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ABSTRACT 

Aim: To evaluate the cost-effectiveness of adjuvant nivolumab compared with surveillance 

for the treatment of patients with high-risk muscle-invasive urothelial carcinoma (MIUC) 

after radical resection from a US healthcare payer perspective and to investigate the impact of 

alternative modeling approaches on the cost-effectiveness results.  

Material and Methods: A four-state, semi-Markov model consisting of disease free, local 

recurrence, distant recurrence, and death health states was developed to investigate the cost-

effectiveness of nivolumab compared with surveillance over a 30-year time horizon. The 

model used data from the randomized CheckMate 274 study (NCT02632409) and published 

literature to inform transitions among health states, and inputs on cost, utility, adverse event, 

and disease management. Scenario analyses were conducted to investigate the impact of 

model structure and key assumptions on the results. One-way deterministic and probabilistic 

sensitivity analysis were conducted to investigate the robustness of the results. 

Results: Total expected costs were higher with nivolumab ($162,278) compared with 

surveillance ($63,027). Nivolumab was associated with improved survival (1.61 life-years 

gained compared with surveillance) and an incremental gain of 0.98 quality-adjusted life-

years (QALYs). Although total treatment costs were higher for nivolumab, cost offsets were 

observed because of delayed or avoided recurrences and deaths experienced with nivolumab 

compared with observation. The incremental cost-effectiveness and cost-utility ratios were 

$61,462/life-year and $100,930/QALY.  

Limitations: At the time of analysis, CheckMate 274 had limited follow-up on disease-free 

survival and no overall survival data. The limited evidence necessitated assumptions on 

modeling survival after each type of recurrence. 
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Conclusions: Nivolumab is estimated to be a life-extending and cost-effective option for 

adjuvant treatment of MIUC for patients who are at high risk of recurrence after undergoing 

radical resection in the United States. Using a threshold of $150,000/QALY, the cost-

effectiveness conclusions remained consistent across the scenario and sensitivity analyses 

conducted. 

Keywords: Adjuvant treatment; incremental cost-effectiveness ratio; incremental cost-utility 

ratio; muscle-invasive urothelial carcinoma; nivolumab; decision analysis; Markov model  

JEL codes: C10; C1; C; C18; C1 

Running Head: Cost-effectiveness of nivolumab for MIUC  

 

Introduction 

Bladder cancer is the fourth most common cancer in men in the United States (US), with an 

estimated 81,180 new diagnoses overall in 2022 in the US [1]. With its significant mortality 

and morbidity profile, it is among the most expensive tumors to treat over a lifetime [2]; 

average lifetime treatment cost per patient is estimated at $117,000 to $191,000 dependent on 

stage of diagnosis [3].  Urothelial carcinoma (UC), accounting for approximately 90% of 

bladder cancers, represents the predominant histologic type [4]. The majority of patients who 

die from UC have an initial primary muscle-invasive UC (MIUC) diagnosis, which is 

associated with a higher risk of recurrence and poorer prognosis despite curative intent of 

radical surgery (cystectomy, nephroureterectomy, or urethrectomy) with or without 

(neo)adjuvant therapy [5].   

MIUC is typically managed with radical resection (RR) after neoadjuvant cisplatin-

based combination chemotherapy. Cisplatin-based adjuvant chemotherapy may be considered 

for patients who do not receive neoadjuvant chemotherapy, have no contraindication to 
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cisplatin, and are at high risk of recurrence, but there is a lack of strong evidence to support 

this practice [5,6]. For patients with upper urinary tract UC, minimally invasive surgery with 

perioperative chemotherapy is the recommended approach [7].  

Nivolumab is a fully human immunoglobulin G4 monoclonal antibody that became 

the first immuno-oncology agent to receive US Food and Drug
 
Administration approval for 

the adjuvant treatment of patients with UC who are at high risk of recurrence after 

undergoing RR [8].
 
The efficacy of nivolumab for the adjuvant treatment of MIUC was 

demonstrated in the placebo-controlled phase 3 CheckMate 274 trial (NCT02632409). The 

study population in this trial was adults (aged ≥ 18 years) who were at high risk of recurrence 

after undergoing RR of MIUC originating in the bladder or upper urinary tract (renal pelvis 

or ureter) [9]. In CheckMate 274, nivolumab significantly improved disease-free survival 

(DFS) compared with placebo, with a hazard ratio of 0.70 (95% confidence interval [CI], 

0.57-0.85) in the intention-to-treat (ITT) population for the database look lock underpinning 

this analysis. Reported median (95% CI) DFS for the ITT population was 22.0 (17.7-36.9) 

months for the nivolumab arm compared with 10.9 (8.3-14.0) months for the placebo arm [7].  

