
Abstract. Background/Aim: Immune-related adverse events
(irAEs) develop in a subset of patients with metastatic renal cell
carcinoma (mRCC) treated with immune-checkpoint-inhibitors
(ICIs). Evidence regarding the prognostic impact of irAEs
remains limited in these patients. Patients and Methods: Ninety-
one consecutive patients with mRCC treated with ICIs were
retrospectively analyzed. Overall survival (OS) rates were
estimated using the Kaplan–Meier method. In multivariate
analysis, predictors of OS were analyzed using the Cox-
proportional-hazards-model. Results: Twenty-nine patients were
treated with the combination of nivolumab plus ipilimumab.
According to International Metastatic RCC Database
Consortium risk classification, 27/47/17 patients were classified
into favorable/intermediate/poor risk categories. The 1, 3, and
5-year OS-rates were 89, 70, and 57%, respectively. A total of
67 irAEs occurred in 44 patients (48%), including 15 patients

with grade 3-4. OS was significantly longer in patients with
irAEs (p=0.01). In multivariate analysis, Karnofsky
performance status, prior nephrectomy, and irAEs were
independent significant predictors of OS. Conclusion: In our
study, irAEs were significantly associated with OS in mRCC
patients treated with ICIs. 

The treatment scenario for metastatic renal cell carcinoma
(mRCC) has undergone a complete change over the last few
years. The current strategy of systemic therapy for mRCC is
rapidly changing due to the increased usage of novel immune
checkpoint inhibitors (ICIs) (1, 2). Nivolumab is a novel
targeted agent that has been available in clinical practice for
the treatment of mRCC (3). The CheckMate 025 study has
demonstrated its promising anti-tumor efficacy and safety
profile (3). We have previously reported on the
characteristics, efficacies, and safety profile of nivolumab in
Japanese patients with mRCC (4-7). Combination therapy
with nivolumab and ipilimumab has become the standard
first-line treatment for intermediate or poor risk patients with
previously untreated mRCC (8, 9). 

Despite their clinical efficacy, ICIs can cause a variety of
immune-related adverse events (irAEs), limiting their use in
some patients. The exact pathophysiology of irAE is still
unknown, but various hypotheses have been formulated.
Potential mechanisms include increased T-cell activity
against antigens present in both the tumor and healthy tissue
and increased levels of preexisting autoantibodies (10). In
recent years, there has been increasing evidence that
intestinal bacteria are involved in the function of intestinal
CD4+ and CD8+ T cells with anti-tumor immune activity,
which may affect the efficacy of ICI (11). Most irAEs tend
to be self-limiting; however, in some severe cases (grade ≥3)
potentially life-threating events occur (12).
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Although the relationship between irAEs and clinical
benefit has not yet been clarified, we and others reported a
potential association between irAEs and clinical benefit in
some cancer types (13-16). In addition, previous
retrospective studies have demonstrated a relationship
between irAEs and response rates and survival in patients
with mRCC (17-19). Hence, there is a need to identify
predictive biomarkers of both efficacy and toxicity
associated with the use of ICIs to guide treatment decisions.

The present study investigated the prognostic impact of
irAEs in patients with mRCC treated with ICIs, including
nivolumab monotherapy and the combination of nivolumab
plus ipilimumab. The incidence, grade, and patterns during
ICI treatments in mRCC patients in real-world clinical
practice in Japan were also assessed.

Patients and Methods 
Patient selection. We retrospectively evaluated 91 consecutive
patients with mRCC who received ICIs between 2013 and 2022 at
our institution. The internal ethics review board of the Cancer
Institute Hospital (ID:2012-1008) approved this retrospective study. 

Protocol for nivolumab monotherapy and combinations of
nivolumab plus ipilimumab. In nivolumab monotherapy, nivolumab
(240 mg/body) was intravenously administered every 2 weeks. All
patients receiving nivolumab monotherapy had previously had one
or more tyrosine kinase inhibitor therapies that failed. In
combination therapy, nivolumab and ipilimumab were administered
intravenously on the same day during the induction phase and were

given four times. In the subsequent maintenance phase, nivolumab
alone was administered every 2 weeks. In both treatments, the
schedule modification of nivolumab from 240 mg/body/2 weeks to
480 mg/body/4 weeks was allowed and postponement of dosing was
also allowed depending on the patient conditions or irAEs.

