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Objective: First-line (1L) maintenance avelumab prolonged overall survival (OS) in patients with advanced urothelial carcinoma 
(aUC) in JAVELIN Bladder 100. OS was measured from maintenance initiation in patients with disease control following 1L 
platinum-based therapy (PBT). The OS impact of maintenance for the 1L PBT–treated population is unknown since it was not 
measured from 1L initiation, nor can it be benchmarked with other 1L therapies. To characterize the OS impact of maintenance 
avelumab, we used an oncology simulation model to estimate the OS of maintenance-eligible and -ineligible patients with aUC from 
1L PBT initiation.
Methods: We developed a simulated cohort of 1L PBT–treated patients with aUC, including those who did and did not receive 
maintenance avelumab. Eligibility was assessed at 5.6 months post 1L PBT initiation based on the JAVELIN trial design. Among the 
1L-treated population, 58% (95% credible interval [CrI] 49–67%) were projected to be eligible (calculated from contemporary phase 3 
trials); of those, 85% were assumed to receive maintenance. The model estimated median OS (mOS) among a maintenance-ineligible 
simulated cohort which when combined with the maintenance-eligible cohort yielded an estimated OS in the overall maintenance- 
intended population from 1L PBT initiation.
Results: Approximately half of the modeled 1L PBT–treated population received maintenance. Estimated mOS was 10.1 months 
(95% CrI 7.5–13.5) for the maintenance-ineligible cohort, 29.3 months (95% CrI 24.8–33.9) for the maintenance-eligible, received 
maintenance cohort, and 15.9 months (95% CrI 13.2–19.1) in the overall maintenance-intended, 1L PBT–treated population, including 
those eligible and ineligible for maintenance.
Conclusion: The model shows that maintenance avelumab has a modest impact on OS in the overall 1L PBT–treated population of 
patients with aUC. While maintenance avelumab improves OS for eligible patients, a large proportion of the maintenance-intended 
population may not receive maintenance due to ineligibility or physician/patient choice.
Keywords: maintenance eligibility, maintenance avelumab, oncology simulation model, overall survival, urothelial carcinoma

Introduction
The National Comprehensive Cancer Network (NCCN) and European Society for Medical Oncology (ESMO) guidelines 
recommend platinum-based therapy (PBT) for first-line (1L) treatment of patients with advanced urothelial carcinoma 
(aUC) followed by maintenance avelumab in patients without disease progression after 1L PBT.1,2 However, differences 
in overall survival (OS) endpoint assessment, inclusion criteria, and trial populations between the JAVELIN Bladder 100 
trial (JAVELIN), which investigated maintenance avelumab, and a traditional trial design for a 1L therapy mean the 
survival benefit of maintenance avelumab cannot be well characterized or benchmarked with other 1L therapies using 

Clinical Epidemiology 2023:15 765–773                                                                         765
© 2023 Galsky et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Epidemiology                                                                           Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 24 February 2023
Accepted: 1 June 2023
Published: 21 June 2023

http://orcid.org/0000-0003-0305-3610
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


conventional methods such as network meta-analyses or indirect treatment comparisons.3 In JAVELIN, patients were 
enrolled and received maintenance avelumab if they had no disease progression (ie, complete response, partial response, 
or stable disease after 4–6 cycles of PBT: gemcitabine [Gem] + cisplatin [Cis]/ carboplatin [Carbo]), and following 
a treatment-free interval (TFI) of 4–10 weeks4 (Supplemental Figure 1). Because of these rigorous inclusion criteria, the 
patient cohort is not representative of the overall aUC population. Patients who could not receive at least 4 cycles of PBT 
or who progressed on or immediately following PBT were not included in JAVELIN. Thus, the OS from PBT treatment 
initiation in the overall population of all patients with the intention to later receive maintenance avelumab (1L PBT 
maintenance intended) is unknown (Supplemental Figure 2). Subsequently, physicians and researchers are not able to 
characterize the survival benefit of 1L PBT followed by maintenance avelumab relative to other 1L treatments at the 
population level, limiting the ability to make informed treatment decisions now, and in the future. It is difficult for 
clinicians to know with certainty if patients will maintain stable disease, tolerate or respond to 1L PBT, and, hence, be 
eligible for maintenance avelumab. In addition, due to the design of JAVELIN, the OS of maintenance-ineligible patients 
from initiation of 1L PBT is unknown. To address this, we used an oncology simulation model (OSM) framework to 
estimate the OS of patients with aUC who received 1L PBT, including both maintenance-eligible and -ineligible patients, 
measured from initiation of 1L PBT. Disease modeling is increasingly being used to answer similar questions related to 
patient outcomes and can be used to inform decision-making.5 The OSM framework estimate was performed to align the 
OS estimate for the maintenance-intended population with the common initiation point to benchmark with other 1L 
clinical trials.6,7

