddMVAC. Based on our modeling, the
cost of atezolizumab was $3,677 lower than ddMVAC and the 2-year RFS was marginally
better, suggested this could be a cost-effective treatment option. Though, atezolizumab has
not been evaluated and shown to be more effective than ddMVAC in a randomized trial,

a necessary step to confirm effectiveness. In addition, it also was not cost effective when
compared with GC. The lower cost estimated with atezolizumab was driven by fewer doses
of atezolizumab administered (two doses) in the ABACUS trial than when compared with
both chemotherapy and other ICls. Despite the fewer doses, the efficacy with atezolizumab,
as measured by pCR, was similar to that observed with other agents. This may be an
appealing option that can be considered in future ICI trials.

It is notable that the cost of chemotherapy with ddMVAC was substantially higher than GC.
This was largely due to the high cost of G-CSF needed with ddMVAC. It is possible that
biosimilar forms of G-CSF will improve the affordability, though the early data suggests
these remain similarly costly.3* Currently, either GC or ddMVAC is used as neoadjuvant
chemotherapy, in the absence of a definitive, adequately powered, published randomized
phase Il trial comparing these two regimens in the neoadjuvant setting. Most (but not all)
retrospective series have not noted significant differences in pCR rates between regimens.3°
A prior meta-analysis also suggested that GC and MVVAC have similar results, but this study
did not include ddMVAC.28 Two ongoing trials have reported mixed preliminary results. In
the GETUC/AFU V05 VESPER phase Il trial comparing these two regimens, ddMVAC had
higher pCR rates than GC (42% vs 36%).38 However, in the SWOG 1314 COXEN ftrial,
PCR rates were similar (32% with ddMVAC and 35% GC), though this was not the primary
objective of this trial.37

An appealing feature of ICls in the neoadjuvant setting is the favorable toxicity profile,
which may enable more patients with MIBC to receive neoadjuvant therapy. Prior studies
have estimated that fewer than 50% of patients are treated with neoadjuvant cisplatin-based
chemotherapy prior to radical cystectomy.38 One significant barrier to receipt of neoadjuvant
chemotherapy is eligibility for cisplatin.2 Therefore, ICIs may have a role in patients who
either refuse (despite proper counseling) or are ineligible for cisplatin-based chemotherapy.
Both the ABACUS and NABUCCO trials included in our exploratory analysis enrolled
patients who were cisplatin-ineligible or refused CBC, which is a different population;

this can certainly limit direct comparisons in our analysis. This is also relevant to the

fact that ongoing randomized phase Il trials with ICIs (alone or in combination), without
chemotherapy, involve only cisplatin-ineligible patients. Moreover, ongoing randomized
phase 111 trials in cisplatin-eligible patients are comparing CBC plus ICI to CBC alone, and
do not include ICI alone. The results of our analysis further support the latter point.

Notably, our current model does not factor in toxicity related to therapy. Without this
consideration, it is also possible that our model overestimates the value of CBC given

the generally higher toxicity of chemotherapy relative to 1Cls.3% However, while toxicity
related to ICls is less prevalent and less severe, immune-related adverse events can still
cause significant morbidity and can be costly.4? Similarly, in the PURE-01 trial there
were five patients (10%) initially treated with pembrolizumab who subsequently received
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CBC (due to toxicity or inadequate response to ICI) prior to radical cystectomy. None

of these patients achieved pCR, so they are unlikely to introduce bias into our model.
Despite promising preliminary results with ICls, more mature data and randomized phase
3 trials are needed to confirm their clinical benefit in the neoadjuvant or peri-operative
setting. Currently, there are five ongoing phase 3 trials investigating ICIs in cisplatin-
eligible (NIAGARA4 ENERGIZE®, KEYNOTE-86616) and cisplatin-ineligible patients
(KEYNOTE-905/EV-30317, NCT0420911418). As these agents continue to make their
way through development and regulatory consideration, a relevant parameter is also the
cost of therapy. The rising cost of cancer care continues to be a significant area of

concern for patients and payers in the US and around the world. This concern has led

to the development of value frameworks by the American Society of Clinical Oncology,
the National Comprehensive Cancer Network, Memorial Sloan Kettering Cancer Center,
European Society of Medical Oncology, and the Institute for Clinical and Economic Review.

One proposed approach to address the rising cost of cancer care is the use of value-based
pricing to adjust the price of treatment to meet the benefit measured. Here, cost-effectiveness
analyses can help inform the value and pricing accordingly. In our study, we used a
threshold analysis to identify that pembrolizumab would potentially approach an acceptable
cost-effective threshold (compared with ddMVAC) with a 21% rebate from the base price
input into our model and a heftier 89% rebate compared with GC. Though, this analysis
assumes that willingness-to-pay thresholds for cost per quality adjusted life year would be
the same for our model output as cost per 2-year RFS.

