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Abstract
Background  The KEYNOTE-045 trial showed that pembrolizumab therapy improved the survival of patients with advanced 
urothelial carcinoma (UC). However, its effectiveness in trial-ineligible patients remains unclear.
Materials and methods  We conducted a multicenter retrospective study to evaluate the effectiveness of pembrolizumab in 
patients with metastatic UC who were trial-ineligible. The data of 164 consecutive patients with platinum-treated metastatic 
UC who received pembrolizumab as second-line therapy were analyzed. Trial eligibility was assessed using the KEY-
NOTE-045 criteria. Inverse probability of treatment weighting (IPTW) was used to balance patient characteristics. Overall 
survival (OS) and progression-free survival (PFS) were examined using the IPTW-adjusted Kaplan–Meier method. IPTW-
adjusted restricted mean survival times (RMSTs) were compared between ineligible and eligible patients.
Results  Seventy-five patients (45.7%) were classified as ineligible based on the KEYNOTE-045 criteria. Baseline hemo-
globin concentration of less than 9.0 g/dL was the most common reason for trial protocol violation (N = 23 [14.0%]). An 
IPTW-adjusted logistic regression model showed that the trial-eligibility was not significantly associated with objective 
response (OR: 0.65, 95% CI: 0.32 to 1.29, P = 0.22). Ineligible patients had similar RMST for PFS (difference: 3.8 months, 
95% CI: −1.6 to 9.3, P = 0.17) and RMST for OS (difference: 1.4 months, 95% CI: −5.4 to 8.2, P = 0.93) compared with 
eligible patients.
Conclusions  This study suggests that the effectiveness of pembrolizumab may be retained in ineligible patients with platinum-
treated metastatic UC. Expanding trial eligibility criteria for these patients may be beneficial.

Keywords  Immune checkpoint inhibitor · Inverse probability of treatment weight, Pembrolizumab · Restricted mean 
survival time · Urothelial carcinoma
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Introduction

Advanced or metastatic urothelial carcinoma (UC) is 
highly lethal, with a median overall survival (OS) of 
14 to 15  months when treated with platinum-based 
chemotherapy as the standard first-line therapy [1]. The 
KEYNOTE-045 trial showed that pembrolizumab, an 
antibody targeting programmed cell death protein-1 (PD-
1), improved OS in patients with platinum-refractory 
advanced UC as second-line therapy [2]. Furthermore, 
checkpoint inhibitor (CPI) therapy has expanded to the 
first-line therapy for patients with advanced UC who are 
unfit for cisplatin [3].

Patients with UC are likely to be aged, have poor per-
formance status, or impaired hepatic or renal function, and 
approximately 30 to 50% of patients are cisplatin-unfit [4]. 
Because of their favorable safety profile, physicians are 
likely to use CPIs such as pembrolizumab and atezoli-
zumab instead of standard chemotherapy [3, 5, 6], espe-
cially for patients with poor physical conditions. Indeed, 
a large-scale retrospective study showed that CPIs were 
more preferentially used for this population in patients 
with advanced UC compared to other cancers [7]. Despite 
the increase in its use, given that the KEYNOTE-045 trial 
only enrolled patients who were fit for chemotherapy, the 
effectiveness of pembrolizumab in patients who were trial-
ineligible is still unclear.

In this study, using the KEYNOTE-045 criteria, we 
evaluated the effectiveness of pembrolizumab therapy in 
trial-ineligible patients with metastatic UC.

Materials and methods

Data collection

After approval by the institutional review board, this mul-
ticenter retrospective study was conducted using the medi-
cal records of 241 consecutive patients with metastatic 
urothelial cancer who received pembrolizumab as a sec-
ond-line therapy at least once between February 2018 and 
October 2021 at the following institutions: Department 
of Urology, The Jikei University Hospital; Department of 
Urology, The Jikei University Kashiwa Hospital; Depart-
ment of Urology, The Jikei University Daisan Hospital; 
Department of Urology, The Jikei University Katsushika 
Medical Center; Department of Urology, Kameda Medical 
Center; Department of Medical Oncology, Kameda Medi-
cal Center. Among them, patients were excluded because 
they did not receive platinum-based chemotherapy (N = 4), 
did not have available treatment response data (N = 13), 

