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Abstract

Background: The programmed death-1 (PD-1) inhibitor nivolumab prolongs disease-free 

survival in patients with muscle-invasive urothelial carcinoma (MIUC).

Objective: To evaluate the effects of nivolumab on health-related quality of life (HRQoL) after 

radical resection in patients with MIUC.

Design, setting, and participants: We used data from 709 patients in CheckMate 274 

(NCT02632409; 282 with programmed death ligand 1 [PD-L1] expression ≥1%), an ongoing 

randomized, double-blind, placebo-controlled phase 3 trial of adjuvant nivolumab.

Intervention: Intravenous injection of nivolumab (240 mg) or placebo every 2 wk for ≤1 yr.
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Outcome measurements and statistical analysis: HRQoL was assessed using the 

European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire 

(EORTC QLQ-C30) and the EQ-5D-3L. Linear mixed-effect models for repeated measures were 

used to compare nivolumab and placebo on changes in HRQoL. Time to confirmed deterioration 

(TTCD) of HRQoL was analyzed by Cox proportional hazards regression.

Results and limitations: In the full HRQoL evaluable population, no clinically meaningful 

deterioration of HRQoL was observed in either treatment arm. Moreover, nivolumab was 

noninferior to placebo on changes from baseline for all main outcomes. The median TTCD 

for fatigue was 41.0 wk for nivolumab and 44.3 wk for placebo (hazard ratio [HR]: 1.11, 95% 

confidence interval [CI], 0.89–1.39). For the visual analog scale, the median TTCD was not 

reached for nivolumab and it was 57.6 wk for placebo (HR: 0.78, 95% CI, 0.61–1.00). The median 

TTCD for the other main outcomes was not reached in either treatment arm. The findings were 

similar for patients with PD-L1 expression ≥1%.

Conclusions: These results demonstrate that nivolumab did not compromise the HRQoL of 

patients with MIUC in CheckMate 274.

Patient summary:

Nivolumab is being researched as a new treatment for patients with bladder cancer (urothelial 

carcinoma). We found that nivolumab maintained quality of life while increasing the time until 

cancer returns in patients whose bladder cancer had spread or grown and who had unsuccessfully 

tried platinum-containing chemotherapy.
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1. Introduction

Urothelial carcinoma is an immunogenic malignancy originating in the urinary bladder or 

upper urinary tract (renal pelvis or ureter). Tumors that invade the muscle wall of the 

bladder are typically high grade, with a high potential for metastasis [1]. Standard of care 

treatment for muscle-invasive urothelial carcinoma (MIUC) is cisplatin-based neoadjuvant 

chemotherapy (NAC) followed by radical resection with curative intent [2]. Only 13–39% of 

patients with muscle-invasive bladder cancer have been reported to receive cisplatin-based 

NAC [3–6], and usage is even lower in patients with tumors arising in the upper urinary tract 

[7]. This low utilization is partly because many patients are ineligible for or refuse cisplatin-

based chemotherapy [8,9]. Even when patients receive NAC, nearly 30% do not complete 

their regimen, for reasons including age, comorbidities, and toxicity [10]. Moreover, the 

risk of recurrence is high [11,12]. Adjuvant chemotherapy within 90 d of resection has 

been explored, but its utility is limited by patients being ineligible for or refusing cisplatin 

and having complications of resection [8,13–16]. Therefore, additional effective treatment 

options are needed.
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Nivolumab is a fully human IgG4 monoclonal antibody that binds to programmed death-1 

(PD-1). It is approved for patients with locally advanced or metastatic urothelial carcinoma 

previously treated with platinum-based chemotherapy [17,18], and is now being explored 

in other indications. In the ongoing phase 3 CheckMate 274 trial of nivolumab in patients 

with MIUC who have undergone radical resection with or without NAC, median disease-

free survival (DFS, primary endpoint) was significantly longer in patients who received 

nivolumab than in those who received placebo [19].

Previous studies have found that health-related quality of life (HRQoL) can be impaired 

in patients with MIUC [20], those with muscle-invasive bladder cancer treated with NAC 

[21], and those who have undergone radical resection for urothelial cancer [22–24]. Any 

clinical benefit of nivolumab treatment should, therefore, not be compromised by worsening 

of HRQoL due to treatment-related toxicities. Moreover, while recurrence of MIUC is 

associated with poor survival [25], its effect on HRQoL is unclear [26].

The main aim of this study was to evaluate the effects of nivolumab on HRQoL in patients 

who have undergone radical resection of MIUC, using data from CheckMate 274. Another 

aim was to analyze the association between disease recurrence and deterioration of HRQoL.