Our findings need to be interpreted within the context of the study design. We used a model-
based analysis that used early (mostly single arm phase 1) clinical trial results and average
sales price for drug costs without real-world data. In addition, the different comparator
arms in our model are not from the same clinical trial. Thus, we made comparisons across
clinical trials, with heterogeneous populations (cisplatin-eligible vs. cisplatin-ineligible),
which can introduce selection and confounding biases. However, most trials enrollees were
similar in many of the clinical and tumor characteristics. We also extrapolated RFS for

ICI based on chemotherapy trials, as there is no mature RFS data available. We also could
not analyze data from all the available trials due to absence of data granularity. Lastly, we
did not include additional “micro-costs” associated with other factors, e.g. missed work,
patient transportation and lodging, infusion, professional and facility fees, or diagnosis and
management of therapy-related adverse events. Given the substantial costs associated with
ICIs and ICERSs calculated, these additional cost considerations would likely not impact our
findings. Despite these inherent limitations, we present the first cost-effectiveness analysis
comparing neoadjuvant ICI vs CBC for localized resectable MIBC. These data can create

a relevant literature context and certainly inform discussions, among several stakeholders,
about drug development and pricing, as these agents continue to be investigated in large
randomized phase 111 trials.

5. Conclusion

In summary, although ICls are very promising agents for neoadjuvant treatment of MIBC,
they remain costly. Price rebates and/or other approaches to reduce the price may help
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render these agents cost-effective for future use in the neoadjuvant setting. Randomized
clinical trials and “pragmatic real-world studies” can provide additional datasets for future
cost-effectiveness analyses, which can be relevant in our financially challenged healthcare
systems.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Decision tree used for cost-effectiveness analysis comparing neoadjuvant ICI to neoadjuvant

cisplatin-based chemotherapy
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Figure 2.

Tornado diagram of the one-way sensitivity analyses for comparison of Pembrolizumab to

ddMVAC.
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Model probability input parameters (with one-way sensitivity analysis range) and data source

Probability  Lower bound Upper bound
Parameter WSA OWSA Source
pCR with ddMVAC 0.30 0.20 0.41 Choueiri et al.23 and Plimack et al 24
pCR with GC 0.26 0.23 0.28 Yin et al.26
pCR with pembrolizumab (PURE-01) 0.37 0.28 0.46 PURE-017
pCR with atezolizumab (ABACUS) 0.31 0.21 0.41 ABACUSE
pCR with ipi/nivo (NABUCCO) 0.46 0.26 0.67 NABUCCO10
2-year recurrence free survival if pCR 0.73 0.6 0.9 Choueiri et al.23 and Plimack et al.24
2-year recurrence free survival if no pCR ~ 0.51 0.4 0.6 Choueiri et al.23 and Plimack et al.2*
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Regimen Number of cycles Cost per Cost with Lower bound Upper bound
neoadjuvant alternate sensitivity range sensitivity range
treatment course dosing
ddMVAC + G-CSF 4 $22,515 $16,886 $28,143
felol 4 $910 $765 $574 $1,137
Pembroli zumab 3 $30,556 $22,917 $38,195
Atezolizu mab 2 $18,838 $14,129 $23,548
Nivoluma b/Ipilimu 2x Ipilimumab 3mg/kg + $74,052 $55,539 $92,565

mab 1x Nivolumab 1mg/kg + 1x

Nivolumab 3mg/kg

*
Alternate dosing with 3wk cycle instead of 4wk cycle
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Table 3.
Cost-effectiveness analysis results
Cost Inc. Cost  Survival Inc. Survival ICER (per 2 yr RFS)
Chemotherapy (GC) $910 - 0.5672 -
Pembrolizumab $30,556  $29,646 0.5914 0.024 $1,225,058
Atezolizumab $18,838  $17,928 0.5782 0.011 $1,629,855
Nivolumab + Ipilimumab ~ $74,052  $73,142 0.6112 0.044 $1,662,327
Chemo (ddMVAC) $22,515 0.5760
Pembrolizumab $30,556 $8,042 0.5914 0.015 $552,143
Atezolizumab $18,838  -$3,677 0.5782 0.002 DOMINANT
Nivolumab + Ipilimumab ~ $74,052  $51,537 0.6112 0.035 $1,464,119

Abbreviations: GC, gemcitabine/cisplatin; ddMVAC, dose-dense methotrexate, vinblastine, doxorubicin, cisplatin

Urol Oncol. Author manuscript; available in PMC 2022 October 01.

Page 16



	Abstract
	Introduction:
	Materials and Methods:
	Study design and scope
	Analytic approach
	Cost and resource use
	Sensitivity analysis

	Results:
	Discussion:
	Conclusion
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1.
	Table 2.
	Table 3.

