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Background: To evaluate the association between immune-related adverse events (irAEs) and the clinical outcomes and also between
irAEs and the post-treatment changes in the relative eosinophil count (REC) in advanced urothelial carcinoma (UC) patients treated
with pembrolizumab.
Materials and Methods: This retrospective study analyzed 105 advanced UC patients treated with pembrolizumab after disease
progression on platinum-based chemotherapy between January 2018 and June 2021. The association between the occurrence of irAEs
and the efficacy of pembrolizumab was investigated. The change in the REC from before the initiation of pembrolizumab therapy, to
three weeks after treatment and the incidence of irAEs were determined.
Results: Overall irAEs were associated with a significantly higher objective response rate (ORR) (58.8% vs 25.4%, P<0.001),
a longer progression-free survival (PFS) (25.1 months vs 3.1 months, P< 0.001) and overall survival (OS) (31.2 months vs 11.5
months, P< 0.001) compared to patients without irAEs; however, grade ≥3 irAEs were not associated with the ORR (36.4% vs 36.2%,
P=0.989), PFS (9.5 vs 5.5 months, P=0.249), or OS (not reached vs 13.7 months, P=0.335). Compared to a decreased REC at 3 weeks
after pembrolizumab, an increased relative REC at 3 weeks was not associated with the incidence of any-grade irAEs (32.3% vs
32.5%, P=0.984) or of grade ≥3 irAEs (10.8% vs 10.0%, P=0.900). Multivariate analyses revealed a female sex (P=0.005), Eastern
Cooperative Oncology Group Performance Status ≥1 (P=0.024), albumin <3.7 g/dl (P<0.001), decreased REC (3 weeks later)
(P<0.001), and the absence of irAEs of any grade (P=0.002) to be independently associated with a worse OS.
Conclusion: Patients with irAEs showed a significantly better survival compared to patients without irAEs in advanced UC treated
with pembrolizumab. An increased posttreatment REC may be a marker predicting improved clinical outcomes and it had no
significant relationship with the incidence of irAEs.
Keywords: urothelial carcinoma, pembrolizumab, immune-related adverse events, relative eosinophil count

Introduction
The advent of immune checkpoint inhibitor (ICI) therapy has markedly changed the treatment of many types of tumors, with
a subset of patients with advanced cancer, including advanced urothelial carcinoma (UC), showing improved survival.1–6 The
Phase III KEYNOTE-045 study demonstrated that, in comparison to chemotherapy, pembrolizumab (a humanized monoclonal
antibody that targets programmed death receptor-1 [PD-1]), significantly improved overall survival in patients who had received
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first-line platinum-based chemotherapy for advanced UC.5 The assessment of health-related quality-of-life (HRQoL) in the
KEYNOTE-045 trial demonstrated that pembrolizumab increased the time to the deterioration of the HRQoL, in addition to
improving or stabilizing the patient’s global health status/quality of life in comparison to chemotherapy.7 While the tolerability
profile of pembrolizumab was superior to that of conventional chemotherapy, ICIs have the potential to cause various toxicities
and adverse effects, termed immune-related adverse events (irAEs), when normal organs are attacked as a result of immune
system activation.8

Recently, several studies have reported a possible association between the incidence of irAEs and the clinical efficacy of
ICIs in patients with melanoma and non-small-cell lung cancer.8–10 Also in UC, a relationship between irAEs and the
outcomes of ICIs has been reported; however, few of these studies have investigated UC and the relationship remains
unclear.11,12 Furthermore, a number of clinical biomarkers of the response to ICIs have been reported for advanced UC,13–16

and we previously reported that an increased relative eosinophil count (REC) after three weeks of pembrolizumab treatment
may be associated with improved clinical outcomes.17 However, it is still unclear whether an increased REC would cause
increased numbers of irAEs or specific irAEs.

In the present study, we retrospectively investigated the association between irAEs and oncological outcomes, and
whether an increased REC is associated with increased irAEs or any specific irAEs in advanced UC patients treated with
pembrolizumab.