Methods
Overall Model Framework–Base Case
The OSM framework was utilized because it offers a robust methodological structure for generating estimates of 
population-level patient survival in oncology and may be utilized to benchmark outcomes from trials of different design 
such as JAVELIN and other 1L therapies (Figure 1). In addition, the OSM framework was previously used to estimate 
disease prevalence in breast cancer;8 prevalence and survival outcomes in bladder cancer;9 progression-free survival 
(PFS), OS, and patient productivity losses in classical Hodgkin lymphoma;10,11 and PFS and OS in T-cell lymphoma.12
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Figure 1 Comparison of the design of an oncology maintenance therapy trial with a traditional 1L oncology therapy trial. Common 1L oncology clinical trial designs measure 
OS from initiation of 1L therapy at randomization. Bladder cancer maintenance clinical trial designs4,20 measure OS from initiation of maintenance therapy, a period of time 
after the initiation of 1L therapy in those patients who had no disease progression after 1L chemotherapy (nonprogressors). Comparing these two trial designs is 
a controversial issue and has been described in a recent publication.21 

Abbreviation: 1L, first line.
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The OSM uses a continuous, dynamic, Markov cohort model to generate estimates of population-level patient 
survival in oncology. In the OSM, patient cohorts transition between defined health states, eg, from the progressed 
disease state to death, with transitions informed by PFS and OS as reported in published literature.9

This OSM framework was utilized in this study to estimate the OS of 1L PBT–treated patients ± maintenance 
avelumab (1L PBT maintenance intended) from treatment initiation (1L PBT start). To estimate OS from 1L PBT start in 
1L PBT maintenance–intended patients, it was necessary to consider the three patient populations that exist in a 1L- 
treated cohort: (1) The maintenance avelumab-eligible, received maintenance population consisted of patients who were 
maintenance eligible and received maintenance; (2) The maintenance avelumab–eligible, did not receive maintenance 
population consisted of patients who were eligible for maintenance avelumab but did not receive maintenance avelumab 
treatment due to patient or provider decision-making; (3) The maintenance avelumab–ineligible population consisted of 
patients who progressed on 1L PBT and were ineligible to receive maintenance.

To estimate the mOS of the maintenance-intended, 1L PBT–treated population (the unknown endpoint), inputs were 
needed for each of the three subgroups. Some were readily available in the literature and some were unknown (Table 1 
and Supplemental Figure 2) and needed to be calculated or estimated: (1) mOS and OS curve data for patients who were 
maintenance eligible, received maintenance were informed by results from the JAVELIN avelumab arm;4 (2) mOS and 
OS curve data for patients who were maintenance eligible, did not receive maintenance were informed by results from 
the JAVELIN best supportive care (BSC) arm;4 (3) the mOS of the maintenance-ineligible population was estimated 
using the OS curves of the JAVELIN BSC arm and the KEYNOTE-361 PBT arm (see Supplemental Materials 2 
Statistical Analysis Methodology, Supplemental Table 1, and Supplemental Figure 3).