Disease was assessed using computed tomography or magnetic
resonance imaging of the chest, abdomen, and pelvis, which were
regularly caried out at 4- to 12-week intervals depending on the
patient condition.

Outcome assessment. For the assessment of oncological outcomes
during ICI treatments, overall survival (OS), progression-free
survival (PFS), objective response rates (ORRs), and disease control
rates (DCRs) were evaluated. OS was calculated from the initiation
of ICI treatments to death from any cause. PFS was calculated from
the initiation of ICI treatments until disease progression or death
from any cause. Patients lost to follow-up were censored at the time
of last contact. The treatment efficacy was evaluated according to
the Response Evaluation Criteria in Solid Tumors (RECIST) version
1.1 (20). ORR was defined as the sum of complete response (CR)
and partial response (PR) rates, and DCR was defined as the sum
of CR, PR, and stable disease (SD) rates.

Prognostic variables. The prognostic variables were age, sex, prior
nephrectomy, histology, method of ICI administration, time of
diagnosis to systemic therapy, Karnofsky Performance Status (KPS),
hemoglobin, corrected calcium, neutrophils, platelets, lung
metastasis, liver metastasis, neutrophil lymphocyte rate (NLR), and
irAEs. Corrected calcium was considered normal up to 10 mg/dl
using the following formula: corrected calcium = total calcium + (4
- albumin). The cut-off points of time of diagnosis to systemic
therapy, KPS, hemoglobin, corrected calcium, neutrophils, and
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Table I. Baseline characteristics of patients treated with immune checkpoint inhibitors.

                                                                                                      All (n=91)                With irAEs (n=44)             Without irAEs (n=47)             p-Value

Age (years), median (IQR)                                                          67 (57-73)                       68 (58-74)                             67 (56-73)                         0.78
Sex: Male, n (%)                                                                           65 (71%)                         32 (73%)                               33 (70%)                          0.79
Prior nephrectomy                                                                         58 (64%)                         32 (73%)                               26 (55%)                          0.08
Histology: clear cell RCC                                                             75 (82%)                         34 (77%)                               41 (87%)                          0.21
Sarcomatoid features                                                                       2 (2%)                             0 (0%)                                   2 (5%)                            0.14
Combination of nivolumab plus ipilimumab                               29 (32%)                         18 (41%)                               11 (23%)                           0.07
IMDC risk                                                                                                                                                                                                                      0.19
   Favorable                                                                                    27 (30%)                         13 (30%)                               14 (30%)                              
   Intermediate                                                                                47 (52%)                         26 (59%)                               21 (45%)                              
   Poor                                                                                             17 (19%)                          5 (11%)                                12 (26%)                              
<1 year from time of diagnosis to systemic therapy                   50 (55%)                         24 (55%)                               26 (55%)                          0.94
Karnofsky Performance Status <80%                                          14 (15%)                           4 (9%)                                 10 (21%)                          0.03
Hemoglobin < lower limit of normal                                           32 (35%)                         13 (30%)                               19 (40%)                          0.28
Corrected calcium > upper limit of normal                                 10 (11%)                          5 (11%)                                 5 (11%)                            0.91
Neutrophils > upper limit of normal                                              3 (3%)                             2 (5%)                                   1 (2%)                            0.52
Platelets > upper limit of normal                                                  10 (11%)                           3 (7%)                                  7 (15%)                           0.22
Tumor size (cm), median (IQR)                                                7.5 (5.0-9.9)                    7.3 (4.6-9.1)                         8.0 (5.1-10.1)                       0.57
Lung metastasis: present                                                               61 (67%)                         31 (70%)                               30 (64%)                          0.50
Liver metastasis: present                                                                 6 (7%)                             1 (2%)                                  5 (11%)                            0.11
NLR, median (IQR)                                                                    2.5 (1.8-3.6)                    2.8 (1.8-3.7)                         2.4 (1.7-.3.5)                       0.54

IMDC: International Metastatic Renal Cell Carcinoma Database Consortium; IQR: Interquartile Range; irAEs: immune-related adverse events; NLR:
neutrophil-lymphocyte ratio; RCC: renal cell carcinoma. Statistically significant p-values are shown in bold.



platelets were determined in accordance with the International
Metastatic RCC Database Consortium (IMDC) risk classification
(3), and those of age and NLR were set with the highest value of
‘sensitivity - (1-specificity)’ in the receiver operating characteristics
analysis using overall death as the endpoint. 

irAEs of ICI treatments. The irAEs evaluated in this study included
cutaneous, gastrointestinal, endocrine, pulmonary, hepatobiliary, and
others. The grades were determined according to the Common
Terminology Criteria for Adverse Events version 5.0 (21).