Materials and Methods
Patients
The records of advanced UC patients who received pembrolizumab treatment after disease progression on platinum-based
chemotherapy from January 2018 to June 2021 were analyzed. The patients were managed at 6 institutions. Pembrolizumab
was administered intravenously at a fixed dose of 200 mg every 3 weeks, until the occurrence of disease progression or
adverse events that were deemed unacceptable. Computed tomography was generally performed before treatment and after
every 4–6 treatment cycles, or when it was deemed to be clinically necessary. We evaluated the tumor response according to
Response Evaluation Criteria in Solid Tumors, version 1.1.18 As reported previously,19,20 the peripheral REC was measured
at the same time as complete blood count measurements: before treatment and at three weeks after the start of
pembrolizumab treatment. The patients’ clinical information and follow-up data were obtained from their medical records.
The grades of irAEs were assessed according to the Common Terminology Criteria for Adverse Events version 5.0.21 irAEs
were categorized as skin, endocrine, gastrointestinal, respiratory, hepatobiliary and other disorders. Written informed
consent was obtained from each patient before their inclusion in this study. The present retrospective study was approved
by the National Hospital Organization Kyushu Cancer Center Institutional Review Board (approval no. 2020–90) and the
ethics committee of each institution.

Statistical Analyses
An increased REC was defined as an increased REC at 3 weeks after the initial pembrolizumab treatment in comparison
to the pretreatment REC. A decreased REC was defined as a decreased or unchanged REC at 3 weeks after initial
pembrolizumab treatment in comparison to the pretreatment REC. The objective response rate (ORR) was defined as the
percentage of pembrolizumab-treated patients who showed a partial response (PR) or complete response (CR). Fisher’s
exact test was used to analyze the association between the ORR and the incidence of overall and individual irAEs, and to
analyze the differences in overall and individual irAEs between the increased REC and decreased REC groups.
Progression-free survival (PFS) was defined as the time from the start of pembrolizumab treatment until the date of
disease progression or death. Overall survival (OS) was defined as the time from the start of pembrolizumab until death
from any cause. PFS and OS curves were determined by the Kaplan–Meier method and compared by a Log rank test.
A Cox proportional hazards regression model was used to determine hazard ratios (HRs) and 95% confidence intervals
(CIs). P values of <0.05 were considered to indicate statistical significance. All statistical analyses were performed using
JMP® Pro (version 15.1.0, SAS Institute, Inc., Cary, NC, USA).
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Results
Patient Characteristics
During the study period, 125 patients with advanced UC received pembrolizumab after disease progression on platinum-
based chemotherapy. The patients were managed at 6 institutions. After the exclusion of 20 patients due to missing
clinical data, 105 patients were included in the analysis (Table 1). The median age of the patients was 72 years
(interquartile range [IQR], 67–77 years), and 75 (71.4%) patients were men. The Eastern Cooperative Oncology
Group Performance Status (ECOG PS) was 0 in 64 patients (61.0%) and ≥1 in 41 patients (39.0%). A histological
analysis demonstrated pure transitional cell features in 85 (81.0%) patients. The locations of the tumor included the
bladder in 42 patients (40.0%), the upper urinary tract in 41 patients (39.0%), and both bladder and upper urinary tract in
22 patients (21.0%). Visceral metastasis was present in 61 patients (58.1%), and liver metastasis was present in 19
patients (18.1%). Pembrolizumab was administered as a second-line treatment to 84 patients (80.0%). The evaluation of

Table 1 Patient Characteristics

Characteristics (n=105)

Age (years), median (IQR) 72 (67–77)

Male sex, n (%) 75 (71.4)

ECOG PS score, n (%)

0 64 (61.0)

1 31 (29.5)

≥2 10 (9.5)

Primary tumor site, n (%)

Bladder 42 (40.0)

Upper urinary tract 41 (39.0)

Upper urinary tract + bladder 22 (21.0)

Pure UC in histological analysis, n (%) 85 (81.0)

Albumin (g/dl), median (IQR) 3.8 (3.5–4.2)

Visceral metastasis 61 (58.1)