Control arm data of patients that received 1L PBT from contemporary 1L clinical trials were evaluated for inclusion 
in the OSM. KEYNOTE-36113 was ultimately considered the best choice for the OSM base case based on expert (MG 
and TP) clinical opinion and because it included the greatest proportion of patients that received programmed cell death 
protein 1/ligand 1 (PD1/L1) immunotherapy in the second-line (2L) setting compared with the other 1L trials considered 
(48%; Supplemental Table 2). Additionally, it provided the most contemporary data, it was the best representation of real- 
world treatment patterns, and it had the most overall similarities between the simulated cohort and the JAVELIN 
population, particularly in median duration of 1L PBT treatment. Patient characteristics for the trials included in the 
OSM base case are summarized in Supplemental Table 3.

A time period of 5.6 months between initiation of 1L PBT and starting maintenance was used in the model 
(corresponding to the model assumption of 6 cycles of PBT [18 weeks] and a 6-week TFI). Based on PFS data from 
the KEYNOTE-361 chemotherapy arm, 58% (95% credible interval [Crl] 49–67%) of patients were eligible for 
maintenance treatment, and 42% were ineligible at 5.6 months post-initiation of 1L PBT.

Table 1 Summary of Known and Unknown Data in the 1L PBT–Treated, Maintenance Avelumab–Intended Population of Patients with aUC

Patient Population Clinical Outcome/ Population Characteristic Known/Unknown in Published Literature

Maintenance avelumab–eligible, 

received maintenance

mOSa Known (JAVELIN avelumab arm4)

Proportion of total 1L PBT–treated, maintenance 
avelumab–intended population

Unknown

Maintenance avelumab–eligible, did not 
receive maintenance

mOSb Known (JAVELIN BSC arm4)

Proportion of total 1L PBT–treated, maintenance 

avelumab–intended population

Unknown

Maintenance avelumab–ineligible mOS Unknown

Proportion of total 1L PBT–treated, maintenance 

avelumab–intended population

Unknown

Notes: amOS measured from point of randomization to maintenance avelumab; bReported mOS represents the population who responded to 1L PBT treatment. 
Abbreviations: 1L, first-line; aUC, advanced urothelial carcinoma; BSC, best supportive care; mOS, median overall survival; PBT, platinum-based therapy.
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As JAVELIN BSC4,14 and KEYNOTE-361 control arm data are available for 1L PBT–treated patients who received Gem + 
Carbo specifically,13 we also investigated OS within this subgroup. Model variations were also conducted using data from the 
Gem + Cis subgroup; however, as data for the Gem + Cis subgroup were not available from KEYNOTE-361,13 data from the 
IMvigor130 trial15 were used to address this data gap.

The following subsections further explain the methodology for estimating the mOS for each population: maintenance 
avelumab eligible, received maintenance; maintenance avelumab eligible, did not receive maintenance; and maintenance 
avelumab ineligible (Table 1/Supplemental Figure 2). Methodology for estimating the proportion of patients in each 
patient group is also described.

Maintenance Eligible, Received Maintenance
OS in patients who were eligible for and received maintenance was derived from JAVELIN, which reported mOS of 23.8 
months (95% CI 19.9-28.8)4 for maintenance avelumab. As not all patients who are eligible for a therapy go on to receive it in 
the real world, the authors’ (MG and TP) clinical experience informed the assumption that 85% of eligible patients would 
receive maintenance treatment, and 15% of maintenance-eligible patients would not. This was chosen as a conservative 
estimate, and recent real-world data suggests that maintenance avelumab uptake may be lower in clinical practice.16 Based on 
these estimates, maintenance avelumab utilization was estimated to be 49% at the population level (58% x 85% = 49%).13

Maintenance Eligible, Did Not Receive Maintenance
OS in patients who were eligible for but who did not receive maintenance was derived from the BSC arm of JAVELIN: 
15.0 months (95% CI 13.5–18.2),4 combined with the estimated 1L treatment and TFI. Based on the authors (MG and 
TP) clinical experience that 15% of maintenance-eligible patients would not receive it, we estimated that 9% of patients 
at the population level (58% x 15% = 9%) were maintenance eligible but did not receive maintenance.