With increased cost of cancer treatments in the US, a shift toward value-based 

oncology has been suggested [10], and cost-effectiveness analyses have become increasingly 

relevant to decision-making in the US [11]. With the introduction of nivolumab in the 

adjuvant setting of MIUC, it is therefore important to investigate whether offering 

immunotherapy in an earlier setting would be a cost-effective treatment option.  

There were two main objectives in our study. The first objective was to evaluate, from 

a US payer perspective, the cost-effectiveness of adjuvant nivolumab compared with 

placebo—a proxy for surveillance in CheckMate 274—in patients with high-risk MIUC after 

RR. The second objective was to compare differences in cost-effectiveness results 

for adjuvant nivolumab across alternative modeling approaches. 
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Methods 

Model overview 

The model was developed based on the challenges, considerations, and approaches presented 

in an accompanying article [12]. The base-case model (Figure 1) was developed as a four–

health-state, semi-Markov model consisting of mutually exclusive health states: disease free 

(DF), local recurrence (LR), distant recurrence (DR), and death with a cycle length of 1 

week. The four-state model denotes a better representation of the clinical progression of 

MIUC compared with a three-state model by differentiating the prognoses between LR and 

DR, and their associated costs and health outcomes [12]. To investigate the impact of this 

structural assumption on the long-term projection of survival outcomes and cost-effectiveness 

of nivolumab, an option merging LR and DR into a single recurred-disease health state and 

reducing the number of states into three was also available in the model (Supplementary 

Material A, Figure A-1). Differences in outcomes using the three-state model are presented in 

a scenario analysis. 

The analysis was carried out from a US healthcare payer perspective. Cost-

effectiveness results are expressed as incremental cost per life-year (LY) gained (incremental 

cost-effectiveness ratio [ICER]) and incremental cost per quality-adjusted LY (QALY) 

gained (incremental cost-utility ratio [ICUR]), consistent with the reference case for 

economic evaluations published by the Institute for Clinical and Economic Review [13]. 

Based on the median age at diagnosis (73 years) [14] and the possibility for long-term 

remission after RR with or without adjuvant treatment with nivolumab, time horizon of 

30 years was chosen to reflect all important differences in costs or health outcomes between 

adjuvant nivolumab and surveillance over a lifetime while capturing all intended and 

unintended consequences associated with them. 
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Costs and health outcomes were discounted with a 3% annual discount rate per US 

guidelines [13]. Transition probabilities were informed based on survival analysis of both 

CheckMate 274 efficacy data and data from the published literature [15-17]. Estimates for the 

utility scores in each health-state were based on EQ-5D 3-Level version (EQ-5D-3L) data 

collected in CheckMate 274. Drug acquisition costs for year 2022 were obtained from RED 

BOOK [18], whereas drug administration, monitoring, and routine disease management costs 

were derived from Centers for Medicare and Medicaid Services (CMS) data [19]. All costs 

were inflated to 2022 US dollars. End-of-life care and disease management resource use 

(outpatient visits, monitoring tests, surgery, and terminal care) were based on clinical expert 

input. Details on model inputs are presented in the Supplementary Material. The model was 

developed in Microsoft Excel, and the survival analyses used to obtain transition probabilities 

were conducted in R version 4.1.1 using the survival, flexsurv, and bshazard packages. The 

following sections provide methodological details on model parameterization.  

Health-state transitions 

Disease-free state 

In the model, patients’ disease evolution starts in the DF health state, during which they 

receive either adjuvant treatment with nivolumab for up to 1 year or surveillance unless 

treatment is stopped due to recurrence or unacceptable toxicity. At each model cycle, patients 

can experience disease recurrence (either LR or DR), die, or remain in the DF health state. To 

inform the lifetime modeling of outcomes, extrapolation of survival data from CheckMate 

274 trial data was needed. However, as the majority of recurrences occur within the first 2-3 

years after RR [17,20] and there is a possibility of clinical cure for MIUC patients undergoing 

RR, patients who were DF until a prespecified timepoint were considered as cured [6,21,22]. 

Beyond this timepoint, patients are no longer at risk of a recurrence event or disease-related 

mortality, and their survival can be characterized by general population mortality. Therefore, 
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the actual length of the time horizon for which DFS extrapolations are needed is considerably 

shorter than the assumed lifetime of 30 years.  

