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To investigate the association between the onset, severity, and type of immune-

platinum-pretreated advanced urothelial carcinoma (UC), we retrospectively col-
lected clinical datasets of 755 patients and conducted landmark analysis. Patients
who survived for fewer than 3months were excluded from the evaluation to reduce
the immortal time bias. In total, 620 patients were evaluated, of whom 220 patients
(35.5%) experienced grade 22 irAEs, including 134 patients with grade 2 irAEs and
86 with grade 23 irAEs. Propensity score matching extracted 198 patients with and
without grade 22 irAEs. The onset of grade 22 irAEs was associated with longer me-
dian progression-free survival (PFS) (8.3 months vs. 4.5 months, p = 0.003) and overall
survival (OS) (20.4 months vs. 14.3 months, p = 0.031) and a higher objective response
rate (ORR) (44.8% vs. 30.2%, p = 0.004). Patients with grade 2 irAEs had significantly
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vanced UC.
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1 | INTRODUCTION

Urothelial carcinoma (UC) is the fourth leading type of cancer, and
more than 10% of cases are diagnosed in advanced stages.! Although
platinum-based chemotherapy remains the mainstay of first-line
treatment for metastatic UCs, the prognosis of platinum-pretreated
advanced UC is poor because of the lack of proven later-line treat-
ments.? The establishment of immune checkpoint inhibitors (ICls)
revolutionized the treatment of advanced UC in patients who failed
prior platinum chemotherapy, and currently, four different ICls have
been approved by the Food and Drug Administration.®~¢

Pembrolizumab, a humanized monoclonal anti-programmed
death 1 (PD-1) antibody, exerts antitumor efficacy by inhibiting the
negative regulation of immune response, which promotes cytotoxic
T cell activity against cancer cells. According to the Keynote-045
trial, pembrolizumab significantly prolonged overall survival (OS)
versus conventional chemotherapy in patients with platinum-
pretreated advanced UCs (10.3months vs. 7.4 months, p = 0.002).¢
Hyperactivation of the immune system by ICls could damage nor-
mal tissues in various organs, and such events are termed immune-
related adverse events (irAEs). The rate of irAEs with ICls was
reported to be 26.8% for any-grade events and 6.1% for grade 23
events,” and 5.6% of patients discontinued treatment because of
adverse events (AEs).°

However, the number of responders to ICls is limited, and bio-
markers for predicting ICI efficacy are lacking. In addition to onco-
logical features such as a microsatellite instability-high status and
programmed death ligand 1 (PD-L1) expression, clinical features in-
cluding the performance status (PS) and neutrophil-to-lymphocyte
ratio (NLR) were previously studied as biomarkers.81° Recently, an
association between the onset of irAEs and the therapeutic efficacy
of ICls was suggested in melanoma and non-small cell lung cancer
(NSCLC).**"*3 Rapid disease progression during ICI treatment would
make irAEs clinically undetectable, which is one of the immortal time
biases that underlie the evaluation of irAEs.2'* While there have
been reports mentioning the relationship of irAEs with outcome in
advanced UC,>™18 due to the small sample size, study design, and
frequency of irAEs, these previous studies have not accounted for
this bias and the results remain controversial. Therefore, we at-
tempted to minimize this immortal time bias by using large-scale
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better oncological outcomes (PFS, OS, and ORR) than grade <1 and >3 irAEs. Patients
with grade >3 irAEs had worse outcomes than grade 2 irAEs. Endocrine and skin irAEs
were related with better survival outcomes, and the rate of severities was lower in
these categories. In conclusion, the occurrence of irAEs, particularly low-grade irAEs,

was predictive of pembrolizumab efficacy in patients with platinum-pretreated ad-

immortal time bias, immune-related adverse events, pembrolizumab, therapeutic efficacy,

real-world data, which enabled us to exclude cases who died early
and to analyze the real association between irAEs and the efficacy of

pembrolizumab in patients with platinum-pretreated advanced UCs.