Liver metastasis 19 (18.1)

Treatment line of pembrolizumab

2nd 84 (80.0)

≥3rd 21 (20.0)

Increased posttreatment REC (3 weeks later) 65 (61.9)

irAEs

Any grade 34 (32.4)

Grade ≥3 11 (10.5)

ORR(CR+PR) 38 (36.2)

Abbreviations: IQR, interquartile range; ECOG PS, Eastern Cooperative Oncology
Group Performance Status; UC, urothelial carcinoma; REC, relative eosinophil count;
irAEs, immune-related adverse events; ORR, objective response rate; CR, complete
response; PR, partial response.
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the change in REC at 3 weeks after the initiation of pembrolizumab revealed an increased REC in 65 (61.9%) patients.
irAEs of any grade occurred in 34 patients (32.4%), with grade ≥3 irAEs occurring in 11 patients (10.5%). The ORR was
36.2% (n=38).

Profiles of irAEs in Patients Treated with Pembrolizumab
The profile of the irAEs is shown in Table 2. Overall irAEs occurred in 34 (32.4%) patients; 11 (10.5%) patients
experienced severed irAEs (grade ≥3). Skin-related (n=15) and endocrine system-related (n=11) irAEs were the most
common types of any-grade irAEs. Grade ≥3 irAEs included gastrointestinal disorder (n=3), respiratory disorder (n=3),
endocrine disorder (n=2), skin disorder (n=1), myositis (n=1), and myocarditis (n=1).

Association Between the ORR and irAEs and Between the ORR and the Change of
the REC in Patients Treated with Pembrolizumab
The ORR was 36.2%, with CR and PR rates of 4.8% and 31.4%, respectively. The ORR of patients with any-grade irAEs
was significantly higher than that of patients without irAEs (58.8% vs 25.4%, P=0.001). However, the ORR of patients
with and without grade ≥3 irAEs did not (36.4% vs 36.2%, P=1.000). The ORR was significantly higher in patients with
an increased post-treatment REC in comparison to patients with a decreased post-treatment REC (44.6% vs 22.5%,
P=0.024) (Table 3).

Association Between irAEs and Post-Treatment (Three Weeks Later) REC Changes in
Patients Treated with Pembrolizumab
There was no significant difference in the incidence rate of irAEs of any grade between patients with an increased
post-treatment REC and those with a decreased post-treatment REC (32.3% vs 32.5%, P=1.000). Regarding the
individual irAEs in patients with an increased post-treatment REC and those with a decreased post-treatment REC,
there were no significant differences in the rates of skin (18.5% vs 7.5%, P=0.156), endocrine (7.7% vs 15.0%,
P=0.326), gastrointestinal (4.6% vs 10.0%, P=0.423), respiratory (4.6% vs 2.5%, P=1.000), or hepatobiliary (0% vs
5.0%, P=0.143) irAEs. There was no significant difference in the incidence rate of grade ≥3 irAEs between patients
with an increased post-treatment REC and those with a decreased post-treatment REC (10.8% vs 10.0%, P=1.000)
(Table 4).

Table 2 Types of Immune-Related Adverse Events (Any-Grade and Grade≥3)

Type of irAEs Any-Grade, n (%) Grade ≥ 3, n (%)

Overall irAEs 34 (32.4) 11 (10.5)

Skin 15 (14.3) 1 (0.9)

Endocrine 11 (10.5) 2 (1.9)

Gastrointestinal 7 (6.7) 3 (2.9)

Respiratory 4 (3.8) 3 (2.9)

Hepatobiallary 2 (1.9) 0

Other disorder 2 (1.9) 2 (1.9)

Myositis 0 1 (1.0)

Myocarditis 0 1 (1.0)