Identification of the cure timepoint for the model was based on clinical guidelines, 

published long-term DFS data, and clinical input. The National Comprehensive Cancer 

Network guidelines for bladder cancer (version 1.2022) [5] recommend monitoring patients 

for 5 years after RR if they have not experienced disease recurrence. Clinical input received 

confirmed this as standard practice, as risk of recurrence after 5 years would be considered 

very low. Monitoring for recurrence up to 5 years is also supported by the literature, where 

Cagiannos and Morash [20], in a review of patterns of recurrence for patients with muscle-

invasive bladder cancer, reported that only 2-3% of patients relapsed between 5 and 10 years 

after RR [5]. Further, published DFS data with median 7 years of follow-up from the EORTC 

30994 trial [17], which investigated immediate versus deferred chemotherapy after radical 

cystectomy in patients with UC of the bladder, showed there was a very low risk of 

recurrence after 5 years in both arms of the study (Figure 2). Finally, the smoothed hazards of 

DFS for both nivolumab and placebo showed convergence with mortality hazards of general 

population by 5 years (Figure 2). Based on this evidence, 5-years of DF status was assumed 

to represent functional cure in the base case.  

In the model, the gap in the DFS data between the end of CheckMate 274 follow-up 

and the time of functional cure needed to be filled with survival extrapolations or external 

data. Following National Institute for Health and Care Excellence (NICE) methods guidance 

[23,24], standard parametric and spline-based survival models were fitted to CheckMate 274 

data to estimate long-term DFS. However, these models either provided poor fits to the DFS 

Kaplan-Meier (KM) curves reported from CheckMate 274 or resulted in clinically 

implausible long-term predictions (see Supplementary Material B). Therefore, alternative 
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approaches for extrapolation formally incorporating additional external evidence [24,25] 

were explored.  

DFS KM curves from the control arms of CheckMate 274 and EORTC 30994 showed 

substantial closeness (Figure 3), and smoothed DFS hazards were very similar between these 

two sources starting at year 3 (Figure 2). Therefore, the observed DFS hazards from EORTC 

30994 between years 3 and 5 were used to extend the DFS hazards from CheckMate 274 

follow-up until functional cure at 5 years making the DFS extrapolations distribution-free. 

Therefore, in the base case model setting, observed DFS data from CheckMate 274 trial were 

used to model DFS up to 3 years, followed by an adjustment using the DFS hazards from the 

deferred chemotherapy arm of EORTC 30994 for up to 5 years [17]. The external hazard 

adjustment using external data from EORTC 30994 between 3 and 5 years was applied for 

both surveillance and nivolumab DFS predictions based on the EORTC 30994 estimates, 

conservatively assuming no further treatment effect on DFS for nivolumab beyond the 3-year 

follow-up in CheckMate 274.
 
In line with the functional cure assumption, the mortality trend 

of the patients who were DF at year 5 was assumed to follow that of US general population 

with identical baseline age and gender distribution in the CheckMate 274 trial. In the model, 

functionally cured patients  had no risk of disease recurrence and no excess mortality due to 

disease.  

Given that overall survival (OS) data from CheckMate 274 were still unavailable at 

the time of model development, DFS events could not be individually identified as LR, DR, 

or death in the data. However, the total numbers of LR, DR, and death events from the DFS 

data pooled across both study arms for the full study period (to database lock) were available. 

Therefore, to simplify the calculation of transition probabilities from the DF state, the 

proportion of the first recurrence events was assumed to be constant over time until the 

functional cure timepoint was reached. Transition probabilities from DF to each health state 
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was calculated by splitting the total likelihood of departing the DF state using the relative 

fractions of LR, DR, and pre-recurrence death events over the entire follow-up [26]. Potential 

impact of the constancy assumption of DFS events on the results was investigated through 

scenario analyses using external data to estimate the proportion of events [27].  

Local recurrence state 

Patients entering the LR state were assumed to receive subsequent surgery and radiotherapy, 

and to be at risk of experiencing DR or death. Survival and transition estimates from the LR 

health state were informed by the time to first-subsequent event (DR or death) from LR data 

from CheckMate 274. Due to the limited number of patients in CheckMate 274 who 

experienced DR or death subsequent to LR, data from both arms of the study were pooled to 

increase the robustness of the survival analysis. Therefore, no treatment effect from adjuvant 

therapy with nivolumab was assumed for events after LR.  