2. Patients and methods

2.1. Study design

The present analysis was based on the phase 3 CheckMate 274 trial (NCT02632409), a 

randomized, double-blind, placebo-controlled trial of adjuvant nivolumab [19]. For each 

participating site, approval for CheckMate 274 was obtained from an institutional review 

board or ethics committee. All patients provided written informed consent.

2.2. Patients

Eligible patients were adults (≥18 yr) who had undergone radical resection within the 

previous 120 d of MIUC originating in the bladder or upper urinary tract (renal pelvis or 

ureter) and who had a high risk of recurrence based on pathologic stage: ypT2-pT4a or 

ypN+ for patients who had received cisplatin-based NAC, and pT3-pT4a or pN+ for patients 

who had not received cisplatin-based NAC and were ineligible for or refused adjuvant 

cisplatin-based chemotherapy. Full eligibility criteria are available in a different publication 

[19].

2.3. Treatment

Patients were randomized 1:1 to adjuvant nivolumab or placebo. The randomization was 

stratified by tumor programmed death ligand 1 (PD-L1) expression (≥1% vs <1% or 

indeterminate), pathologic nodal status (N+ vs Nx or N0 with fewer than ten nodes removed 

vs N0 with ten or more nodes removed), and use of cisplatin-based NAC (yes vs no).

Patients received nivolumab (240 mg) or placebo by intravenous injection every 2 wk 

until disease recurrence, unacceptable toxicity, or withdrawal of consent. The maximum 

treatment duration was 1 yr. After discontinuing study treatment, patients were followed up 

for survival and recurrence. Recurrence was classified as local only (any new lesion[s] in the 

Witjes et al. Page 3

Eur Urol Oncol. Author manuscript; available in PMC 2023 March 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://clinicaltrials.gov/ct2/show/NCT02632409


lower or upper urothelial tract, or in the pelvic soft tissue or pelvic nodes below the aortic 

bifurcation) or distant (any new lesion[s] at another site, with or without local recurrence).

2.4. Patient-reported outcome assessments

HRQoL, symptoms, and health status were assessed using the European Organisation for 

Research and Treatment of Cancer Quality of Life Questionnaire (EORTC QLQ-C30) and 

the EQ-5D-3L. Assessments were completed on cycle 1 day 1 (baseline), every other cycle 

(every 4 wk) for the first 6 mo of treatment, and then every third cycle (every 6 wk) 

thereafter until discontinuation of study treatment. Additional assessments were completed 

at two post-treatment follow-up visits. The first follow-up visit was approximately 35 d after 

the last dose of study treatment, and the second follow-up visit was approximately 80 d after 

the first follow-up visit. HRQoL outcomes were among the exploratory end points in the 

primary CheckMate 274 trial and are the principal outcomes in this analysis.

The EORTC QLQ-C30 includes 30 items across 15 domains: a two-item global 

health status/quality of life (QoL) domain, five multi-item functional domains (physical 

functioning, role functioning, cognitive functioning, emotional functioning, and social 

functioning), three multi-item symptom domains (fatigue, pain, and nausea/vomiting), 

and six single-item domains (dyspnea, insomnia, appetite loss, constipation, diarrhea, and 

financial difficulties) [27]. In accordance with the EORTC QLQ-C30 scoring manual [27], 

a domain score was calculated if responses were given for at least 50% of the items in the 

domain; otherwise, the score was considered to be missing. Raw scores were standardized 

through linear transformation to a 0–100 scale. A higher score for global health status/QoL 

represents better overall HRQoL, a higher score for a functional domain represents a 

better level of functioning, and a higher score for a symptom domain represents worse 

symptomatology or problems [27].

The EQ-5D-3L is a self-administered questionnaire where respondents answer five questions 

on different aspects of their current health (mobility, self-care, usual activities, pain/

discomfort, and anxiety/depression) and indicate their overall health on a visual analog scale 

(VAS) ranging from 0 (worst health imaginable) to 100 (best health imaginable) [28].

The main HRQoL analysis examined five prespecified outcomes: the EORTC QLQ-C30 

global health status/QoL, physical functioning, role functioning, and fatigue domains, and 

the VAS.

2.5. Statistical analyses

Analyses were performed with SAS version 9.4 or higher (SAS Institute Inc., Cary, NC, 

USA) using data collected up to August 27, 2020. The analyses were performed using the 

EORTC QLQ-C30 evaluable population (patients with a non-missing score for at least one 

of the EORTC QLQ-C30 domains at both baseline and at least one postbaseline visit) and 

the VAS evaluable population (patients who had a non-missing VAS score at both baseline 

and at least one post-baseline visit). Additional analyses were based on patients with tumor 

PD-L1 expression ≥1%. None of the analyses were adjusted for multiple comparisons.