did not have urothelial cancer (N = 1), had missing base-
line data (N = 1), or had not progressed following chemo-
therapy (N = 58), thus leaving 164 patients for the analy-
sis. Supplemental Fig. 1 shows the number of patients 
excluded and the reasons for their exclusion. The follow-
ing variables were collected from the electronic medical 
records: age at treatment initiation, sex, Eastern Coopera-
tive Oncology Group (ECOG) performance status, body 
mass index (BMI), smoking status, the previous history of 
radical surgery, the primary location of tumor, the num-
ber of metastatic sites, the presence of liver metastasis, 
the prior platinum-based chemotherapy, the most recent 
chemotherapy, concomitant proton pump inhibitor (PPI) 
use, previous antibiotic use, and baseline neutrophil-to-
lymphocyte ratio (NLR). Furthermore, the clinical data 
regarding eligibility for the KEYNOTE-045 trial were also 
collected [2]. The trial eligibility criteria have been shown 
previously [2]. Pembrolizumab was administered intrave-
nously at a dose of 200 mg every three weeks or 400 mg 
every six weeks.

Assessment

The initial date of pembrolizumab administration was set 
as the baseline. The primary outcomes of interest were 
overall survival (OS) and progression-free survival (PFS). 
OS was defined as the interval from the baseline to the date 
of all-cause death. PFS was defined as the interval from 
the baseline to the date of radiographic progression or all-
cause death, whichever occurred first. Disease progression 
was assessed using the Immunotherapy Response Evalua-
tion Criteria in Solid Tumors (iRECIST) [8]. The princi-
ples for evaluating treatment response and disease progres-
sion have not changed largely from the RECIST version 
1.1 [9], except for the re-assessment of radiographic pro-
gression to discriminate atypical responses from true pro-
gression. The secondary outcome of interest was immune 
objective response per iRECIST (the sum of immune 
complete response and immune partial response) [8]. For 
patients without events, the follow-up was censored at the 
last disease evaluation. Follow-up examinations based on 
computed tomography and/or magnetic resonance imaging 
of the chest, abdomen, and pelvis were performed discre-
tionary and generally performed every six to 12 weeks. 
In addition, we also studied the association between trial 
eligibility and the incidence of treatment-related adverse 
events (trAEs). TrAEs were defined according to the previ-
ous studies as immunologically driven adverse events that 
require immunosuppressive or endocrine intervention [10, 
11]. The clinical severity of trAEs was graded based on 
the Common Terminology Criteria for Adverse Events, 
version 4.0.
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Data analysis

Descriptive statistics for categorical variables are shown as 
frequencies and percentages, whereas continuous variables 
are reported as the mean and standard deviation (SD). The 
association between variables was assessed using absolute 
standardized mean difference (SMD), where more than 0.1 
(10%) of SMD was considered as a significant imbalance 
between variables [12]. Patients were grouped according to 
whether they had met the eligibility criteria for the KEY-
NOTE-045 trial. The association between the eligibility and 
the incidence of trAEs was examined using Fisher’s exact 
test.

Stabilized inverse probability of treatment weighting 
(IPTW) based on propensity score was used to adjust the 
baseline patient characteristics [13]. Propensity score, the 
probability of patients being eligible, was estimated based 
on a multivariable logistic regression model with age at 
treatment initiation, sex, ECOG performance status, BMI, 
smoking status, the previous history of radical surgery, the 
primary location of tumor, the number of metastatic sites, 
the presence of liver metastasis, the prior platinum-based 
chemotherapy, the most recent chemotherapy, concomitant 
PPI use, previous antibiotic use, baseline NLR, and Bajorin 
risk score as covariates. Bajorin risk scores were calculated 
based on the number of the following adverse prognostic 
factors: the presence of visceral metastasis (liver, lung, or 
bone metastasis) and ECOG performance status (2 or more) 
[14]. The distribution of propensity scores between the 
groups was determined using Kernel density estimation.

A multivariable logistic regression model was used to 
examine the association between eligibility and other patient 
characteristics. The results were described as odds ratios 
(ORs) and the corresponding 95% confidence intervals 
(CIs). The association between immune objective response 
and eligibility criteria was assessed using an IPTW-adjusted 
logistic regression model.