Time to first subsequent event data from LR was extrapolated parametrically using 

the exponential distribution for the model base case (see Supplementary Material C for 

further details). Similar to assumptions made for the transitions from the DF state, the relative 

fraction of first subsequent events after LR was assumed to be constant over time and based 

on the total number of events reported during the entire trial follow-up. As mentioned in our 

companion paper [12], the possibility of functional cure for the LR patients could have been 

incorporated into the model in a similar fashion to the functional cure assumption applied for 

DF patients. However, external trial data on the frequency of DR and death events after LR, 

to our knowledge, are not common. There are only a few studies reporting survival outcomes 

for LR patients. Two of these studies report KM curves for survival after LR and one report 

only median survival after LR [17,27,28].  None of these studies report data on the 

breakdown of first subsequent events between DR and death, or had sufficient follow-up to 
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support the functional cure of disease after LR. Therefore, cure was not assumed for the LR 

health state in the model. 

Distant recurrence state 

Patients entering the DR state were assumed to receive first line (1L) systemic therapies for 

the treatment of metastatic UC (mUC). The distribution of subsequent treatments for 

recurrent patients in the model was informed by CheckMate 274 data. The credibility and 

maturity of the subsequent treatment distribution in the trial for its reflection of the clinical 

practice in the US at the time of model development were verified by clinical experts. 

Alternative distributions of subsequent treatments based on real-world data [29] were tested 

in a scenario analysis.  

Given the lack of OS data from CheckMate 274 to inform transitions from the DR 

health state, external survival data for each treatment in the 1L mUC setting were used as a 

proxy for survival after a DR event. In the base-case analysis, health-state occupancy for DR 

was based on estimation of DR survival and applied through a tunnel-state approach to ensure 

that the time of entering the health state could be tracked (see [12] for the rationale for this 

approach), and modeling of DR as an absorbing health state (applying one-off costs and 

outcomes at time of entry to the DR state) was explored via scenario analyses. 

A published systematic literature review and indirect treatment comparison (ITC) 

were conducted to identify survival data (KM curves) and relative treatment effect between 

1L mUC treatments used in the DR state [16]. Given that the choice of treatment for 1L mUC 

differs depending on patients’ cisplatin-eligibility and that immunotherapies are approved 

only for cisplatin-ineligible patients with programmed death-ligand 1 (PD-L1) –positive 

status, separate ITCs were conducted for each patient subgroup with respect to their cisplatin 

eligibility and PD-L1 expression. For carboplatin plus gemcitabine and cisplatin plus 

gemcitabine combination therapies, the KM data for 1L mUC survival [15,30] were extracted 
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for each combination through digitization. Based on the digitized KM data, pseudo–patient-

level data were constructed [31], which enabled parametric survival models to be fitted for 

each treatment to estimate long-term survival following NICE methods guidance [23,24]. 

Modeling the survival of patients receiving immunotherapy treatments atezolizumab or 

pembrolizumab was based on hazard ratios estimated from an ITC, which were applied to the 

predicted long-term OS for carboplatin plus gemcitabine combination therapy [16]. The 

resulting predicted survival was used to estimate health-state occupancy, and thus QALYs 

and LYs, by using a series of submodels for each individual 1L mUC treatment. Using the 

outcomes per 1L mUC treatment and the distribution of subsequent treatment from 

CheckMate 274 (Supplementary Material F), the overall weighted outcomes of subsequent 

treatments for the nivolumab and surveillance arms were estimated. 

Dead state 

The dead health state was modeled as absorbing and associated with no healthcare costs and 

health outcomes, and transitions to dead were estimated separately for each health state. In 

the DF health state, deaths were modeled on the basis of DFS extrapolation and the 

proportion of death events observed in CheckMate 274 until year 5, after which patients’ risk 

of dying was represented by age- and sex-matched, US-specific general population mortality. 

Similarly, in the LR health state, deaths were modeled indirectly using the extrapolated 

composite endpoint measuring time from LR to DR or death in CheckMate 274 and the 

proportion of death events observed prior to DR for patients in LR. For the DR health state, 

mortality was based on OS data for each subsequent 1L mUC treatment. 

Adverse events 

Grade 3 or 4 treatment-emergent adverse events (AEs) with an incidence rate of ≥ 2% from 

CheckMate 274 were included in the model. However, costs of AEs were conservatively 
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applied only to the nivolumab arm of the analysis (Supplementary Material D, Table D-1). 

AE costs were derived from International Classification of Diseases, Ninth Revision, Clinical 

Modification codes and estimated using US national inpatient sample data from the 

Healthcare Cost and Utilization Project for UC (Supplementary Material E). Utility 

decrements for each AE were sourced from published literature (Supplementary Material F). 