2 | MATERIALS AND METHODS

2.1 | Patients

This multicenter retrospective study was approved by the institu-
tional review boards of 59 medical institutions in Japan (approval
number at Kyoto University Graduate School of Medicine was
R1783). This study conformed to the provisions of the Declaration
of Helsinki. In total, 755 patients with platinum-pretreated advanced
UC who started treatment with pembrolizumab from August 2015 to
December 2019 were enrolled. Clinical datasets, including age, gen-
der, smoking history, primary tumor site, variant histology, surgical
removal of primary tumor, metastatic sites, number of prior chemo-
therapy, hemoglobin, albumin, NLR, Eastern Cooperative Oncology
Group PS, number of pembrolizumab cycles, and irAEs, were col-
lected until September 2021. In this study, treatment-related AEs
excluding infection and events evidently due to disease progression
were regarded as irAEs. Pembrolizumab administered after periop-

erative chemotherapy was categorized as the first-line treatment.

2.2 | Objectives

The primary objective of this study was to investigate the relation-
ship between the occurrence of irAEs and the therapeutic efficacy
of pembrolizumab in advanced UC. The efficacy of pembrolizumab
was assessed using the objective response rate (ORR) according
to Response Evaluation Criteria in Solid Tumors version 1.1 and by
progression-free survival (PFS) and OS. PFS was defined as the time
from the initiation of pembrolizumab to objective disease progres-
sion based on radiological assessments, and OS was defined as the
time from the initiation of pembrolizumab therapy to death from any
cause or the last day of follow-up. The secondary objective was to as-
sess the impact of the severity and spectrum of irAEs on the efficacy
of pembrolizumab. The severity of irAEs was assessed according to
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Common Terminology Criteria for Adverse Events version 4.0, and
grade 22 irAEs were regarded as clinically significant irAEs in this
study. irAEs were categorized as hematologic, gastrointestinal, gen-
eral fatigue, hepatic, renal, neurological, pulmonary, skin, endocrine,
musculoskeletal, infusion reaction, and other.

2.3 | Statistical analysis

Landmark analysis was conducted, and to minimize the immortal
time bias, patients who survived more than 3 months were included
in the evaluation. Continuous parameters were assessed using the
Mann-Whitney U test or Kruskal-Wallis test, and categorical data
were examined using Pearson's chi-square test or Fisher's exact
test. We used a propensity score matching (PSM) method to achieve
the between-group comparability of the patients with and without
clinically significant irAE (Figure 1). PSM was performed using the
logistic regression model. Covariates including age, sex, smoking his-
tory, primary tumor site (upper urinary tract, bladder and urethra,
or both), variant histology, surgical removal of the primary tumor,
metastatic sites (lymph nodes, viscera, and liver), number of prior
chemotherapies (pembrolizumab in the first, second, third, or fourth
line or later), hemoglobin, albumin, NLR, and PS (0, 1, or 22) were
converted into propensity scores. For the sensitivity analysis, two
independent attempts were made to transfer 20% of randomly se-
lected patients with grade 22 irAEs to a group of patients with grade
1 or no irAE before PSM was performed. The caliper width was 20%
of the standard deviation of the logit of the score. The Kaplan-Meier
method with the log-rank test was used to estimate OS and PFS.
Cox proportional hazard models were used to model the hazard

ratios (HRs) and 95% confidence intervals (Cls). All tests were two

tailed, and p <0.05 was defined as statistically significant. All statis-
tical analyses were performed using JMP Pro (version 16.1.0, SAS
Institute Inc.).

3 | RESULTS

3.1 | Patients

We identified 220 patients with grade 22 irAEs and 400 with grade 1
or no irAEs who survived longer than 3months. In total, the median
patient age was 71years, 466 patients (75.2%) were male, and 545
patients (87.9%) had a PS of O or 1. The primary tumor was located in
the upper urinary tract in 272 patients (43.9%) and in the bladder or
urethra in 306 patients (49.4%), and 356 patients (57.4%) underwent
primary tumor resection. Variant histology appeared in 59 patients
(9.5%). Metastasis to the lymph nodes, viscera, and the liver was de-
tected in 415 (66.9%), 363 (58.5%), and 91 patients (14.7%), respec-
tively. Pembrolizumab was mainly initiated as second-line therapy

(60.6%). Baseline patient characteristics are presented in Table 1.

3.2 | irAEs

Among the 620 enrolled patients, 220 patients (35.5%) experienced
grade 22 irAEs, including 134 patients (60.9%) with grade 2 irAEs
and 86 (39.1%) with grade 23 irAEs. There were no grade 5 irAEs.
The numbers and characteristics of irAEs are presented in Table 2.
Among grade 22 irAEs, endocrine (n = 60, 9.7%), skin (n = 53, 8.5%),
gastrointestinal (n =43, 6.9%), pulmonary (n = 29, 4.7%), and hepatic

events (n = 26, 4.2%) occurred most frequently. The proportion of

Platinum-pretreated advanced urothelial cancer patients
who received pembrolizumab (n = 755)

Exclusion:
OS < three months (n = 135)

Eligible patients

(n = 620)

\ 4

Secondary objective:
To assess the impact of

Grade 1 or 0 irAEs [

(n=

Grade >2 irAEs ] !