The time-to-event distribution of the unweighted 
and weighted populations was estimated based on the 
Kaplan–Meier method and compared using a weighted log-
rank test. Furthermore, the IPTW-adjusted restricted mean 
survival time (RMST) difference, the absolute difference 
between the IPTW-adjusted RMST of eligible patients and 
the IPTW-adjusted RMST of ineligible patients, was calcu-
lated to quantify the magnitude of the clinical impact of the 
KEYNOTE-045 eligibility on the outcome of patients with 
metastatic UC receiving pembrolizumab. RMST is the aver-
age event-free time until a milestone time point, a numeric 
expression of the area under the Kaplan–Meier curve [15]. 
In this analysis, the RMST was estimated until the last all-
cause death was observed. Finally, a sensitivity analysis for 
the RMST difference was conducted by depicting the RMST 
difference with 95% CI as a function of time [16].

Although previous studies showed the difference in 
survival between patients who had progressed following 
first-line chemotherapy and those who had not [2, 17], evi-
dence is limited for patients with metastatic UC receiving 
pembrolizumab. Thus, sensitivity analysis based on the 
cohort comprised of patients used for the primary analysis 
(N = 164) plus patients who had not progressed following 
chemotherapy (N = 58) were performed to assess the robust-
ness of the study findings. In addition to the covariates used 
in the primary analysis, the proportion of patients who had 
not progressed following chemotherapy was also adjusted 
based on IPTW.

All statistical tests were two-sided, and a P value < 0.05 
indicated statistical significance. All statistical analyses were 
performed using R version 4.2.1 (R Foundation for Statistical 
Computing).

Results

Patient characteristics

Baseline patient characteristics of the unweighted and 
weighted population are summarized in Table 1. The median 
follow-up was 13.5 months (95% CI: 11.7 to 19.3). During 
the follow-up, 84 (51.2%) and 126 (76.8%) patients expe-
rienced all-cause mortality and radiographic progression, 
respectively. Treatment durations were significantly shorter 
in ineligible patients than eligible patients (median, ineli-
gible patients, 6.3 months [95% CI: 3.4 to 17.6] vs. eligi-
ble patients, 12.0 months [95% CI: 6.2 to 18.2], P = 0.011 
[Wilcoxon rank sum test]), and the proportions of patients 
discontinuing treatment without progression were similar 
between ineligible and eligible patients (ineligible patient, 
15 [21.1%] vs. eligible patients, 11 [16.9%]) (Supplemental 
Table 1). Seventy-five (45.7%) were not eligible according 
to the KEYNOTE-045 criteria. The distribution of the esti-
mated propensity scores is shown in Fig. 1. The distribution 
overlapped, indicating that the positivity assumption was 
not violated. Baseline patient characteristics were signifi-
cantly imbalanced between the groups, and IPTW achieved 
adequate balance (Table 1).

Association of KEYNOTE‑045 eligibility with patient 
characteristics

Violation of KEYNOTE-045 eligibility criteria is summa-
rized in Table 2. The most common reason for the violation 
was a baseline hemoglobin concentration of less than 9.0 g/
dL (N = 23 [14.0%]). The results of the multivariable logistic 
regression model predicting patient eligibility are shown in 
Table 3. Of all patient characteristics, trial eligibility was 
associated with cisplatin use as a first-line chemotherapy 



844	 Cancer Immunology, Immunotherapy (2023) 72:841–849

1 3

(OR: 0.33, 95% CI: 0.15 to 0.72, P = 0.006) and concomitant 
proton pump inhibitor use (OR: 2.43, 95% CI: 1.17 to 5.14, 
P = 0.018) (Table 3).

Association of KEYNOTE‑045 eligibility 
with effectiveness of pembrolizumab

The crude best overall response data according to eligibility 
criteria are shown in Supplemental Fig. 2. During follow-up, 
45 patients (27.4%) experienced immune objective response. 
An IPTW-adjusted univariable logistic regression model 
indicated that there was no significant association between 

eligibility criteria and immune objective response (OR: 0.65, 
95% CI: 0.32 to 1.29, P = 0.22).