Witjes et al. Page 4

Eur Urol Oncol. Author manuscript; available in PMC 2023 March 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Summary statistics were calculated for demographics and baseline clinical characteristics, 

and for patient-reported outcome (PRO) assessments. For PRO assessments, the extent of 

missing data over time was assessed by calculating the percentage of evaluable assessments 

using both the number of patients who were still on study (variable denominator rate) and 

the full intent-to-treat (ITT) population (all randomized patients; fixed denominator rate) as 

the denominator [29]. Missing data were not imputed.

Within-patient clinically meaningful changes were prespecified using responder definition 

thresholds, while minimally important differences (MIDs) were prespecified to interpret 

whether a within-group mean score change or a between-group difference in the mean score 

change was clinically meaningful. The responder definitions and within-group MIDs were 

defined as a change from baseline of ±10 points for each domain of the EORTC QLQ-C30 

[30] and 7 points for the VAS [31]. Noninferiority of nivolumab versus placebo was assessed 

using the MID thresholds reported by Cocks and colleagues [32].

Linear mixed-effect models for repeated measures (MMRMs) were calculated using data 

from assessments during treatment and (for patients who completed 1 yr of treatment) 

at two post-treatment follow-up visits. The models used a restricted maximum likelihood 

estimation method, with an unstructured covariance matrix to obtain the random-effect 

variance components. Score change from baseline was the dependent variable, and 

treatment, visit, stratification factors, and baseline PRO score were included as covariates. 

These models were used to estimate least squares (LS) mean changes from baseline in 

HRQoL scores in each treatment arm. These were also used to estimate differences between 

nivolumab and placebo in LS mean changes from baseline in HRQoL scores across all visits.

Time to confirmed deterioration (TTCD) of HRQoL (worsening above the responder 

definition threshold for at least two consecutive visits) was analyzed by the Kaplan-Meier 

product limit method [33]. Hazard ratios (HRs) for confirmed deterioration of HRQoL 

for nivolumab versus placebo were estimated using Cox proportional hazards regression 

models that included the treatment arm and baseline PRO score as covariates, and that were 

stratified by the same factors as for the randomization. Cox proportional hazards regression 

was also used to estimate HRs for confirmed deterioration of HRQoL for recurrence (local 

only, distant, or any) versus no recurrence. The models, which included recurrence as a 

time-dependent covariate, controlled for the treatment arm and baseline PRO score, and 

were stratified by the randomization factors.

3. Results

3.1. Patients

The overall EORTC QLQ-C30 evaluable population comprised 645 patients: 324 

randomized to nivolumab and 321 randomized to placebo (Fig. 1). Tumor PD-L1 expression 

was ≥1% in 251 patients in the EORTC QLQ-C30 evaluable population. The two treatment 

arms were well balanced for demographic and baseline clinical characteristics (Table 1). 

Eastern Cooperative Oncology Group performance status was 2 for 2.2% of patients and 0 or 

1 for other patients. Of the patients, 78.6% had cancer of the urinary bladder. Pathologic 
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stage at resection was pT3 in 58.3% of patients, and 42.5% of patients had received 

cisplatin-based NAC for MIUC.

3.2. HRQoL at baseline and during treatment

For the ITT population, EORTC QLQ-C30 completion rates during treatment ranged from 

85.0% to 95.5% for nivolumab and from 86.5% to 94.6% for placebo (Supplementary Table 

1). The available data rate declined between baseline and week 49, from 95.5% to 38.5% in 

the nivolumab arm and from 93.8% to 36.2% in the placebo arm. The available data rate for 

the VAS also decreased during treatment. Similar trends in available data rate were observed 

for patients with PD-L1 expression ≥1% (Supplementary Table 2).

EORTC QLQ-C30 and VAS scores at baseline were generally comparable between 

treatment arms (Supplementary Table 3). Mean scores at baseline across all primary 

outcomes were comparable with those in general populations with similar age and gender 

distributions [34,35], except that the mean VAS score at baseline in the placebo arm (72.2) 

was worse than the score of 80.7 in the general population by more than the prespecified 

MID of 7 points. In patients with PD-L1 expression ≥1%, baseline mean VAS scores in 

both the nivolumab arm (72.3) and the placebo arm (70.8) were worse than the score in 

the general population by more than 7 points, and baseline mean EORTC QLQ-C30 role 

functioning in the nivolumab arm (77.2) was worse than the score of 84.1 in the general 

population by more than the prespecified MID of 6 points (Supplementary Table 4).