220) |

|

|

I (n = 400)
\

J

[ Propensity score matching (1:1) ]

Matched patients

(n=396)
'—__T______w___\
| Grade 1 or 0 irAEs Grade 22 irAEs !
I (n=198) (n=198) I
\ J

the severity and spectrum
of irAEs on the efficacy of
pembrolizumab

Primary objective:

To investigate the
relationship between the
occurrence of irAEs and
the therapeutic efficacy of
pembrolizumab

FIGURE 1 Flowchart of the study
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TABLE 1

After propensity score matching

Before propensity score matching

Grade 1 or no

irAEs

Grade 1 or no

irAEs

Grade 22 irAEs

Grade 23 irAEs Grade 22 irAEs

Grade 2irAEs

SD

n=198

n=198

n =220 n =400

n=286

n=134

Variable

irAE maximum grade, n (%)

121 (61.1)
62 (31.3)
15(7.6)

134 (60.9)
69 (31.4)
17 (7.7)

134 (60.9)

Grade 2
Grade 3
Grade 4
Grade 5

69 (31.4)
17 (7.7)

0.773

7 (4-16)

7 (4-17)

0.714

7 (4-16)

7 (3-17)

(3-10)

4.5

9 (5-20)

Cycles of pembrolizumab, n,

OTSUKA ET AL.

median (range)

Abbreviations: Alb, albumin; ECOG PS, Eastern Cooperative Oncology Group performance status; Hb, hemoglobin; NLR, neutrophil-to-lymphocyte ratio; SD, standardized difference.

severe events (grade 23/ grade 22) for each irAE was higher in the
renal (76.9%), pulmonary (65.5%), and musculoskeletal categories
(60.0%) and lower in the infusion reaction (0%), skin (13.2%), neu-
rological (18.8%), and endocrine categories (25.0%). Multiple irAEs
were observed in 64 patients (29.1%). Treatment discontinuation
owing to irAEs occurred in 28 patients (20.9%) with grade 2 irAEs
and 28 (32.6%) with grade 23 irAEs. There was no predictive factor

for the presence of irAEs in our cohort (data not shown).

3.3 | Occurrence of clinically significant
irAEs and efficacy

After stratifying patients on the basis of the occurrence of clini-
cally significant irAEs, 198 patients were extracted from each group
by PSM and included in further analyses. Baseline characteristics
were well balanced between the groups (Table 1). Median PFS was
8.3months in patients with grade 22 irAEs, versus 4.5 months in pa-
tients with grade 1 or no irAEs (p = 0.003; Figure 2A), and median OS
was 20.4 months in patients with grade 22 irAEs, versus 14.3 months
in patients with grade 1 or no irAEs (p = 0.031; Figure 2B). ORR
was significantly higher in patients with grade 22 irAEs (44.8% vs.
30.2%, p = 0.004). No difference was observed in the median (inter-
quartile range [IQR]) number of cycles of pembrolizumab between
patients with grade 22 and with grade 1 or no irAEs (7 [4-17] vs.
7 [4-16], p = 0.773). Multivariate analysis illustrated that the pres-
ence of grade 22 irAEs was associated with significantly longer PFS
(HR = 0.48, 95% Cl = 0.31-0.73, p<0.001) and a trend toward fa-
vorable OS (HR = 0.71, 95% CI = 0.48-1.03, p = 0.070; Figure S1).
The sensitivity analyses were conducted by transferring 20% of ran-
domly selected patients with grade 22 irAEs to patients with grade
1 or no irAEs followed by PSM, and similar favorable prognosis was
shown in patients with grade 22 irAEs (Figure S2). Additionally, PSM
was conducted in patients with OS longer than 6 months, and the
occurrence of clinically significant irAEs was also associated with
significant improvements in PFS, OS, and ORR (Table S1). In patients
with clinically significant irAEs, multivariate analysis illustrated that
the nonsmoker was associated with good response (HR = 2.51, 95%
Cl = 1.25-5.03, p = 0.010) and PS 21 was related with no response
(HR =0.35, 95% Cl = 0.17-0.71, p = 0.004) (Table S2).