The median PFS and OS were 2.8 (95% CI: 2.3 to 4.8) 
and 13.5 months (95% CI: 11.7 to 19.3), respectively. The 
last all-cause death was observed at 41.1 months after treat-
ment initiation. Crude data showed that ineligible patients 
had a shorter OS compared with eligible patient (ineligible 
patients; median, 6.7 months, 95% CI: 5.1 to 30.8 vs. eli-
gible patients; median, 16.2 months, 95% CI: 12.4 to 27.5, 
P = 0.04) (Fig. 2). Ineligible patients had a similar PFS 
compared with eligible patients (ineligible patients; median, 
2.3 months, 95% CI: 1.9 to 5.2 vs. eligible patients; median, 

Table 1   Patient characteristics of unweighted and weighted population

SMD; standardized mean difference, ECOG; eastern cooperative oncology group, LN; lymph node, SD; standard deviation
a: Data are presented as number (percentage) of patients
b: Data are presented as percentage of patients

Characteristic Overall, N = 164 Unweighted populationa Weighted populationb

Eligible, N = 89 Ineligible, N = 75 SMD Eligible Ineligible SMD

Age at baseline, year (mean [SD]) 71.9 (9.1) 72.0 (8.4) 71.9 (10.0) 0.01 72.3 (8.3) 72.3 (9.5) 0
Sex 0.07 0.06
 Male 122 (74.4) 65 (73.0) 57 (76.0) 75.4 77.9
 Female 42 (25.6) 24 (27.0) 18 (24.0) 24.6 22.1

ECOG performance status 0.33 0.02
 0 80 (48.8) 50 (56.2) 30 (40.0) 55.3 54.3
 1 or more 84 (51.2) 39 (43.8) 45 (60.0) 44.7 45.7

Body mass index, kg/m2 (mean [SD]) 22.0 (3.5) 22.7 (3.8) 21.2 (3.1) 0.44 22.0 (3.7) 21.8 (3.1) 0.05
Smoking status 0.05 0.01
 Former or current 94 (57.3) 52 (58.4) 42 (56.0) 55.9 55.3
 Never 70 (42.7) 37 (41.6) 33 (44.0) 44.1 44.7

Previous radical surgery 102 (62.2) 60 (67.4) 42 (56.0) 0.24 65.7 60.8 0.09
Primary location of tumor 0.07 0.06
 Lower tract 84 (51.2) 47 (52.8) 37 (49.3) 52.7 49.8
 Upper tract 80 (48.8) 42 (47.2) 38 (50.7) 47.3 50.2

Location of metastasis 0.21 0.03
 LN and visceral metastasis 63 (38.4) 30 (33.7) 33 (44.0) 40.1 38.7
 LN or visceral metastasis 101 (61.6) 59 (66.3) 42 (56.0) 59.9 61.3

Liver metastasis 38 (23.2) 14 (15.7) 24 (32.0) 0.39 20.2 23.3 0.08
Platinum 0.41 0.01
 Other platinum 51 (31.1) 20 (22.5) 31 (41.3) 31.5 31.9
 Cisplatin 113 (68.9) 69 (77.5) 44 (58.7) 68.5 68.1

Most recent chemotherapy 0.11 0.04
Perioperative 46 (28.0) 27 (30.3) 19 (25.3) 30.4 32.5
Salvage 118 (72.0) 62 (69.7) 56 (74.7) 69.6 67.5
Concomitant proton pump inhibitor use 72 (43.9) 31 (34.8) 41 (54.7) 0.41 39.2 41 0.04
Previous antibiotic use 30 (18.3) 13 (14.6) 17 (22.7) 0.21 19.2 21.1 0.05
Baseline neutrophil-to-lymphocyte ratio 

(mean [SD])
4.6 (4.0) 4.4 (3.8) 4.9 (4.2) -0.13 4.8 (4.3) 4.6 (4.0) 0.05

Bajorin risk score 0.39 0.07
 0 67 (40.9) 44 (49.4) 23 (30.7) 40.8 44.3
 1 to 2 97 (59.1) 45 (50.6) 52 (69.3) 59.2 55.7
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3.6 months, 95% CI: 2.7 to 7.1, P = 0.40). However, the dif-
ference in OS was no longer significant after IPTW adjust-
ment (ineligible patients; median, 17.7 months, 95% CI: 5.9 
to not reached vs. eligible patients; median, 13.4 months, 
95% CI: 11.2 to 20.1, P = 0.93) (Fig. 2).