For both treatment arms, HRQoL was generally maintained during treatment in the overall 

EORTC QLQ-C30/VAS evaluable population and in patients with PD-L1 expression ≥1%. 

No clinically meaningful deterioration for EORTC QLQ-C30 global health status/QoL 

or VAS [19], or any of the other main outcomes (Fig. 2) was observed in patients 

treated with nivolumab or placebo. In the overall EORTC QLQ-C30/VAS evaluable 

population, nivolumab was noninferior to placebo on all the HRQoL outcomes based 

on LS mean change from baseline (Table 2). For patients with PD-L1 tumor expression 

≥1%, noninferiority of nivolumab to placebo was not demonstrated for EORTC QLQ-C30 

emotional functioning (the lower bound of the 95% confidence interval [CI] for the 

difference between nivolumab and placebo in LS mean change from baseline [−3.43] 

exceeded the prespecified noninferiority margin of −3; Supplementary Table 5). For the 

main and other outcomes, nivolumab was noninferior to placebo.

3.3. TTCD of HRQoL

Confirmed deterioration was defined as worsening above an a priori threshold of –10 points 

(EORTC QLQ-C30 global health status/QoL, physical functioning, and role functioning), 

+10 points (EORTC QLQ-C30 fatigue), or −7 points (VAS) at two or more consecutive 

visits. In both the full EORTC QLQ-C30 evaluable population (Fig. 3) and the patients with 

tumor PD-L1 expression ≥1% (Supplementary Fig. 1), the median TTCD of HRQoL was 

not reached for either nivolumab or placebo for EORTC QLQ-C30 global health status/QoL, 

physical functioning, or role functioning. For EORTC QLQ-C30 fatigue in the full EORTC 

QLQ-C30 evaluable population, the median TTCD was 41.0 wk for nivolumab and 44.3 wk 

for placebo (HR: 1.11, 95% CI, 0.89–1.39). For fatigue in patients with PD-L1 expression 
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≥1%, the median TTCD was 50.3 wk with nivolumab and 36.1 wk with placebo (HR: 0.97, 

95% CI, 0.68–1.39).

For the VAS, the median TTCD was not reached with nivolumab. For placebo, it was 57.6 

wk for the VAS evaluable population (HR: 0.78, 95% CI, 0.61–1.00) and 39.1 wk for 

patients with PD-L1 expression ≥1% (HR: 0.63, 95% CI, 0.42–0.93).

3.4. Risk of deterioration of HRQoL according to recurrence status

For all the main outcomes, risk of deterioration of HRQoL was significantly higher for 

patients with distant recurrence than for those with no recurrence (Table 3). For patients 

with local recurrence only, the risk of deterioration of EORTC QLQ-C30 global health 

status/QoL was significantly higher than that for patients with no recurrence. For the other 

main outcomes, the HRs were not significant.

4. Discussion

Historically, patients with MIUC who undergo radical cystectomy have often experienced 

decreased HRQoL. This can include impaired sexual function as a result of radical resection 

[36] or be a consequence of toxicities from NAC [21]. Moreover, Catto et al [37] recently 

reported that HRQoL after bladder cancer was worse than for other pelvic cancers. It is 

therefore vital not to further worsen HRQoL in these patients. In the present analysis based 

on the phase 3 CheckMate 274 trial, no clinically meaningful deterioration of HRQoL 

was observed during adjuvant treatment in either the full EORTC QLQ-C30/VAS evaluable 

population or patients with PD-L1 expression ≥1%. Nivolumab was noninferior to placebo 

on change in HRQoL during treatment, despite the higher rate of grade ≥3 treatment-related 

adverse events for nivolumab versus placebo (17.9% vs 7.2%) in CheckMate 274. By 

contrast, recurrence, especially distant recurrence, which was more prevalent in the placebo 

arm [19], was associated with worsening of HRQoL.

Our finding that adjuvant nivolumab did not worsen HRQoL is not without precedent. 