Peripheral neuropathy 1 (1.0) 0

Infusion-related reactions 1 (1.0) 0

Abbreviation: irAEs, immune-related adverse events.
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Association Between irAEs and Survival in Patients Treated with Pembrolizumab
During a median follow-up period of 8.4 months (IQR, 4.1−15.7 months), the median PFS and OS were 3.3 months
(IQR, 2.8–5.5) and 13.7 months (IQR, 10.2–19.8), respectively. PFS was significantly associated with the occurrence of
any-grade irAEs (25.1 months vs 3.1 months, P<0.001, Figure 1A), but not with the occurrence of grade ≥3 irAEs (9.5 vs
5.5 months, P=0.249, Figure 1B). Similarly, OS was significantly associated with the occurrence of any-grade irAEs
(31.2 months vs 11.5 months, P<0.001, Figure 2A), but not with the occurrence of grade ≥3 irAEs (not reached vs 13.7
months, P=0335, Figure 2B).

Univariate and Multivariate Analyses of OS in Pembrolizumab-Treated Patients
Univariate and multivariate analyses were performed to identify prognostic factors (Table 5). In the multivariate analyses,
female sex (hazard ratio [HR] 2.274, 95% confidence interval [CI]: 1.278–4.048, P=0.005), ECOG PS ≥1 (HR 1.975,
95% CI: 1.095–3.561, P=0.024), albumin <3.7 g/dl (HR 3.377, 95% CI: 1.816–6.281, P<0.001), decreased post-treatment

Table 4 Association Between the Incidence of Immune-Related Adverse Events and the Change in the Post-Treatment
Relative Eosinophil Count

Increased REC (n=65) Decreased REC (n=40) p value

Any-grade irAEs, n (%) 21 (32.3) 13 (32.5) 1.000

Skin 12 (18.5) 3 (7.5) 0.156

Endocrine 5 (7.7) 6 (15.0) 0.326

Gastrointestinal 3 (4.6) 4 (10.0) 0.423

Respiratory 3 (4.6) 1 (2.5) 1.000

Hepatobiallary 0 2 (5.0) 0.143

Grade 3 irAEs, n(%) 7 (10.8) 4 (10.0) 1.000

Abbreviations: irAEs, immune-related adverse events; REC, relative eosinophil count.

Table 3 Association Between Immune-Related Adverse Events and the Objective Response Rate and
Between Immune-Related Adverse Events and the Increased Post-Treatment Relative Eosinophil Count

ORR, % No. of Patients (Responders/Total) p value

All patients 36.2 38/105

Any-grade irAEs 0.001

Yes 58.8 20/34

No 25.4 18/71

Grade ≥3 irAEs 1.000

Yes 36.4 4/11

No 36.2 34/94

Increased posttreatment REC (3 weeks later) 0.024

Yes 44.6 29/65

No 22.5 9/40

Abbreviations: ORR, objective response rate; irAEs, immune-related adverse events.
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REC (at 3 weeks after the initiation of treatment) (HR 3.073, 95% CI: 1.775–5.318, P<0.001), and the absence of any-
grade irAEs (HR 2.885, 95% CI: 1.465–5.683, P=0.002) were independently associated with decreased OS.

Discussion
In the present study, the relationship between irAEs and the clinical outcomes, and the relationship between the
occurrence of irAEs and the change in the REC were retrospectively evaluated in advanced UC patients who received
pembrolizumab after disease progression during treatment with platinum-based chemotherapy. The present study
revealed that irAEs of any grade were associated with a significantly higher ORR, longer PFS, and longer OS in
comparison to patients without irAEs. Moreover, an increased REC at 3 weeks after the initiation of pembrolizumab
therapy did not result in the numbers of irAEs or in the occurrence of specific irAEs. Our results revealed a strong
association between the incidence of irAEs and the clinical efficacy of pembrolizumab. Furthermore, an increased REC
after the initiation of treatment could be a predictive marker for improved clinical outcomes and did not have a significant
relationship with an increase in the number of irAEs or in the occurrence of specific irAEs in advanced UC patients who
received pembrolizumab subsequent to platinum-based chemotherapy.

Although ICI therapy is associated with significantly improved outcomes in patients with various malignancies,
including advanced UC, they have the potential to induce irAEs, which may limit their application. The exact

Figure 2 Overall survival according to the occurrence of any-grade (A) and grade≥3 (B) immune-related adverse events.