Furthermore, the IPTW-adjusted RMST analyses revealed 
that, within the 41.1-month window, ineligible patients had 
3.8 months (95% CI: −1.6 to 9.3, P = 0.17) longer progres-
sion-free and lived for 1.4-months (95% CI: −5.4 to 8.2, 
P = 0.69) more compared to eligible patients. Finally, sen-
sitivity analysis showed that no significant difference in 

RMST was observed until the last observed all-cause death 
(Fig. 3).

Association of KEYNOTE‑045 eligibility 
with treatment‑related adverse event due 
to pembrolizumab

During the follow-up, 45 (27.4%) patients experienced 
60 trAEs. A summary of trAEs is shown in Supple-
mental Table 1. Of all trAEs, 15 (25.0%) were grade 3 
or higher, and the trAE with the highest incidence was 

Fig. 1   The distributions of 
propensity scores based on the 
KEYNOTE-045 eligibility
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Table 2   Violation of eligibility criteria of KEYNOTE-045

1 n (%): ECOG; eastern cooperative oncology group, NYHA; New York Heart Association; GFR; glomerular filtration rate, ULN; upper limits of 
normal

Characteristic N = 1641

Patients without urothelial carcinoma histology 5 (3.0)
Patients received adjuvant platinum-containing therapy following cystectomy for localized muscle-invasive urothelial cancer, with 

recurrence/progression after 12 months following completion of therapy
2 (1.2)

Patients received neoadjuvant platinum-containing therapy prior to cystectom for localized muscle-invasive urothelial cancer, with 
recurrence after 12 months following completion of therapy

10 (6.1)

Patients who did not have a performance status of 0, 1, or 2 on the ECOG Performance Scale, as assessed within 10 days prior to 
treatment initiation. Subjects with anECOG performance status of 2 must have a hemoglobin ≥ 10 g/dL, must not have liver metas-
tases, and must have received the last dose of their last prior chemotherapy regimen

12 (7.3)

Patients receiving platinum-base chemotherapy other than cisplatin or carboplatin as a first-line therapy 3 (1.8)
Patients with NYHA class 3 or more congestive heart failure, or left ventricular ejection fraction of < 40% 8 (4.9)
Patients who has evidence of interstitial lung disease or active non-infectious pneumonitis 2 (1.2)
Patients who were receiving systemic steroid therapy or any other form of immunosuppressive therapy 9 (5.5)
Patients with a syndrome that requires systemic or immunosuppressive agents 2 (1.2)
Neutrophil count of less than 1500/mcL 2 (1.2)
Platelet count of less than 100,000/mcL 4 (2.4)
Hemoglobin concentration of less than 9.0 g/dL 23 (14.0)
Estimated GFR of ≤ 1.5 × ULN or ≥ 30 mL/min for subjects with creatinine levels > 1.5 × institutional ULN 22 (13.4)
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hypothyroidism (13 [22.0%]). Trial-eligibility was not sig-
nificantly associated with the incidence of all-grade trAEs 
(ineligible patients, 18 [24.0%] vs. eligible patients, 27 
[30.3%]); P = 0.39) or trAEs with grade 3 or more (ineli-
gible patients, 7 [9.3%] vs. eligible patients, 4 [4.5%]); 
P = 0.35).

Sensitivity analysis

Sensitivity analysis was performed to assess the robustness 
of our findings. In this analysis, patients who had not pro-
gressed following chemotherapy (N = 58) were included in 
the study population. After IPTW adjustment, patient char-
acteristics, including the proportion of patients without pro-
gression following chemotherapy, were well balanced, with 
2 exceptions: ineligible patients were more likely to be older 
(mean, 72.7 vs. 71.5 years, SMD = 0.13), have liver metasta-
sis (21.5 vs. 16.9%, SMD = 0.12), and had a previous history 
of antibiotic use (23.7 vs. 18.9%, SMD = 0.12) (Supplemen-
tal Table 3). An IPTW-adjusted univariable logistic regres-
sion model showed that the ineligibility was not associated 
with the immune objective response (OR: 0.60, 95% CI: 0.31 
to 1.14, P = 0.13). Although ineligible patients had a signifi-
cantly inferior OS compared with eligible patients before 
weighting (ineligible patients; median, 6.7 months, 95% 
CI: 4.5 to 19.1 vs. eligible patients; median, 19.1 months, 
95% CI: 13.6 to 27.5, P = 0.002), there was no significant 
difference in OS between ineligible and eligible patients 
after weighting (ineligible patients; median, 13.5 months, 
95% CI: 5.9 to not reached vs. eligible patients; median, 
16.3 months, 95% CI: 12.7 to 22.7, P = 0.49) (Supplemen-
tal Fig. 3). RMST analysis showed that ineligible patients 
had similar RMST for PFS (difference: 3.0 months, 95% CI: 
-2.8 to 8.7, P = 0.31) and OS (difference: −1.1 months, 95% 
CI: −7.6 to 5.5, P = 0.75). Furthermore, within the 41.1-
month window, the IPTW-adjusted dynamic RMST differ-
ence curves showed no significant differences between the 
groups (Supplemental Fig. 4).