Statistics. Continuous variables are expressed as the median and
interquartile range (IQR) and were compared using Wilcoxon tests
depending on the number of groups in comparison and data
distribution. Categorical variables were compared using the Chi-
squared test or Fisher’s exact test. Kaplan–Meier analysis was used
to assess OS and PFS with comparisons made by the log-rank test.
Univariate and multivariate analyses were used to identify risk
factors for OS. The risk was expressed as hazard ratios (HRs) and
95% confidence intervals (CIs). All statistical analyses were
conducted using JMP-version 13 (SAS Institute, Cary, NC, USA).
Differences were considered significant at p<0.05.

Results 

Patient characteristics. During ICI treatments, 44 patients
(48%) experienced irAEs of any grade (Table I). Sixty-two
and 29 patients were treated with nivolumab monotherapy
and the combination of nivolumab plus ipilimumab,
respectively. The median age was 67 years. Fifty-eight

patients (64%) had prior nephrectomies. The dominant
histotype was clear cell RCC in 75 patients (82%) with 2
sarcomatoid features.

The development of irAEs was significantly associated
with KPS (p=0.03). Other baseline characteristics did not
significantly affect irAE emergences, although patients
treated with the combination of nivolumab plus ipilimumab
tended to have more irAEs (p=0.07).

According to the IMDC risk classification, 27, 47, and 17
patients were classified into favorable, intermediate, and poor
risk categories, respectively. The 29 patients with
combinations of nivolumab plus ipilimumab received first-line
treatment, whereas among 62 patients with nivolumab
monotherapy, 45, 14, and 3 patients received second-, third-,
and fourth-line treatments, respectively, after tyrosine kinase
inhibitor therapies had failed. 

irAE profiles. Overall, 44/91 patients (48%) experienced 67
irAEs of any grade (Table II). The median time from ICI
treatments to irAE onset was 3 months (IQR=2-5 months),
which was significantly shorter in patients with the
combination of nivolumab plus ipilimumab than in patients
with nivolumab monotherapy (2 vs. 4 months; p=0.02).
Steroid administrations were used in 19/44 patients (43%)
for irAEs. Among the 67 irAEs, cutaneous, gastrointestinal,
endocrine, pulmonary, hepatobiliary, and others were 9, 9,
14, 7, 8, and 20, respectively.

A total of 15 grade 3 or higher irAEs occurred in 15
patients (16%), including 12 patients with grade 3 irAEs and
3 patients with grade 4 irAEs. No patients with grade 5
irAEs were identified. Pulmonary manifestations were most
frequently observed (4/15, 27%). Among these 15 patients,
14 patients (93%) received steroid treatments. In addition,
one of the patients was using immunosuppressive drugs.
Patients receiving the combination of nivolumab plus
ipilimumab had significantly more grade ≥3 irAEs than
patients receiving nivolumab monotherapy (38% vs. 7%,
respectively, p<0.01).

Survival according to irAEs. During a median follow-up of
27 months (IQR=11-49 months), 61 patients (67%)
experienced disease progression and 25 patients (27%) died.
The 1-, 3-, and 5-year OS rates were 89, 70, and 57%,
respectively, and median OS was not reached (Figure 1A).
The 1-, 3-, and 5-year PFS rates were 48, 28, and 17%,
respectively, and median PFS was 11 months (Figure 1B). 

After the initiation of ICI treatments, OS was significantly
longer in patients with irAEs than in patients without irAEs
(1/3/5-year OS rates: 97/85/67% vs. 81/57/47%, respectively,
p=0.01). The irAE group had a better prognosis for OS in
both nivolumab monotherapy (p=0.04) and the combination
of nivolumab plus ipilimumab (p=0.01). However, PFS was
not different between patients with and without irAEs (1/3/5-
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Table II. Immune-related adverse events (irAEs) according to category
and grade.

irAEs                                                        Any grade               Grade 3-4
                                                                     n (%)