Utilities 

Patient-level EQ-5D-3L data from CheckMate 274 were used to estimate utility values 

associated with each state. Common health state values were used across both treatments as 

no clinically meaningful differences were observed between the treatment arms in 

CheckMate 274 [32]. To estimate mean values of EQ-5D-3L for each health state, linear 

mixed-effects repeated measures (MMRM) models with random intercepts were used to 

estimate the impact of recurrence on changes in EQ-5D-3L health utility scores from 

baseline. The MMRM models used the restricted maximum likelihood estimation method and 

included intercept as a random effect to account for the differences in intercept between 

patients. An unstructured covariance matrix was applied to obtain the random-effects 

variance components. The dependent variable for the MMRM models was change in EQ-5D-

3L health utility values from baseline across all assessment visits. The least squares (LS) 

mean change scores were estimated for each health state based on each MMRM model. 

Regression coefficients for covariates included in the MMRM models and differences in LS 

mean changes between health states were also estimated and summarized. The estimated 

utility values per health state are provided in Supplementary Material F. 

Resource use and costs 

The model included costs of drug acquisition, drug administration, disease monitoring, 

subsequent treatment, and end-of-life care. The following sections present an overview of 
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resources and costs considered in the model, while the estimates for the frequency of resource 

use and unit costs are provided in Supplementary Material E.  

Time on adjuvant nivolumab treatment 

The model uses the mean number of doses of nivolumab treatment reported from CheckMate 

274 to for the calculations of drug acquisition, administration, and monitoring. Because of the 

trial-mandated 1-year cap on adjuvant treatment with nivolumab, all treatment-associated 

costs are accrued within the first year of the time horizon. Furthermore, at the time of 

database lock for CheckMate 274, the time-on-treatment data for nivolumab were almost 

fully mature. With the exception of one patient, the entire cohort either completed the course 

of treatment or discontinued. Therefore, extrapolation of time on treatment was not required, 

and the observed mean doses in the trial were used as a direct evidence of total treatment 

duration. 

Drug acquisition, administration, and monitoring costs of nivolumab 

The analysis included drug acquisition costs for nivolumab based on the biweekly 240-mg 

flat dosage received in CheckMate 274 and the cost of nivolumab obtained from RED BOOK 

[18]. Unit costs for drug administration were derived from CMS data [33], inflated to 2022 

US dollars based on the consumer price index for medical care from Bureau of Labor 

Statistics [19,34], and applied at the same rate as the treatment frequency. Monitoring costs 

reflected treatment-specific resource use such as laboratory evaluations and scans, which 

were required to ensure that patients tolerated treatment, and were applied every 4 weeks in 

the model. The unit cost of each resource use was derived from CMS data [19,33] and 

inflated to 2022 US dollars. 
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Health-state costs 

In the model, disease management costs were health-state specific. They were calculated and 

incorporated into the model based on 4-week healthcare resource consumption and care 

needed by patients after RR, regardless of treatment. Given the curative intent of RR [5], in 

line with the functional cure assumption in the model, DF patients incurred disease 

management costs only until year 5, after which no further follow-up was required. 

Frequency of resource use (outpatient visits, monitoring tests, surgery, and terminal care) for 

the calculation of disease management cost was based on clinical expert input. Unit costs of 

each resource were obtained from CMS data [19,33] and inflated to 2022 US dollars. To 

account for the medical costs associated with end-of-life care, a one-off cost of terminal care 

was included in the model [19]. The cost of terminal care was sourced from the literature 

[35], inflated to 2022 US dollars, and applied only to patients transitioning into the death 

health state in each model cycle. 

Cost of subsequent treatment 

For patients experiencing LR, a cost of subsequent surgery or subsequent radiotherapy was 

applied based on their respective rates observed in CheckMate 274.  

Drug acquisition and administration costs associated with each 1L mUC treatment 

were based on time-on-treatment data extracted from the publications of the pivotal trials 

identified in a systematic literature review [16]. The proportion of patients receiving each 

subsequent treatment that was used to calculate the weighted cost of all subsequent treatment 

was calculated using the subsequent treatment shares observed in CheckMate 274.  Acc
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Sensitivity analyses 

Deterministic and probabilistic sensitivity analyses and scenario analyses were conducted to 

assess the impacts of uncertainty in model inputs, assumptions, chosen data, and structural 

choices on cost-effectiveness results.  

In one-way deterministic sensitivity analyses, parameters were varied by their 

estimated or reported standard error where available, or ±20% of their base-case value when 

data suitable for calculating the standard error were not available, to generate the boundary 

high and low values around the point estimate of each parameter tested, except for annual 

discount rates, which were varied between 0% and 6%. For the probabilistic sensitivity 

analysis, parameters were simultaneously sampled from parametric distributions to generate 

estimates of the costs and health outcomes in each treatment arm. Parameter uncertainty was 

incorporated using normal, beta and gamma distributions according to recommendations in 

the literature [36] based on estimated or reported standard error, or ±10% of the parameter 

base-case value.   