In another phase 3 randomized, double-blind, placebo-controlled trial (CheckMate 577), 

adjuvant nivolumab maintained HRQoL while increasing DFS in patients with resected 

esophageal or gastroesophageal junction cancer [38]. Moreover, in another phase 3 trial 

(CheckMate 238), adjuvant nivolumab prolonged recurrence-free survival in patients with 

resected stage III or IV melanoma, as compared with ipilimumab, without affecting HRQoL 

[39]. The value of assessing HRQoL in urothelial cancer is underscored by previous research 

linking better HRQoL with better prognosis in patients with locally advanced or metastatic 

bladder cancer [40]. However, it should be noted that baseline HRQoL in our study sample 

was comparable with that in age- and gender-matched general populations, which may have 

limited our ability to detect deteriorations in HRQoL scores during treatment. Moreover, a 

final evaluation of HRQoL in relation to efficacy in CheckMate 274 should consider data for 

overall survival, which are not yet available.

Limitations of the present study include assessment of HRQoL in <50% of patients 

from week 31 onward, largely because of patients discontinuing the study due to 

disease recurrence [19]. However, available data rates remained high (≥85%) throughout 
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treatment. Another possible limitation is that the main MMRMs excluded observations 

after treatment discontinuation. As treatment discontinuation was mainly due to disease 

recurrence, drug toxicities, and adverse events unrelated to treatment [19], it is likely 

that the HRQoL estimates from this analysis were better than what would have been 

obtained if observations after treatment discontinuation had been included. However, the 

treatment arms had comparable proportions of treatment discontinuations [19], so the 

HRQoL analysis comparing nivolumab and placebo was unlikely to have been affected 

by missing observations. Moreover, in comparing nivolumab and placebo, the MIDs used 

were based on the conservative MID thresholds recently estimated by Cocks and colleagues 

[32] from a meta-analysis of published studies. In addition, the evaluation of noninferiority 

used the 95% CIs for between-group differences in overall LS mean changes from baseline. 

This approach makes it harder to demonstrate noninferiority with a smaller sample, because 

the 95% CIs will be wider and it is more likely that the upper or lower bound will exceed 

the MID. This may explain why noninferiority of nivolumab to placebo on emotional 

functioning was not demonstrated for patients with PD-L1 tumor expression ≥1%. Finally, 

only two follow-up EORTC QLQ-C30 assessments after recurrence were planned, and the 

rates of missing data for these follow-up assessments were high. Therefore, postrecurrence 

follow-up might not have been adequate to capture HRQoL deterioration at two or more 

consecutive assessments (as per the definition of confirmed deterioration) in some patients 

with recurrence.

5. Conclusions

Viewed together with the efficacy data from CheckMate 274, the present analysis indicates 

that the delay in recurrence after radical resection with nivolumab treatment may also delay 

or prevent deterioration of HRQoL. Nivolumab prolonged DFS in patients with MIUC 

without compromising HRQoL. The reproducibility of these findings should be confirmed 

with continued clinical research of nivolumab as an adjuvant treatment for MIUC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments:

The authors would like to thank Bristol Myers Squibb (Princeton, NJ, USA) and Ono Pharmaceutical Company 
Ltd. (Osaka, Japan). All authors contributed to and approved the presentation; medical writing support was 
provided by Stephen Gilliver of Evidera (Sweden), funded by Bristol Myers Squibb; editorial support was provided 
by Parexel, also funded by Bristol Myers Squibb.

Funding/Support and role of the sponsor:

This work was supported by Bristol Myers Squibb.

Financial disclosures:

Johannes Alfred Witjes certifies that all conflicts of interest, including specific financial interests and relationships 
and affiliations relevant to the subject matter or materials discussed in the manuscript (eg, employment/affiliation, 
grants or funding, consultancies, honoraria, stock ownership or options, expert testimony, royalties, or patents 
filed, received, or pending), are the following: Johannes Alfred Witjes reports a consulting or advisory role 
at Nucleix, Bristol Myers Squibb (BMS), MSD, Ipsen, Sanofi/Aventis, and Janssen Oncology; and honoraria 

Witjes et al. Page 8

Eur Urol Oncol. Author manuscript; available in PMC 2023 March 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