3.4 | Severity and spectrum of irAEs and efficacy

Comparing patients with grade <1 irAEs with those with grade 2
or 23 irAEs, median PFS (4.5months vs. 9.0months vs. 4.5months,
p <0.001; Figure 3A), median OS (14.4months vs. 23.5months vs.
13.1months, p <0.001; Figure 3B), and median ORR (29.6% vs. 45.8%
vs. 37.3%, p = 0.003) were significantly better among patients with
grade 2 irAEs. No statistical difference in response was observed
between patients with grade 1 or no irAEs and those with grade >3
irAEs. Interestingly, 56 patients who discontinued pembrolizumab be-
cause of irAEs had significantly longer median PFS (19.5months vs.



OTSUKA ET AL.

H 3917
Cancer Science A yins A

5.3months, p=0.008) and numerically better median OS (26.9 months
vs. 17.8 months, p = 0.112) than patients who continued pembroli-
zumab despite completing fewer cycles of pembrolizumab (median
[IQR]: 5 [3-8] vs. 8 [4-20], p <0.001; Figure 4). This trend was seen
not only in grade 2 irAEs but also in grade 23 irAEs, and 58 patients
who continued treatment in grade 23 irAEs had worse outcomes than
patients who discontinued treatment (data not shown) (Appendix A).

When investigating each type of irAEs and the efficacy of pem-
brolizumab, only endocrine and skin irAEs were related with sig-
nificantly better survival outcomes. Median PFS was 10.5months
(p = 0.005; Figure 3C) in patients with endocrine irAEs and
12.8 months (p<0.001; Figure 3E) in those with skin irAEs. Median
OSwas 33.2months (p =0.001; Figure 3D) in patients with endocrine
irAEs and 32.1 months (p = 0.012; Figure 3F) in patients with skin

irAEs. Patients with single and multiple irAEs had similar objective

TABLE 2 Details of immune-related adverse events (irAEs)

Grade 22 Grade2  Grade23 ROS
Category of irAEs n (%) n (%) n (%) %
Endocrine 60 (9.7) 45 (7.3) 15(2.4) 25.0
Skin 53(8.5) 46 (7.4) 7(1.1) 13.2
Gastrointestinal 43(6.9) 32(5.2) 11(1.8) 25.6
Pulmonary 29 (4.7) 10 (1.6) 19 (3.1) 65.5
Hepatic 26(4.2) 15(2.4) 11(1.8) 42.3
General fatigue 23(3.7) 16 (2.6) 7(1.1) 30.4
Neurological 16 (2.6) 13(2.1) 3(0.5) 18.8
Hematologic 14 (2.3) 10 (1.6) 4(0.6) 28.6
Renal 13(2.1) 3(0.5) 10 (1.6) 76.9
Musculoskeletal 5(0.8) 2(0.3) 3(0.5) 60.0
Infusion reaction 4(0.6) 4(0.6) 0(0.0) 0.0
Other 16 (2.6) 8(1.3) 8(1.3) 50.0
Total 302 204 98 32.5

Abbreviations: ROS, rate of severity = grade 23 / grade 22.

(A)
2 1001 = jrAEs: grade >2
> .
5 e irAEs: grade 1 or no
3 80 4
] —
& 60 P=0.003
=
.8
w40 1
3
§° 20 A
&
= 0 T T T T T T

0 6 12 18 24 30 36

Number at risk Months
irAEs:
grade >2 198 115 82 68 55 33 15

grade lorno 198 90 58 42 31 18 9

responses (median PFS: 8.3months vs. 6.0months, p = 0.140; me-
dian OS: 18.8 months vs. 22.0months, p = 0.641; Figure S3).