Cutaneous
   Rash                                                        9 (13%)                    0 (0%)
Gastrointestinal
   Diarrhea                                                  9 (13%)                    2 (3%)
Endocrine
   DM onset                                                 2 (3%)                     2 (3%)
   Thyroid dysfunction                                5 (7%)                     0 (0%)
   Adrenal insufficiency                             7 (10%)                    1 (1%)
Pulmonary
   Interstitial pneumonia                            7 (10%)                    4 (5%)
Hepatobiliary
   Elevated hepatic enzymes                     8 (12%)                    3 (4%)
Other
   Uveitis                                                      4 (6%)                     2 (3%)
   Fatigue                                                    7 (10%)                    0 (0%)
   Peripheral neuropathy                             3 (4%)                     0 (0%)
   Arthritis                                                   2 (3%)                     1 (1%)
   Cystitis                                                     1 (1%)                     0 (0%)
   Carditis                                                    2 (3%)                     0 (0%)
   Hypertension                                           1 (1%)                     0 (0%)

DM: Diabetes mellitus.



year PFS rates: 55/33/14% vs. 38/20/17%, respectively,
p=0.15).

Risk factors for OS. The univariate analysis showed that
prior nephrectomy, time of diagnosis to systemic therapy,
KPS, hemoglobin, liver metastasis, NLR, and irAE were
significant factors affecting OS (Table III). The multivariate
analysis showed that the presence of irAE was an
independent factor (HR=2.46, 95%CI=1.01-5.98, p=0.047),
along with prior nephrectomy (HR=4.56, 95%CI=1.86-11.2,
p<0.01) and KPS (HR=3.07, 95%CI=1.27-7.38, p=0.04).

Tumor responses according to irAEs. The magnitudes of
tumor responses were compared based on the development of
irAEs. The DCRs in patients with irAEs were significantly
higher than those in patients without irAEs (91% vs. 66%,
respectively, p<0.01), although there were no significant
differences in ORRs (52% vs. 34%, p=0.08) (Table IV).

Discussion

This retrospective study showed that OS was significantly
longer in patients with irAEs than in those without irAEs.
Multivariate analysis indicated that the presence of irAEs
was an independent factor of longer OS. Furthermore, higher
DCRs were observed in patients with irAEs. These results
indicated that patients who presented with irAEs were not
only able to overcome irAEs by proper management but
were also able to achieve long-term survival.

The therapeutic strategy depends on the severity grade of
irAEs. Usually, grade 1-2 events only need symptomatic
treatments and do not require specific therapies (22, 23).
However, the management of grade 3 or higher irAEs
requires steroid treatment (23, 24). Our current analysis
showed that 44 patients (48%) experienced irAEs, including
15 patients (16%) with grade 3 or higher. Among these 15
patients, 14 patients received steroid treatment, and none
were fatal due to irAEs. Steroid therapy is a basic treatment
for irAE, but it has been noted that it may impair ICI
treatment due to its recognized immunosuppressive activity
(22), which is currently controversial.

IrAEs most frequently affect cutaneous, gastrointestinal,
endocrine, pulmonary, and hepatobiliary systems. They rarely
affect the nervous system, muscles, joints, heart, or eyes (24,
25). Our results are similar to these reports. Although a
previous report showed that the location of manifested irAEs
had prognostic significance for OS and PFS (17), our current
analysis was unable to confirm these results. Further analysis
in a larger cohort is needed in this area.

Several studies showed the association between prognosis
or tumor response and irAEs to ICI treatments in a variety
of cancers (13, 14, 17, 19). These associations are interesting
dilemmas that oncologists face. Tolerability of ICI without
adverse events may indicate a lack of efficacy. However,
expression of irAEs can serve as a surrogate marker of
response to ICI. Because of this association, it is important
to monitor these side effects, which can be effectively treated
with the appropriate use of steroids. Close follow-up is
essential to ensure that patients who develop irAEs receive
treatment promptly and are able to resume treatment in a
timely manner after discontinuation. Patient education about
symptoms that should be monitored and reported is also
important. Further research is needed to identify patients
who may develop adverse events and to discover predictive
biomarkers that may provide greater benefit from ICI.