Maintenance Ineligible
OS in patients who initiated 1L PBT and were maintenance ineligible is unknown. This was estimated in the model using 
the known OS of the overall aUC population (informed by the PBT control arm of KEYNOTE-361)13 and the known OS 
of patients who were maintenance eligible but did not receive maintenance (informed by the JAVELIN BSC arm).4 OS 
was estimated based on the difference between the OS curves of the JAVELIN BSC arm (20.6 months),4 and the 
KEYNOTE-361 chemotherapy arm (14.3 months).13 mOS of the maintenance-ineligible patient population was esti-
mated from an exponential survival curve based on the hazard function derived from the OS curves of the JAVELIN BSC 
arm and the KEYNOTE-361 chemotherapy arm. Exact calculations for this estimate can be found in the Supplemental 
Materials 2 Statistical Analysis Methodology. Based on PFS data from the KEYNOTE-361 chemotherapy arm, 42% of 
1L PBT–treated patients were estimated to have disease progression at 5.6 months post 1L PBT start and, therefore, were 
ineligible for maintenance, because in JAVELIN only patients without progression after 1L PBT were eligible.

First-Line PBT Treated, Maintenance Intended
OS in the overall 1L PBT-treated, maintenance-intended patient population was estimated using a weighted average hazard 
function of survival among the three populations (maintenance-eligible, received maintenance; maintenance-eligible, did 
not receive maintenance; and maintenance-ineligible) (Supplemental Materials 2 Statistical Analysis Methodology).

Stratified Model Framework by Type of PBT Received in Gem + Carbo and Gem + 
Cis–Treated Patients
The OSM framework was also applied to the subgroups of 1L PBT–treated patients who received Gem + Carbo or Gem + Cis 
to estimate OS in these patient subgroups. KEYNOTE-361 reported a median PFS of 5.8 months in 1L PBT–treated patients 
who received Gem + Carbo, so the proportion eligible for maintenance was based on the Gem + Carbo subgroup PFS data.13 

Based on the PFS curve, 52% (95% Crl 40–62%) of patients that received Gem + Carbo were assumed to be eligible, and 85% 
of these eligible patients were estimated to receive maintenance in the model (consistent with the base case); thus, 44% of 
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patients who received Gem + Carbo at the population level received maintenance. KEYNOTE-361 did not report median PFS 
for the subgroup of 1L PBT–treated patients who received 1L Gem + Cis,13 so the proportion eligible for maintenance was 
estimated using data from the Gem + Cis subgroup of the IMvigor 130 trial.15 Based on the PFS of the Gem + Cis subgroup, 
54% (95% CrI 40–66%) of patients were assumed to be eligible, and, as in the base case, 85% of these eligible patients were 
estimated to receive maintenance in the model, so 46% of patients who received Gem + Cis at the population level received 
maintenance.

Stratified Model Framework Varying OS Inputs
To confirm the robustness of the OS findings for the combined OS in the 1L PBT–treated, maintenance-intended patients, 
we modeled different scenarios by varying the OS inputs. These scenarios used OS inputs from the control arms of the 
IMvigor130 and DANUBE trials, along with base case data from KEYNOTE-361.13,15,17