The eligibility criteria were not associated with the inci-
dence of all-grade trAEs (ineligible patients, 19 [22.6%] 
vs. eligible patients, 42 [30.4%]); P = 0.21) and trAEs with 
grade 3 or more (ineligible patients, 7 [8.3%] vs. eligible 
patients, 9 [6.5%]); P = 0.60).

Discussion

Recent advances in CPI have improved the outcomes of 
patients with advanced or metastatic UC and have now 
become a part of the standard of care. As shown in the data 
from the KEYNOTE-045 trial, pembrolizumab therapy had 
a better safety profile than that standard chemotherapy [2]. 
However, owing to the study design, the results of this study 
could not be applied to patients with poor performance sta-
tus, hepatic or renal dysfunction, or chemotherapy-ineligible 
patients [2]. Although accumulating evidence suggests that 
pembrolizumab therapy showed clinical benefit for patients 
with advanced UC who were cisplatin-ineligible and/or had 
poor performance status [5, 18], the benefit of second-line 
pembrolizumab for patients who did not meet the clinical 
trial eligibility criteria has yet to be evaluated.

Table 3   Multivariable logistic regression analysis for predicting the 
trial-ineligiblity for KEYNOTE-045

OR; odds ratio, CI; confidence interval, ECOG; eastern cooperative 
oncology group, LN; lymph node

Characteristic OR (95% CI) P Value

Age at baseline, year 0.99 (0.95 to 1.03) 0.59
Sex
 Male –
 Female 0.66 (0.27 to 1.58) 0.35

ECOG performance status
 0 –
 1 or more 2.04 (1.00 to 4.23) 0.051

Body mass index 0.91 (0.82 to 1.02) 0.1
Smoking status
 Former or current –
 Never 1.12 (0.50 to 2.54) 0.78

Previous radical surgery
 No –
 Yes 0.67 (0.30 to 1.47) 0.32

Primary location of tumor
 Lower tract –
 Upper tract 1.03 (0.50 to 2.12) 0.94

Location of metastasis
 LN and visceral disease –
 LN or visceral only 0.92 (0.43 to 1.96) 0.82

Liver metastasis
 No –
 Yes 1.65 (0.63 to 4.39) 0.31

Platinum
 Carboplatin –
 Cisplatin 0.33 (0.15 to 0.72) 0.006

Most recent chemotherapy
 Perioperative –
 Salvage 0.66 (0.27 to 1.58) 0.35

Concomitant proton pump inhibitor use
 No –
 Yes 2.43 (1.17 to 5.14) 0.018

Previous antibiotic use
 No –
 Yes 1.52 (0.60 to 3.86) 0.37

Baseline neutrophil-to-lymphocyte 
ratio

0.98 (0.89 to 1.07) 0.64

Bajorin risk scores
 0 –
 1 to 2 1.76 (0.76 to 4.12) 0.19
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Fig. 2   Crude and IPTW-adjusted Kaplan–Meier estimates for PFS and OS according to the KEYNOTE-045 eligibility
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Fig. 3   Dynamic IPTW-adjusted RMST difference curves for PFS 
and OS based on the KEYNOTE-045 eligibility. Blue lines indicate 
the difference in RMST between the groups. RMST differences were 
calculated according to the following formula: RMST[ineligible 