from Astellas Pharma, Beigene, Ipsen, and Nucleix. Matthew D. Galsky reports a consulting or advisory role 
at BioMotiv, Janssen, Dendreon, Merck, GlaxoSmithKline, Lilly, Astellas Pharma, Genentech, BMS, Novartis, 
Pfizer, EMD Serono, AstraZeneca, Seattle Genetics, Incyte, Aileron Therapeutics, Dracen, Inovio Pharmaceuticals, 
NuMab, Dragonfly Therapeutics, Basilea, and UroGen Pharma; patent for methods and compositions for treating 
cancer and related methods, Mount Sinai School of Medicine, July 2012, application no. 20120322792; stock 
ownership in Rappta Therapeutics; and research funding (institutional) from Janssen Oncology, Dendreon, Novartis, 
BMS, AstraZeneca, and Genentech. Jürgen E. Gschwend reports a consulting or advisory role at and honoraria 
from Janssen-Cilag, Bayer-Schering Pharma, BMS, Merck, MSD, and Roche. Edward Broughton reports travel 
accommodations and expenses from BMS; and is an employee of and has stock ownership in BMS. Julia 
Braverman reports travel accommodations and expenses from BMS; and is an employee of and has stock ownership 
in BMS. Federico Nasroulah is an employee of and has stock ownership in BMS. Mario Maira-Arce is an employee 
of and has stock ownership in BMS. Xiaomei Ye is an employee of Evidera, which has received consulting fees 
from BMS. Ling Shi is an employee of Evidera, which has received consulting fees from BMS. Shien Guo is an 
employee of Evidera, which has received consulting fees from BMS. Melissa Hamilton is an employee of and 
has stock ownership in BMS. Dean F. Bajorin reports consulting or advisory role from Merck, Roche, Dragonfly 
Therapeutics, Fidia Farmaceutici S.p.A., and BMS; travel and accommodation expenses from Roche/Genentech 
and Merck; honoraria from Merck; research funding (institutional) from Novartis, Genentech/Roche, Merck, BMS, 
AstraZeneca, Astellas Pharma, and Seattle Genetics/Astellas; and a research grant from the National Institutes of 
Health (P30 CA008748).

References

[1]. Abdollah F, Gandaglia G, Thuret R, et al. Incidence, survival and mortality rates of stage-specific 
bladder cancer in United States: a trend analysis. Cancer Epidemiol 2013;37:219–25. [PubMed: 
23485480] 

[2]. Witjes JA, Bruins HM, Cathomas R, et al. European Association of Urology guidelines on muscle-
invasive and metastatic bladder cancer: summary of the 2020 guidelines. Eur Urol 2021;79:82–
104. [PubMed: 32360052] 

[3]. Zaid HB, Patel SG, Stimson CJ, et al. Trends in the utilization of neoadjuvant chemotherapy 
in muscle-invasive bladder cancer: results from the National Cancer Database. Urology 
2014;83:75–80. [PubMed: 24231210] 

[4]. Huo J, Ray-Zack MD, Shan Y, et al. Discerning patterns and quality of neoadjuvant chemotherapy 
use among patients with muscle-invasive bladder cancer. Eur Urol Oncol 2019;2:497–504. 
[PubMed: 31411998] 

[5]. Jerlstrom T, Chen R, Liedberg F, et al. No increased risk of short-term complications after 
radical cystectomy for muscle-invasive bladder cancer among patients treated with preoperative 
chemotherapy: a nation-wide register-based study. World J Urol 2020;38:381–8. [PubMed: 
31020424] 

[6]. Pederzoli F, Bandini M, Briganti A, et al. Incremental utility of adjuvant chemotherapy in muscle-
invasive bladder cancer: quantifying the relapse risk associated with therapeutic effect. Eur Urol 
2019;76:425–9. [PubMed: 31303258] 

[7]. Khan AI, Taylor BL, Al Hussein Al Awamlh B, et al. Survival outcomes in neoadjuvant 
chemotherapy for high-grade upper tract urothelial carcinoma: a nationally representative 
analysis. Urology 2020;146:158–67. [PubMed: 32896584] 

[8]. Dash A, Galsky MD, Vickers AJ, et al. Impact of renal impairment on eligibility for adjuvant 
cisplatin-based chemotherapy in patients with urothelial carcinoma of the bladder. Cancer 
2006;107:506–13. [PubMed: 16773629] 

[9]. van Dijk N, Gil-Jimenez A, Silina K, et al. Preoperative ipilimumab plus nivolumab in 
locoregionally advanced urothelial cancer: the NABUCCO trial. Nat Med 2020;26:1839–44. 
[PubMed: 33046870] 

[10]. Hugar LA, Yabes JG, Turner 2nd RM, et al. Rate and determinants of completing neoadjuvant 
chemotherapy in Medicare beneficiaries with bladder cancer: A SEER-Medicare analysis. 
Urology 2019;124:191–7. [PubMed: 30423302] 

[11]. Aragon-Ching JB, Werntz RP, Zietman AL, Steinberg GD. Multidisciplinary management of 
muscle-invasive bladder cancer: current challenges and future directions. Am Soc Clin Oncol 
Educ Book 2018;38:307–18. [PubMed: 30231340] 