Scenario analyses 

A secondary aim of this study was to study the impact of alternative modeling approaches in 

cost-effectiveness of adjuvant nivolumab [12]. There were two scenario analyses undertaken 

to quantify the impact of the modeling methodology on the results: 

 Merging LR and DR into a single, recurrent disease health state 

 Modeling costs and outcomes of subsequent treatments as one-off parameters accrue once 

when patients transition into the DR health state. This approach waives the need for 

tunnel states to track the time spent in DR state.  

In addition to scenarios testing these methodological assumptions, scenario analyses were 

conducted to investigate the impact of alternative data assumptions for the analysis. These 
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included linear decline in the proportion of recurrence events being a DFS event from year 1 

to 5, time from LR to DR or death modeled with log-normal distribution (statistically best-

fitting distribution and requiring time-varying hazards to be modeled via tunnel states), DFS 

cure timepoint assumption, and proportion of subsequent treatments based on real-world 

evidence. 

Results 

The results of the base-case analysis showed that adjuvant nivolumab therapy was associated 

with a 1.61-LY increase compared with surveillance (total LYs: 9.55 vs 7.93). This 

difference was mostly because of the superior DFS profile of nivolumab, which either 

reduced or postponed recurrence and death events compared with surveillance (Table 1). A 

large proportion of total LYs were accrued in the DF health state for both nivolumab (87%) 

and surveillance (83%), and mean DFS was 1.73 LYs greater with nivolumab treatment 

compared with surveillance (8.30 vs 6.57). Total QALYs were 6.11 for adjuvant nivolumab 

and 5.13 for surveillance, resulting in an incremental gain of 0.98 QALYs.  

Total costs and treatment-related costs were higher for adjuvant nivolumab than 

surveillance, but cost offsets were observed related to delays in recurrences and deaths (Table 

1). The estimated total costs were $162,278 and $63,027 for adjuvant nivolumab and 

surveillance, respectively. Combined with the incremental gains in LYs and QALYs, the 

estimated incremental cost per LY gained (ICER) was $61,462, and incremental cost per 

QALY gained (ICUR) was $100,930 for adjuvant nivolumab versus surveillance. 

Sensitivity analyses  

The tornado diagram summarizing the results of one-way deterministic sensitivity 

analyses for the 10 most influential parameters on the ICURs is shown in Figure 4. Among 

all parameters, the discount rate used for QALYs had the largest impact on the results (30% 
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decrease in ICUR with 0% discount rate and 24% increase in ICUR with 6% discount rate) 

followed by the utility value for the DFS health state. The remaining parameters that were 

changed in the one-way deterministic sensitivity analysis resulted in only marginal changes in 

ICUR (less than 1%). 

The cost-effectiveness acceptability curve obtained from the probabilistic sensitivity analysis 

is presented in Figure 5. The sample average cost per QALY across all simulations in the 

probabilistic sensitivity analysis of $103,064 was similar to that in the base-case ICUR. The 

probabilistic sensitivity analysis confirmed the robustness of the model results, with 

nivolumab having 99% probability of being cost-effective at willingness-to-pay thresholds of 

$150,000 per QALY [13]. 

Scenario analyses 

As can be seen in Table 2, the majority of alternative scenarios tested had a limited impact on 

the results. The scenarios with the largest impact on ICER were the three–health-state model 

scenario (ICUR, $91,498) and the scenario utilizing real-world evidence to inform 

distributions of subsequent treatments ($127,825).  

Discussion 

This study investigated the cost-effectiveness of adjuvant nivolumab compared with 

surveillance in patients with high-risk MIUC after RR from a US perspective. The findings 

suggest that adjuvant nivolumab is a cost-effective treatment in patients with MIUC with a 

threshold of $150,000 per QALY and an estimated ICUR of $100,930 compared with 

surveillance. The probabilistic sensitivity analysis showed that nivolumab would have a 99% 

probability of being cost-effective at willingness-to-pay thresholds of $150,000 per QALY. 

Although adjuvant treatment with nivolumab increases the patient’s overall cost to the payer 
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over a course of a lifetime compared with surveillance, it also leads to substantial 

improvement in DFS with a corresponding 1.73 LY extension.   