Results
Estimated mOS in Modeled Patient Populations
Using the OSM model, the mOS for the maintenance-eligible, received maintenance cohort was 29.3 months (95% CrI 
24.8–33.9); the mOS for patients who were maintenance eligible, but did not receive maintenance was 20.6 months (95% 
CrI 17.8–23.3); and the estimated mOS for patients who were maintenance ineligible was 10.1 months (95% CrI 7.5– 
13.5) (Figure 2A). Combined, the estimated mOS in 1L PBT–treated, maintenance-intended patients was 15.9 months 
(95% CrI 13.2–19.1) (Figure 2B). As an illustrative comparison, the mOS with PBT alone was 14.3 months (95% CI 
12.3–16.7), as reported in the control arm of KEYNOTE-361.13
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(red) were used to calculate (B) the combined OS in the 1L PBT–treated, maintenance-intended patient population (black) by calculating the weighted average hazard of the 
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Note: aIncludes 5.6-month run-in period. 
Abbreviations: 1L, first-line; aUC, advanced urothelial carcinoma; BSC, best supportive care; mOS, median overall survival; PBT, platinum-based therapy; TFI, treatment- 
free interval.
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mOS Stratified by Type of PBT Received. Gem + Carbo and Gem + Cis–Treated 
Patients
The proportions of maintenance-eligible patients were estimated from KEYNOTE-36113 and IMvigor-130.15 In patients 
treated with Gem + Carbo (assumed to be Cis ineligible), the estimated OS was 13.5 months (95% CrI 10.2–17.3). In 
patients treated with Gem + Cis, the estimated OS was 16.2 months (95% CrI 10.9–23.0).

Varying OS Inputs for Different Scenarios
Modeling using OS data from the KEYNOTE-361 trial13 found that varying the proportion of patients who were eligible 
for and who received maintenance between 20% and 50% led to a mOS ranging from 14.9–15.9 months (Supplemental 
Table 4). If the proportion of eligible patients that received maintenance using IMvigor13015 and DANUBE17 data were 
varied between 20% and 50%, mOS ranged from 13.9–14.9 months and 12.5–13.3 months in IMvigor13015 and 
DANUBE17 respectively.

An illustrative comparison (ie naïve cross-trial comparison of the model results to the results from published meta- 
analysis) demonstrated that if key baseline assumptions (% of eligible patients that received maintenance and mOS 
following PBT using different clinical trials) were varied, the incremental survival benefit of 1L PBT followed by 
maintenance relative to PBT alone among 1L PBT maintenance-intended patients was shown to vary between 2 and 8 
weeks (or approximately 0.5–2 months; Figure 3).
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Figure 3 Contour plot of population-level OS impact across included clinical trials.4,13,15,16 By varying the proportion of the 1L PBT maintenance-intended population that 
received maintenance (x-axis) and varying the mOS associated with PBT between 12.0 and 15.0 months (y-axis), the survival benefit from maintenance compared with PBT 
alone (based on OS data from the KEYNOTE-361,13 IMvigor130,15 and DANUBE17 clinical trials) ranged from 2 to 8 weeks (shown in colored bands). mOS for included 
clinical trials is shown by the dotted lines. The red dot highlights the expected survival benefit of 2 weeks based on PBT control-arm data from DANUBE17 if 22.5% of eligible 
patients received maintenance avelumab. (The green dot highlights the expected survival benefit of 4 weeks based on PBT control-arm data from IMvigor13015 if 36% of 
eligible patients received maintA. The yellow dot highlights the expected survival benefit of 6 weeks based on PBT control-arm data from KEYNOTE-36113 if 46% of eligible 
patients received maintenance (compared with 5 weeks from IMvigor13015 and 4 weeks from DANUBE17). 
Abbreviations: 1L, first-line; mOS, median overall survival; OS, overall survival; PBT, platinum-based therapy.
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Discussion
The conditional eligibility of the maintenance avelumab cohort in the JAVELIN trial meant that patients with progressive 
disease on 1L PBT were not included in the study. This makes it difficult to understand the impact of maintenance on 
mOS in the overall, 1L PBT–treated population from 1L treatment initiation on a population level or to benchmark 
outcomes with maintenance avelumab relative to other 1L treatments. Our model estimated that approximately half of 1L 
PBT–treated patients with aUC would not receive maintenance, regardless of their eligibility. This contributed to the 
modest estimated mOS of 15.9 (95% Crl 13.2–19.1) months in the overall 1L PBT–treated, maintenance-intended 
population. Increasing the proportion of eligible patients who receive maintenance to 100% resulted in a mOS of 16.3 
months at the population level, indicating that maintenance therapy would still provide only modest improvement in 
overall 1L PBT–treated mOS even in ideal circumstances, because a large proportion of patients are ineligible for 
maintenance due to disease progression on 1L PBT therapy. Our modeling suggests that the estimated mOS benefit of 
maintenance in the 1L PBT–treated patient population is approximately 1–2 months when contextualized against the 
14.3-month (95% CI 12.3–16.7) OS with PBT alone13 (Figure 3).