[12]. Roupret M, Babjuk M, Burger M, et al. European Association of Urology guidelines on upper 
urinary tract urothelial carcinoma: 2020 update. Eur Urol 2021;79:62–79. [PubMed: 32593530] 

Witjes et al. Page 9

Eur Urol Oncol. Author manuscript; available in PMC 2023 March 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[13]. Sternberg CN, Skoneczna I, Kerst JM, et al. Immediate versus deferred chemotherapy after 
radical cystectomy in patients with pT3-pT4 or N+ M0 urothelial carcinoma of the bladder 
(EORTC 30994): an intergroup, open-label, randomised phase 3 trial. Lancet Oncol 2015;16:76–
86. [PubMed: 25498218] 

[14]. Birtle A, Johnson M, Chester J, et al. Adjuvant chemotherapy in upper tract urothelial carcinoma 
(the POUT trial): a phase 3, open-label, randomised controlled trial. Lancet 2020;395: 1268–77. 
[PubMed: 32145825] 

[15]. Feifer AH, Taylor JM, Tarin TV, Herr HW. Maximizing cure for muscle-invasive bladder cancer: 
integration of surgery and chemotherapy. Eur Urol 2011;59:978–84. [PubMed: 21257257] 

[16]. Donat SM, Shabsigh A, Savage C, et al. Potential impact of postoperative early complications on 
the timing of adjuvant chemotherapy in patients undergoing radical cystectomy: a high-volume 
tertiary cancer center experience. Eur Urol 2009;55:177–85. [PubMed: 18640770] 

[17]. Sharma P, Retz M, Siefker-Radtke A, et al. Nivolumab in metastatic urothelial carcinoma 
after platinum therapy (CheckMate 275): a multicentre, single-arm, phase 2 trial. Lancet Oncol 
2017;18:312–22. [PubMed: 28131785] 

[18]. Sharma P, Siefker-Radtke A, de Braud F, et al. Nivolumab alone and with ipilimumab in 
previously treated metastatic urothelial carcinoma: CheckMate 032 nivolumab 1 mg/kg plus 
ipilimumab 3 mg/kg expansion cohort results. J Clin Oncol 2019;37:1608–16. [PubMed: 
31100038] 

[19]. Bajorin DF, Witjes JA, Gschwend JE, et al. Adjuvant nivolumab versus placebo in muscle-
invasive urothelial carcinoma. N Engl J Med 2021;384:2102–14. [PubMed: 34077643] 

[20]. Singer S, Ziegler C, Schwalenberg T, Hinz A, Götze H, Schulte T. Quality of life in patients with 
muscle invasive and non-muscle invasive bladder cancer. Support Care Cancer 2013;21:1383–93. 
[PubMed: 23238655] 

[21]. Salminen AP, Montoya Perez I, Klén R, et al. Adverse events during neoadjuvant chemotherapy 
for muscle invasive bladder cancer. Bladder Cancer 2019;5:273–9.

[22]. Mohamed NE, Chaoprang Herrera P, Hudson S, et al. Muscle invasive bladder cancer: examining 
survivor burden and unmet needs. J Urol 2014;191:48–53. [PubMed: 23911603] 

[23]. Normann CO, Opheim R, Andreassen BK, Bernklev T, Haug ES. Health-related quality-of-life 
after radical cystectomy among Norwegian men and women compared to the general population. 
Scand J Urol 2020;54:181–7. [PubMed: 32343159] 

[24]. Kretschmer A, Grimm T, Buchner A, et al. Midterm health-related quality of life after radical 
cystectomy: a propensity score-matched analysis. Eur Urol Focus 2020;6:704–10. [PubMed: 
30853603] 

[25]. Mitra AP, Quinn DI, Dorff TB, et al. Factors influencing post-recurrence survival in bladder 
cancer following radical cystectomy. BJU Int 2012;109:846–54. [PubMed: 21812902] 

[26]. Taarnhoj GA, Johansen C, Pappot H. Quality of life in bladder cancer patients receiving 
medical oncological treatment; a systematic review of the literature. Health Qual Life Outcomes 
2019;17:20. [PubMed: 30670040] 

[27]. EORTC Data Center. EORTC QLQ-C30 scoring manual. Brussels: Belgium; 2001, https://
www.eortc.org/app/uploads/sites/2/2018/02/SCmanual.pdf.