The current analysis also explored the alternative modeling options and examined the 

structural uncertainty in the ICURs due to methodology followed in the development phase 

of this economic model [12]. One of the key considerations for the model structure was the 

differentiation of LR and DR. By merging LR and DR into a single recurrent disease state, 

the model would take the conventional three-state structure, which is commonly employed in 

the cost-effectiveness assessments of oncological interventions. By splitting the recurrence 

state into LR and DR states, the resulting four-state structure better represented the nuances 

in the natural clinical progression of MIUC[17,27,28]. However, the current analysis showed 

that differentiation of recurrences in the model as LR and DR did not have a major impact on 

the ICURs and the conclusion that nivolumab is a cost-effective adjuvant treatment option for 

high-risk MIUC.  

A second key structural component of the model that was assessed in different forms 

was the estimation of costs and health outcomes of subsequent treatments with or without 

tunnel states. As shown in the scenario analysis results, modeling the DR as an absorbing 

state with one-off costs and health outcomes had almost identical ICUR as the base case that 

used tunnel states.  

Strengths and limitations 

As with all model analyses, the current analysis includes strengths and limitations. One of the 

key strengths of the current analysis is that the CheckMate 274 trial provides head-to-head 

data for comparison with surveillance and EQ-5D data to inform health-state utility values. 

Data on time on treatment for nivolumab from CheckMate 274 were almost fully mature at 

the time of model development, which limits uncertainty around  nivolumab-related costs on 

the model results. With incorporation of external data from the EORTC 30994 trial to 
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extrapolate DFS beyond the CheckMate 274 trial data and a conservative assumption that 

nivolumab follows the same long-term hazard as control until the cure timepoint, the 

uncertainty of long-term extrapolation was reduced.  

A further strength of the analysis is that the modeling of subsequent treatment 

received in DR not only accounts for treatment costs but also survival, which makes the 

model capable of predicting post-DR survival for the individual subsequent treatment. The 

model is thereby flexible in that it will be able to incorporate future updates in 1L mUC 

treatment options for patients in a rapidly changing treatment landscape. Similarly, modeling 

subsequent therapy based on tunnel states allows for alternative survival distributions to be 

tested and to account for time dependency of survival from the time of entering the health 

state. 

Finally, a key strength of the current analysis was the exploration of the uncertainty in 

the results with respect to parameters through sensitivity and scenario analyses and with 

respect to changes in the structural features of the model.  

A limitation of the current analysis is that data related to long-term survival from 

CheckMate 274 were not fully mature at time of model development. OS data were still 

unavailable at the time of this analysis, which required assumptions to be made around 

modeling of post recurrence survival. Similarly, long-term data were not available for post-

LR and post-DR survival for patients with MIUC who have undergone RR. The data on time 

to subsequent event from DR from CheckMate 274 were immature, and thus data from the 

literature for the 1L mUC setting were used as a proxy for post-DR survival in our model.  

By using survival data from the 1L mUC literature as a proxy for the survival in the DR state, 

it was not possible to account for the impact of prior RR and prior exposure to adjuvant 

treatment on the survival beyond DR. However, when longer term follow-up data from 
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CheckMate 274 become available, the model can be updated to validate the outcome of the 

current analysis. 

Conclusion 

To the knowledge of the authors, this is the first study quantifying the economic value of an 

adjuvant systemic treatment of MIUC versus RR followed by surveillance. The results of this 

analysis suggest that from a US healthcare perspective, adjuvant nivolumab is a cost-effective 

treatment option, with a willingness to pay threshold of $150,000 per QALY compared with 

surveillance in patients with high-risk MIUC after RR. The results of the analysis were robust 

to both changes in data and structural assumptions used in the model. Although 87% and 83% 

of total LYs were accrued in the DF health state for nivolumab and surveillance, respectively, 

modeling based on interim outcomes such as DFS, when data on OS are still not available, 

will always involve some uncertainty. Thus, future analyses should be conducted to 

investigate the predictive ability of the current structural and data assumptions with more 

mature data when available. Such analyses providing comparison and validation of the 

predictions from the four-state Markov model are thus left as a future research direction when 

the OS data from the trial become available. 
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Tables With Caption(s) (on individual pages) 

Table 1. Base-case results (costs and health outcomes, discounted). 

 Nivolumab Surveillance 

Total costs
a
 $162,278 $63,027 

Drug acquisition $121,584 − 

Drug administration $2,234 − 

Monitoring $504 − 

Disease management $15,668 $13,461 

Subsequent treatment $12,850 $39,995 

Surgery and radiotherapy $69 $46 

Terminal care $9,030 $9,525 

Adverse events $340 − 

Total QALYs 6.11 5.13 

DF state 5.27 4.18 

LR state 0.27 0.31 

DR state 0.58 0.64 

Total LYs 9.55 7.93 

DF state 8.30 6.57 

LR state 0.37 0.42 

DR state 0.88 0.94 

ICER   $61,462 

ICUR   $100,930 

DF, disease free; DR, distant recurrence; ICER, incremental cost-effectiveness ratio; ICUR, 

incremental cost-utility ratio; LR, local recurrence; LY, life-year; QALY, quality-adjusted 

LY. 

a
Costs and outcomes of adverse events were negligible and there for not included in table. 