patients] and RMST[eligible patients]. An RMST difference of > 0 
indicated that the RMST of ineligible patients was longer than that of 
eligible patients
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This study showed that, after adjusting for baseline char-
acteristics using propensity score weighting, the effective-
ness of pembrolizumab therapy for patients who were ineli-
gible for KEYNOTE-045 was similar to those who were 
eligible. The proportion of ineligible patients was compa-
rable with that of previous studies that assessed ineligible 
patients using real-world data [19, 20]. Baseline patient 
characteristics were also comparable to those reported in 
other large-scale studies [21]. As shown in Table 1, ineli-
gible patients had a worse performance status than eligible 
patients. This imbalance may result in the dissociation of 
survival distribution within the first year after treatment 
initiation, as shown by the Kaplan–Meier curve for OS in 
an unweighted population. Within the 41.1-month window, 
the absolute difference in RMST for OS and PFS were 1.4 
and 3.8 months, respectively, indicating that their survival 
distributions were also comparable when evaluated quanti-
tatively. Importantly, the incidence of all-grade and severe 
(grade 3 or more) trAEs was similar between the groups. 
Collectively, the results indicated that pembrolizumab ther-
apy might be effective for patients who are ineligible and 
are clinical candidates for pembrolizumab therapy, and sug-
gested that the trial eligibility criteria for CPI could be eased 
in this population, especially when the comparator arm is not 
cytotoxic chemotherapy. Given that the other study based on 
the data of patients with non-small-cell lung cancer receiv-
ing CPIs showed those who were ineligible for clinical trial 
might benefit from the treatments, our findings could apply 
to patients with metastatic UC treated with other CPIs [22].

In contrast to the evidence showing that poor performance 
status and those receiving systemic glucocorticoid therapy 
were worse prognostic factors for patients with cancer 
treated with CPIs, results suggested that ineligible patients 
had similar survival compared with eligible patients [23]. 
Although the KEYNOTE-045 eligibility criteria include sev-
eral adverse prognostic factors such as poor performance 
status and concomitant glucocorticoid use [23, 24], the 
variability of trial criteria might explain this discrepancy. 
Identifying criteria that can exclude from trial eligibility cri-
teria and have a minimal effect on the survival of patients is 
important. Given the limited sample size of our data, further 
large-scale studies are warranted to address this topic.

A large-scale retrospective study comprising the data of 
34,131 patients with advanced cancer recently showed that 
ineligible patients, defined as ECOG performance status 
of > 2 or the presence of kidney or liver dysfunction, did not 
benefit from CPI monotherapy and CPI combination ther-
apy compared with non-CPI therapy [7]. In contrast, given 
the established benefit of pembrolizumab compared with 
chemotherapy in patients with platinum-treated UC [2], our 
findings suggest that the benefit of CPI might be superior to 
that of chemotherapy in the ineligible population. The fol-
lowing factors might explain the discordance between the 

results of this study and our findings: 1) it evaluated patients 
receiving first-line systemic therapy, 2) the definition of the 
trial-eligibility violation differed between the studies, and 3) 
the models for propensity score estimation did not consider 
tumor factors, such as metastatic burden and the presence of 
liver metastasis. Further research is warranted to evaluate the 
benefit of CPI compared to chemotherapy in patients with 
metastatic UC who are ineligible.

This study has several limitations that arise due to its 
retrospective nature of this analysis. First, although IPTW 
balanced baseline patient characteristics, unmeasured con-
founders such as comorbidity, programmed death-ligand 
1 expression status, and heterogeneity of clinical practice 
across the participating institutions, might have influenced 
the results. Second, the follow-up radiographic examina-
tions were not completely standardized. Importantly, this 
study could not include patients with poor physical condi-
tions who could not receive pembrolizumab therapy. Further 
studies are required to adjust for selection bias. Given the 
limited sample size of this study, further large-scale studies 
are warranted to identify the criteria that could be removed 
from trial eligibility criteria and have a minimal effect on 
the effectiveness of pembrolizumab. Finally, our data did not 
include patients receiving the second-line chemotherapy as 
a comparator arm. Despite these limitations, this study indi-
cates that the clinical benefit of pembrolizumab therapy for 
ineligible patients with metastatic UC might not be inferior 
to that of eligible patients.

Conclusions

In summary, this multicenter retrospective study suggested 
that the effectiveness of second-line pembrolizumab ther-
apy in patients with metastatic UC who were ineligible for 
KEYNOTE-045 was similar to that in eligible patients. The 
incidence of trAEs was also comparable between the two 
groups. Further research is needed to validate these findings.
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