Figure 1 Progression-free survival according to the occurrence of any-grade (A) and grade≥3 (B) immune-related adverse events.
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mechanisms that underlie the development of irAEs remain to be fully uncovered; however, in an association between the
development of irAEs and improved outcomes has been reported in patients who receive ICI therapy for various types of
cancer, including melanoma and non-small cell lung cancer.22–25 irAEs have been reported to be associated with
improved clinical efficacy in UC who receive ICI therapy; however, few studies have investigated this
phenomenon.11,12,14 In the present study, the multivariate analysis demonstrated that the absence of any-grade irAEs
was independently associated with worse OS (HR 2.885, P=0.002). Thus, in line with previous studies that investigated
the use of ICIs in various types of cancer, the results of the present study support an association between the occurrence
of irAEs and the clinical efficacy of ICI therapy in UC patients.

Although the present study confirmed an association between any-grade irAEs and the clinical efficacy of pembro-
lizumab, this association was not confirmed for grade ≥3 irAEs. In patients who received nivolumab monotherapy for
metastatic renal cell carcinoma, the PFS of patients with irAEs was reported to be longer in comparison to patients
without irAEs regardless of the severity of their irAEs (grade ≥3 vs no irAEs; P=0.0023; grade <3 vs no irAEs:
P=0.0024). Furthermore, the incidence of grade <3 irAEs rather than grade ≥3 was associated with longer OS (grade <3
vs no irAEs: P=0.0124; grade ≥3 vs no irAEs: P=0.136).26 On the other hand, in patients receiving combination therapy
with nivolumab plus ipilimumab for metastatic renal cell carcinoma, it was reported that PFS of patients with grade ≥3
irAEs was significantly longer in comparison to patients with grade <3 irAEs (p=0.0388) or patients without irAEs

Table 5 Univariate and Multivariate Analyses of Factors Associated with Overall Survival in Pembrolizumab-Treated Patients

Univariate Multivariate

Variable HR (95% CI) p value HR (95% CI) p value

Age <75 years 1

≥75 years 1.268 (0.732–2.196) 0.397

Sex Male 1 1

Female 2.141 (1.244–3.687) 0.006 2.274 (1.278–4.048) 0.005

ECOG PS 0 1 1

≥1 2.836 (1.663–4.837) <0.001 1.975 (1.095–3.561) 0.024

Primary tumor site Bladder 1

Upper urinary tract 1.327 (0.728–2.419) 0.356

Bladder + upper urinary tract 1.116 (0.544–2.287) 0.765

Histology Pure UC 1

Mixed UC 0.750 (0.367–1.534) 0.431

Albumin ≥3.7 g/dl 1 1

<3.7 g/dl 3.408 (1.959–5.929) <0.001 3.377 (1.816–6.281) <0.001

Visceral metastasis Absent 1

Present 1.099 (0.642–1.884) 0.729

Posttreatment REC (3 weeeks later) Increased 1 1

Decreased 2.797 (1.643–4.763) <0.001 3.073 (1.775–5.318) <0.001

Any-grade irAEs Present 1 1

Absent 2.911 (1.528–5.548) 0.001 2.885 (1.465–5.683) 0.002

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group Performance Status; UC, urothelial carcinoma; REC, relative eosinophil count; irAEs, immune-related
adverse events.
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(P<0.0001); however, the same association was not observed for OS.27 In patients receiving pembrolizumab mono-
therapy for stage III melanoma, it was reported that the occurrence of an irAE was associated with longer recurrence-free
survival in the pembrolizumab arm (P=0.03), but the occurrence of a severe (grade 3–4) irAE among patients treated with
pembrolizumab therapy was not significantly associated with prolonged RFS (P=0.43).28 This difference seen with regard
to the grades of irAEs and the efficacy of ICI therapy may be attributable to the different ICI regimens that the patients
received; that is, the presence of irAEs themselves—not necessarily severe irAEs—may be a clinical biomarker that
predicts favorable outcomes in patients with advanced UC who receive pembrolizumab.