In the TKI era, IMDC risk classification is a useful
prognostic classification in the treatment of mRCC, and
treatment strategies are constructed based on this risk
classification (3). KPS is one of the factors in this IMDC risk
classification and was also a significant prognostic factor for
OS in our multivariate analysis. However, the other five
factors in the IMDC risk classification were not significant
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Figure 1. Overall survival (A) and progression-free survival (B) curves
according to immune-related adverse events.



prognostic factors in our current analysis, and further
validation is needed to determine whether the IMDC risk
classification is a useful risk classification for mRCC
patients treated with ICIs. The other significant prognostic
factor for OS in our analysis was prior nephrectomy. Radical
or partial nephrectomy, including cytoreductive nephrectomy
(CN) for selected mRCC, is considered the backbone of
managing kidney cancer patients (26). While the
CARMENA trial provided practice-changing evidence that
patients with intermediate or poor risk disease should not
undergo CN before starting systemic treatment in the TKI
era (27), the significance of performing CN in the era of ICI
treatment is not clear. Further evidence needs to be gathered
regarding the significance of CN in the era of ICI treatment.

This study has several limitations. First, this study was
retrospective in nature and had a small sample size that may
have introduced potential biases and confounding factors.

Second, the combined analysis of nivolumab monotherapy and
the combination of nivolumab plus ipilimumab resulted in
cohorts with different patient backgrounds. However, the irAE
group had a better prognosis for OS in each treatment group,
and the combined analysis of these treatment groups makes it
one of the largest cohorts of real-world analysis in Japan.
Third, due to its retrospective nature and the system of irAE
identification, not all irAEs might have been recognized, and
any unrecorded irAEs could have affected our analyses. Fourth,
the result of a better OS in the group of patients with irAEs is
a possible bias that may have resulted in the occurrence of
irAEs in the group of patients who survived longer. However,
the significantly higher DCR in patients with irAEs suggests
that a larger cohort may result in significant differences in ORR
and PFS. We believe that the present results enhance the
current understanding of this field and warrant further
confirmation in future prospective studies with larger cohorts.
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Table III. Multivariate analyses for overall survival of patients treated with immune checkpoint inhibitors.

Factors                                                                                                 Univariate                                                             Multivariable

                                                                                                               p-Value                                HR                              95%CI                         p-Value

Age >70                                                                                                     0.56                                                                                                                
Sex: male                                                                                                  0.53                                                                                                                
Prior nephrectomy: present                                                                    <0.01                                 4.56                            1.86-11.2                        <0.01
Histology: clear cell RCC                                                                        0.36                                                                                                                
Combination of nivolumab plus ipilimumab                                          0.21                                                                                                                
<1 year from time of diagnosis to systemic therapy                              0.02                                                                                                                
Karnofsky Performance Status <80%                                                   <0.01                                 3.07                            1.28-7.38                          0.04
Hemoglobin < lower limit of normal                                                      0.01                                                                                                                
Corrected calcium > upper limit of normal                                            0.51                                                                                                                
Neutrophils > upper limit of normal                                                       0.83                                                                                                                
Platelets > upper limit of normal                                                             0.20                                                                                                                
Lung metastasis: present                                                                          0.12                                                                                                                
Liver metastasis: present                                                                          0.04                                                                                                                
NLR >2.5                                                                                                  0.01                                                                                                                
irAE: present                                                                                             0.01                                 2.46                            1.01-5.98                          0.047

irAEs: Immune-related adverse events; NLR: neutrophil lymphocyte ratio; RCC; renal cell carcinoma. Statistically significant p-values are shown
in bold.

Table IV. Objective response rates and disease control rates according to immune-related adverse events.

                                                                                                      All (n=91)                With irAEs (n=44)             Without irAEs (n=47)             p-Value

Best overall response                                                                                                                                                                                                         
   Complete response                                                                     12 (13%)                          7 (16%)                                 5 (11%)                                
   Partial response                                                                          27 (30%)                         16 (36%)                               11 (23%)                               
   Stable disease                                                                             32 (35%)                         17 (39%)                               15 (32%)                               
   Progression of disease                                                                20 (22%)                           4 (9%)                                 16 (34%)                               
Objective response rate                                                                 39 (43%)                         23 (52%)                               16 (34%)                            0.08
Disease control rate                                                                       71 (78%)                         40 (91%)                               31 (66%)                          <0.01

irAEs: Immune-related adverse events. Statistically significant p-values are shown in bold.



In conclusion, we showed that irAE development was
positively associated with oncological outcomes of patients
with mRCC treated with ICIs. Although irAEs caused by ICI
treatment are a potentially fatal complications, they can lead
to a good long-term outcome if properly managed. A
multidisciplinary approach with a strategy that is carefully
formulated not only by urologists but also by medical
oncologists and pulmonologists should be recommended.
Further prospective investigations with a larger sample size
should be conducted to confirm these findings.
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