4 | DISCUSSION
In this retrospective study, the occurrence of irAEs, especially low-
grade irAEs, was strongly associated with higher ORR and longer
PFS and OS in patients with platinum-pretreated advanced UC re-
ceiving pembrolizumab. The relationship between the onset of irAEs
and ICl efficacy was recently described in some meta-analyses, and
patients with anti-PD-1/L1 antibody-related AEs had better PFS,
0S, and ORR.**1® However, most of these findings are from patients
with melanoma or NSCLC, with limited reports based on data from
patients with UC.2"¥ Maher et al. conducted a pooled analysis of
1747 patients with advanced UC from seven clinical trials, and bet-
ter OS was observed in patients with anti-PD-1/L1 antibody-related
AEs (HR = 0.45, 95% C| = 0.39-0.52).}° Kijima et al. retrospectively
evaluated 97 patients with UC receiving pembrolizumab and re-
vealed significant improvements in ORR (52% vs. 16%, p<0.01) and
PFS (11.0months vs. 3.6 months, p = 0.02) in patients with irAEs. 1
One of the problems in analyzing patients with and without
irAEs is the immortal time bias.®* Because most irAEs occur within
the first few weeks to months of treatment initiation,?° irAEs in pa-
tients with short survival might be clinically undetected, resulting
in patients being classified as irAE-free. In the setting of ICI usage
in the second or later lines in particular, survival tends to be short,
and this bias could be sufficient to change the results. Unfortunately,
most previous reports focusing on patients with UC could not con-
sider this bias because of their small sample sizes or study designs.
Recently, Kawai et al. reported that the incidence of irAEs is a predic-
tor of the efficacy of pembrolizumab in UC after minimizing this bias
using time-dependent analysis, whereby the survival time of each
patient who experienced irAEs from time of starting pembrolizumab
treatment to time of final observation was divided into time from
the start of pembrolizumab to the onset of initial irAE and time after

(B) )
1001 = jrAEs: grade >2
= = jrAEs: grade 1 or no
E 30
5 P=0.031
260 1
i
T 40 -
>
o
s 20 1
0 T T T L] L T
0 6 12 18 24 30 36
Number at risk Months
irAEs:
grade >2 198 160 124 97 72 43 19

grade lorno 198 144 106 73 52 31 17

FIGURE 2 Kaplan-Meier plots analysis showing progression-free survival (A) and overall survival (B) for 396 patients with grade 22
immune-related adverse events (irAEs) and with grade 1 or no irAEs who survived longer than 3 months after propensity score matching
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the onset of initial irAE.?! By assigning the former period to the irAEs
(<) cohort and the latter period to the irAEs (+) cohort, the survival
time of the irAE (+) cohort was underestimated, allowing for a more

conservative analysis than landmark analysis. While their method of
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minimizing the effect of immortal time bias by time-dependent anal-
ysis is commendable, even with that method, this problem has not
been completely resolved because the modified irAE (-) cohort still

includes many early deaths.
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FIGURE 3 Kaplan-Meier plots analysis showing progression-free survival and overall survival for patients with grade 2 or 23 immune-
related adverse events (irAEs) (A, B), endocrine irAEs (C, D), and skin irAEs (E, F) who survived longer than 3months
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FIGURE 4 Kaplan-Meier plots analysis showing progression-free survival (A) and overall survival (B) for patients with immune-related

adverse events (irAEs) who did and did not discontinue pembrolizumab

Although our landmark analysis did not fully resolve the immor-
tal bias, by excluding patients with survival periods shorter than
3months in the present study, this underling bias was reduced,
thereby strengthening our findings. Three months seemed to be
long enough as the setting of landmark because the median time
of onset of overall irAEs is about 2months, and majority of irAEs
appears within 3months, as previously reported.?>?® The results
were similar when the analysis was limited to patients who survived
more than 6 months. To further emphasize the significance of irAEs
as a predictor of efficacy to pembrolizumab, a sensitivity analysis
was also performed. Because only about 20%-30% of all irAEs occur

after 3months of treatment,??2*

a virtual cohort was created by
randomly selecting 20% of patients from a cohort of patients who
survived at least 3months and had grade 22 irAEs and transferring
them to a grade 1 or no irAE cohort. Despite the attempt narrowing
the survival difference between the two cohorts, the presence of
irAE was still shown to be a predictive factor.

A representative hypothesis explaining the relationship between
ICI efficacy and irAEs is the cross-reactivity of epitopes common
to the tumor and specific organ, and theoretically, hyperactivation
of T cells induced by ICIs might result in better tumor responses
and higher grades of irAEs.?® Reports focusing on the association
between the severity of irAEs and the efficacy of ICls are scarce,
but several studies including patients with UCs indicated that the
development of grade 23 irAEs was an independent positive predic-
tor of therapeutic efficacy, which could support the hypothesis.¢?
Conversely, Zhou et al. conducted a meta-analysis of 30 studies
mainly including patients with NSCLC or melanoma and identi-
fied favorable outcomes in patients with low-grade irAEs.?” Kawai
et al. evaluated 176 patients with UCs using time-dependent anal-
ysis, and the incidence of grade 1-2 irAEs was associated with good
prognosis.21
In the present study, we were able to identify low-grade irAEs as