[28]. Group EuroQol. EuroQol—a new facility for the measurement of health-related quality of life. 
Health Policy 1990;16:199–208. [PubMed: 10109801] 

[29]. Coens C, Pe M, Dueck AC, et al. International standards for the analysis of quality-of-life and 
patient-reported outcome endpoints in cancer randomised controlled trials: recommendations of 
the SISAQOL Consortium. Lancet Oncol 2020;21:e83–96. [PubMed: 32007209] 

[30]. Osoba D, Rodrigues G, Myles J, Zee B, Pater J. Interpreting the significance of changes in 
health-related quality-of-life scores. J Clin Oncol 1998;16:139–44. [PubMed: 9440735] 

[31]. Pickard AS, Neary MP, Cella D. Estimation of minimally important differences in EQ-5D utility 
and VAS scores in cancer. Health Qual Life Outcomes 2007;5:70. [PubMed: 18154669] 

[32]. Cocks K, King MT, Velikova G, et al. Evidence-based guidelines for determination of sample 
size and interpretation of the European Organisation for the Research and Treatment of Cancer 
Quality of Life Questionnaire Core 30. J Clin Oncol 2011;29:89–96. [PubMed: 21098316] 

Witjes et al. Page 10

Eur Urol Oncol. Author manuscript; available in PMC 2023 March 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.eortc.org/app/uploads/sites/2/2018/02/SCmanual.pdf
https://www.eortc.org/app/uploads/sites/2/2018/02/SCmanual.pdf


[33]. Kaplan EL, Meier P. Nonparametric estimation from incomplete observations. J Am Stat Assoc 
1958;53:457–81.

[34]. Szende A, Janssen B. Population norms for the EQ-5D. In: Szende A, Janssen B, Cabases J, 
editors. Self-reported population health: an international perspective based on EQ-5D. Dordrecht, 
The Netherlands: Springer; 2014. p. 19–30.

[35]. Nolte S, Liegl G, Petersen MA, et al. General population normative data for the EORTC QLQ-
C30 health-related quality of life questionnaire based on 15,386 persons across 13 European 
countries, Canada and the Unites States. Eur J Cancer 2019;107:153–63. [PubMed: 30576971] 

[36]. Tyson MD 2nd, Barocas DA. Quality of life after radical cystectomy. Urol Clin North Am 
2018;45:249–56. [PubMed: 29650140] 

[37]. Catto JWF, Downing A, Mason S, et al. Quality of life after bladder cancer: a cross-sectional 
survey of patient-reported outcomes. Eur Urol 2021;79:621–32. [PubMed: 33581875] 

[38]. Kelly RJ, Ajani JA, Kuzdzal J, et al. Adjuvant nivolumab in resected esophageal or 
gastroesophageal junction cancer. N Engl J Med 2021;384:1191–203. [PubMed: 33789008] 

[39]. Weber J, Mandala M, Del Vecchio M, et al. Adjuvant nivolumab versus ipilimumab in resected 
stage III or IV melanoma. N Engl J Med 2017;377:1824–35. [PubMed: 28891423] 

[40]. Roychowdhury DF, Hayden A, Liepa AM. Health-related quality-of-life parameters as 
independent prognostic factors in advanced or metastatic bladder cancer. J Clin Oncol 
2003;21:673–8. [PubMed: 12586805] 

Witjes et al. Page 11

Eur Urol Oncol. Author manuscript; available in PMC 2023 March 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1 –. 
Patient disposition for the EORTC QLQ-C30 evaluable and VAS evaluable populations. 

EORTC QLQ-C30 = European Organisation for Research and Treatment of Cancer Quality 

of Life Questionnaire; PD-L1 = programmed death ligand 1; VAS = visual analog scale.
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Fig. 2 –. 
Linear mixed-effect model for repeated measures least squares mean change from baseline 

in HRQoL. (A) Physical functioning, (B) role functioning, and (C) fatigue for the EORTC 

QLQ-C30 evaluable population. (D) Physical functioning, (E) role functioning, and (F) 

fatigue for the EORTC QLQ-C30 evaluable population with PD-L1 expression ≥1%. 

CI = confidence interval; EORTC QLQ-C30 = European Organisation for Research and 

Treatment of Cancer Quality of Life Questionnaire; FU = follow-up; HRQoL = health-

related quality of life; LS = least squares; W = week.
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Fig. 3 –. 
Time to confirmed deterioration of HRQoL: (A) global health status/QoL, (B) physical 

functioning, (C) role functioning, (D) fatigue, and (E) VAS. The analysis used the overall 

EORTC QLQ-C30 evaluable and VAS evaluable populations. CI = confidence interval; 

EORTC QLQ-C30 = European Organisation for Research and Treatment of Cancer Quality 

of Life Questionnaire; HR = hazard ratio; HRQoL = health-related quality of life; QoL = 

quality of life; VAS = visual analog scale.
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