Note: Due to rounding, the sum of the numbers presented in this table may not precisely 

match the total sum indicated. All values have been rounded to 2 decimals, which may 

account for minor discrepancies in the final sum.  
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Table 2. Results from scenario analyses. 

Source/setting ICER % 

Change in 

ICER
a
 

ICUR % 

Change 

in 

ICUR
a
 

Base case $61,462 − $100,930 − 

3–health-state model $55,788 –9 $91,498 –9 

One-off costs and outcomes applied to 

DR health state (absorbing health 

states) 

$61,361 0 $100,764 0 

Linearly declining proportion of 

recurrence being first DFS event 

$63,377 3 $104,303 3 

Time from LR to DR or death modeled 

with log-normal  

$63,627 4 $104,113 3 

 Timepoint for functional cure     

4 years $59,577 –3 $98,109 –3 

10 years $62,298 1 $102,303 1 

Real-world evidence-based subsequent 

treatment distribution [29] 

$78,648 28 $127,825 27 

DFS, disease-free survival; DR, distant recurrence; ICER, incremental cost-effectiveness 

ratio; ICUR, incremental cost-utility ratio; LR, local recurrence.  

a
From base case. 
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FIGURE LEGENDS 

 
Figure 1. Model overview. DF, disease free; DR, disease recurrence; ICER, incremental cost-

effectiveness ratio; ICUR, incremental cost-utility ratio; LR, local recurrence; 

P(Death|DF), probability of death from DF; P(Death|LR), probability of death from LR; 

P(DF|DF), probability of staying in DF; P(DR|DF), probability of moving from DF to DR; 

P(DR|LR), probability of moving from LR to DR; P(LR|DF), probability of moving from DF 

to LR; P(LR|LR), probability of staying in LR. Note: DR1 to n indicates model’s ability to 

track the time of entrance to the DR state via series of tunnel states, which are needed for the 

application of probability distributions with an underlying time-variant hazard structure. 
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Figure 2. Smoothed hazard plots of CheckMate 274 DFS with EORTC 30994 (2015) DFS 

and general population mortality up to 20 years. CM274, CheckMate 274. General population 

mortality rates are US specific and adjusted according to baseline age and gender 

distributions in the studies. 
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Figure 3. Reported DFS KM curves from the ITT population in CheckMate 274 and from the 

deferred chemotherapy arm of EORTC-30994 trials, and long-term DFS extrapolations for 

nivolumab and placebo. DFS, disease-free survival; ITT, intention to treat; KM, Kaplan-

Meier. 
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Figure 4. Summary of one-way deterministic sensitivity analysis with respect to 10 most 

influential parameters of the model. 1L, first line; Car, carboplatin; DF, disease free; DFS, 

disease-free survival; Gem, gemcitabine; ICER, incremental cost-effectiveness ratio; HR, 

hazard ratio; OS, overall survival; QALY, quality-adjusted life-year; DR, distant recurrence.  
a
Range tested 0 to 6%. 

b
Range tested based on reported or estimated SE. 

c
Range tested based 

on estimated ±20% base-case value.  
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Figure 5. Cost-effectiveness acceptability curve. WTP, willingness to pay. 

Acc
ep

te
d 

M
an

us
cr

ipt


	Transparency
	Data is available upon reasonable request. Bristol Myers Squibb’s policy on data sharing may be found online at https://www.bms.com/researchers-and-partners/independent-research/data-sharing-request-process.html. Abstract
	Introduction
	Methods
	Model overview
	Health-state transitions
	Disease-free state
	Local recurrence state
	Distant recurrence state
	Dead state
	Adverse events

	Utilities
	Resource use and costs
	Time on adjuvant nivolumab treatment
	Drug acquisition, administration, and monitoring costs of nivolumab
	Health-state costs
	Cost of subsequent treatment

	Sensitivity analyses
	Scenario analyses

	Results
	Sensitivity analyses
	Scenario analyses

	Discussion
	Strengths and limitations

	Conclusion
	References
	Tables With Caption(s) (on individual pages)
	Table 1. Base-case results (costs and health outcomes, discounted).
	Table 2. Results from scenario analyses.

	FIGURE LEGENDS