a positive predictor of the efficacy of pembrolizumab in patients with

UC, using different analysis methods and a larger cohort of patients.
A prior study mentioned that patients with severe irAEs tended to
require stronger immunosuppressants or modification of the treat-
ment schedule to manage these events, and irAEs themselves can
be fatal, which could have influenced the outcome.® In the present
study, no irAE-related deaths occurred, and patients with severe
irAEs were more likely to discontinue pembrolizumab because of
these events than patients with low-grade irAEs. However, discon-
tinuation of pembrolizumab because of irAEs was instead associated
with better prognosis despite the short duration of treatment, and
this trend was observed irrespective of the severity of irAEs. Our
findings indicated that ICI efficacy might be affected more by the
onset of irAEs than the duration of treatment, and therefore, mod-
ification of the treatment schedule might have less influence than
expected. Although whether immunosuppressants reduce the ther-
apeutic efficacy of ICls is unclear,®'® the use of these treatments
is one possible hypothesis to explain the inferiority of outcomes in
patients with severe irAEs than in those with milder irAEs; however,
we could not fully evaluate this in this study, representing a study
limitation.

The relationship between the sites of irAEs and efficacy of ICls
was also previously reported in various types of cancer. In a meta-
analysis evaluating different categories of irAEs, endocrine and skin
irAEs were linked to significantly longer PFS, whereas gastroin-
testinal, pulmonary, and hepatic irAEs had no effect on survival.?’
Recently, the development of cutaneous irAEs and their subtypes
were suggested to be protective against mortality in patients treated
with PD-1 or PD-L1 therapy.?® In patients with UC, endocrine irAEs
were associated with higher ORR and longer PFS.1® Although why
specific irAEs positively affect therapeutic efficacy remained un-
known, the prior report mentioned that the manageability of events
differs among the types of irAEs.*! Our results suggested the endo-
crine and skin irAEs are positive prognostic factors for the outcomes

of pembrolizumab in patients with UC. The proportion of severe
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irAEs was lower for endocrine and skin irAEs, supporting the idea
that less severe irAEs contribute to better prognosis. Although some
studies suggested that the number of irAEs (single or multiple) was

11.26 \we detected no

associated with the therapeutic efficacy of ICls,
difference in the present study.

This study had multiple limitations. First, selection bias attrib-
utable to the retrospective setting could exist, and comparisons
between patients with and without irAEs are inevitably associated
with the immortal time bias, as we previously mentioned. The time
to irAE onset represents useful data, but we could not collect this
information in this study. Second, we did not include grade 1 irAEs
as low grade irAEs in our analysis, although it does not fit the general
definition. However, regarding AEs as truly immune related or not
is often challenging especially in lower grades, and it was difficult
to collect all grade 1 irAEs retrospectively and accurately separate
them from no irAEs, which may lead to bias. In addition, regarding
grade 1 and grade 2 irAEs as same group may also lead to overesti-
mation of the prognosis of grade 2 irAEs, because management of
irAEs is usually different between two groups. To reduce these bi-
ases for analyzing clinically significant irAEs, patients were divided
into three groups (grade <1, 2, and 23) in this study. Third, this study
lacked a central review of imaging and pathology, as well as toxic-
ity, and prognostic oncological biomarkers such as PD-L1 were not
assessed. Fourth, the management of irAEs, including the usage of
immunosuppressants or corticosteroids and the decision to discon-
tinue ICls, was not standardized in our study. We could not evaluate
the impact of immunosuppressants on ICI efficacy owing to hetero-
geneity. Additionally, promptly treated irAEs might be considered
lower-grade events, and vice versa. Nevertheless, this is the largest
real-world analysis to investigate the association between irAEs and
the efficacy of pembrolizumab in advanced UC.

In conclusion, the occurrence of irAEs, particularly low-grade
irAEs, was a positive predictor of therapeutic efficacy in patients
with platinum-pretreated advanced UC receiving pembrolizumab.
The discontinuation of pembrolizumab because of irAEs, which fre-
quently occurred in patients with severe irAEs, was associated with
favorable objective responses. The severity of endocrine and skin
irAEs was low, and these events were numerically related with good

clinical outcomes.
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