The subgroup analyses suggest that patients treated with Gem + Carbo at 1L may have less OS gain from the addition 
of maintenance treatment (13.5 months [95% Crl 10.2–17.3] compared with 12.3 months [95% CI 10.0–15.5] without 
maintenance in KEYNOTE-361) than patients who received Gem + Cis (16.2 months [95% Crl 10.9–23.0] compared 
with 14.6-months [95% CI 10.8–19.6] without maintenance in IMvigor130).15 This difference in outcomes highlights the 
even greater unmet need in this subgroup of patients.

There are several difficulties faced by clinicians in determining the population-level benefit of new therapies in 
oncology, and this model can help contextualize and benchmark 1L PBT plus maintenance with emerging 
therapies for 1L aUC. The OSM methodology is also of value due to the current lack of real-world data on use 
of maintenance avelumab. These data underscore the difficulties physicians face when deciding to use switch- 
maintenance therapies, such as avelumab, due to the uncertainty regarding if patients will respond to 1L therapy 
and be eligible for maintenance. Similarly, a current gap in the knowledge is the impact of PD1/L1 therapies on 
longer-term survival. The OSM methodology highlights these challenges and offers a solution by combining 
survival data with anachronistic anchor points. Additional uses of the OSM methodology include estimating the 
impact of treatment sequences ahead of real-world data availability, which underscores the value of this 
methodology to researchers and physicians.18 This approach will become increasingly relevant in the coming 
years as more complex treatment sequences require modeling.

Limitations
OS model inputs are based on published data from 1L clinical trials, which may overestimate real-world outcomes. For 
instance, the 23.8 month (95% CI 19.9–28.8) OS for the maintenance-eligible, received maintenance population used in 
the OSM base case was taken from the JAVELIN trial, which may be an overestimate, as the trial design effectively 
selected for patients with less aggressive disease. Conversely, the OS model inputs from published clinical trials may 
underestimate current real-world outcomes among patients who progressed after 1L treatment, as new 2L+ treatment 
options that can improve the outcomes for these patients have recently become available, and further research is required 
to confirm if these findings apply to real-world clinical practice. However, there were minimal differences in OS when 
the proportion who received maintenance was varied in scenario analysis testing. The inclusion of additional clinical trial 
data investigating the survival benefit of vinflunine19 and pembrolizumab20 as maintenance therapies were considered; 
however, they were not included in the model, because these therapies are not currently recommended by US or 
European treatment guidelines for this indication in patients with aUC.1,2 A lack of patient-level data meant that 
assumptions were made for the modeling of OS in the maintenance-ineligible subpopulation. However, this was 
necessary because existing trials, including JAVELIN4 did not enroll patients from 1L-treatment initiation. Because of 
a lack of patient-level data, model estimates were based on optimistic assumptions. Subgroup analyses, including those 
reported for the Gem + Cis and Gem + Carbo subgroups, are subject to limitations due to the much smaller sample sizes 
in subgroups compared with overall trial treatment arms and differences in the characteristics of the patient populations 
studied.
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Conclusion
Robust disease modeling estimates that maintenance avelumab may provide a modest improvement in mOS for 
eligible, maintenance-intended patients and that overall, about half of patients with aUC who receive 1L PBT 
treatment will not be eligible to receive maintenance. While outcomes in maintenance avelumab–treated patients are 
improved, compared with 1L PBT alone, outcomes for the other half of 1L PBT–treated patients who are not eligible 
and who do not receive avelumab are worse, reducing the overall survival impact of avelumab on the overall 1L PBT– 
treated, maintenance-intended population. These model results highlight the continued unmet need, even with the 
introduction of avelumab maintenance in 1L aUC and have implications for patients with aUC both individually and at 
the population level.
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