Complete blood analyses are routinely performed for patients undergoing immunotherapy and the eosinophil count
can be easily measured in clinical practice. Eosinophils are a subset of granulocytic leukocytes with important roles in
parasitic and allergic disease.29 Recently, eosinophils have been highlighted as potential cellular biomarkers and even
end-stage effector cells in cancer therapy.30–33 Eosinophilia has also been reported to be closely associated with clinical
efficacy in patients undergoing ICI therapy for melanoma,34 lung cancer,35 renal cell carcinoma,36 and classical Hodgkin
lymphoma.37 Furthermore, we recently reported that an increased REC after pembrolizumab treatment was associated
with superior OS in comparison to a decreased REC in advanced UC patients who received pembrolizumab therapy.17

While eosinophilia has been reported as a prognostic and predictive marker of cancer outcomes, it is also reported
closely associated with irAEs. Among patients with non–small cell lung cancer who received treatment with ICIs (all
patients were treated with PD-1 inhibitors either as monotherapy (44.7%) or in combination with chemotherapy or anti-
angiogenesis therapy), a baseline feature of high absolute eosinophil count (≥0.125 × 109 cells/L) was associated with an
increasing risk of ICI-pneumonitis, but also with a better clinical outcome.38 Another study reported that irAEs are more
common in patients with peripheral eosinophilia, and that eosinophilia is significantly associated with cutaneous irAEs,
advanced melanoma patients treated with PD-1 inhibitors who developed any type of cutaneous irAE showing better
overall survival.39 In another study in which the majority of patients had melanoma or non-small lung cancer with ICIs
(the majority received PD-1 inhibitors, but the study population also included patients treated with a cytotoxic
T lymphocyte–associated protein 4 [CTLA-4] inhibitor, the combination of CTLA4 and PD-1 inhibitors, and PD-L1
inhibitors), eosinophilia (≥0.5 × 109 cells/L) during treatment was found to be significantly associated with the incidence
of any-grade toxicity. Severe toxicity was not associated with eosinophilia. Disease control was more likely to be
achieved in patients who developed eosinophilia.40

In the present study, we also retrospectively analyzed the association between the incidence of irAEs and the change in
REC after treatment with a PD-1 inhibitor (pembrolizumab) and observed that an increased post-treatment REC at 3 weeks
was not associated with an increased number of irAEs or specific irAEs including respiratory disorder and skin-related irAEs.
Differences in various factors, including the type of cancer, type of ICI, timing of measurement of the REC, and ethnicity,
may have led to differences in the clinical outcomes of the present study and previous studies. Given that our previous report
suggested that an increased post-treatment REC (3 weeks later) was an independent prognostic factor for better OS, an
increased REC after treatment could be an early predictor of improved clinical outcomes but is not associated with an
increased number of irAEs or specific irAEs in patients with advanced UC who receive pembrolizumab.

The present study was associated with some limitations. First, this retrospective study had a relatively small study
population; thus, there may have been a selection bias. Second, this was a multi-institutional study, and the patients were
not enrolled in clinical trials; thus, there was heterogeneity in the regimens and lines of systemic chemotherapy that the
patients had received, and in the evaluation and management of irAEs. Prospective studies with larger cohorts and a long
follow-up period are necessary to confirm the findings of the present study.

Conclusion
In patients with advanced UC who received pembrolizumab after platinum-based chemotherapy, the incidence of irAEs
was associated with a significantly higher ORR, longer PFS, and longer OS in comparison to patients without irAEs. An
increased posttreatment REC could also be a marker to predict improved clinical outcomes and did not have a significant
relationship with the incidence of irAEs.
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Abbreviations
ICIs, immune checkpoint inhibitors; UC, urothelial carcinoma; PD-1, programmed death receptor-1; irAEs, immune-
related adverse events; REC, relative eosinophil counts; ORR, objective response rate; PFS, progression-free survival;
OS, overall survival; IQR, interquartile range; ECOG PS, Eastern Cooperative Oncology Group Performance Status;
CTLA-4, cytotoxic T lymphocyte–associated protein 4.
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