
Abstract. Background/Aim: Immune-related adverse events
(irAEs) are associated with the efficacy of immune-checkpoint
inhibitors in patients with melanoma and non-small cell lung
cancer. We therefore evaluated the relationship between irAEs
and nivolumab efficacy against metastatic renal cell
carcinoma. Patients and Methods: The medical records of 53
consecutive patients were reviewed and analyzed. Results:
Median overall survival was significantly better in patients
who showed irAEs at any time compared to patients without
irAEs (p=0.013). We identified irAEs in 24 of 53 patients
(45.3%), including four patients (7.5%) with grade 3 events.
Multivariate analysis also revealed that risk factors for the
onset of irAEs were positively associated with a platelet-to-
lymphocyte ratio <156 before nivolumab treatment
(p=0.006). Conclusion: Development of irAEs was associated
with survival outcomes of nivolumab treated patients with
metastatic renal cell carcinoma.

Therapeutic options for metastatic renal cell carcinoma
(mRCC) have changed dramatically over the last decade with
the introduction of targeted agents, including vascular
endothelial growth factor (VEGF)-targeted therapy and
immune checkpoint inhibitors. Nivolumab, a monoclonal
antibody targeting programmed cell death 1 (PD1), is the

first immune checkpoint inhibitor approved for the treatment
of mRCC refractory to antiangiogenic therapy following the
results of a phase III clinical trial. Nivolumab conferred a
5.4-month improvement in median overall survival (OS) a
more favorable safety profile compared to everolimus (1).
However, immune-checkpoint inhibitors can induce immune-
related adverse events (irAEs) including rash, colitis,
hepatitis, endocrinopathies, and pneumonitis (2, 3). IrAEs
have been associated with patient characteristics, efficacy
and total number of doses of PD-1 inhibitors (4-6). In
patients with various malignancies treated with immune-
checkpoint inhibitors, irAEs are associated with better
survival (7-13). Thus, early development of irAEs may
predict more favorable outcomes following immune-
checkpoint inhibitor therapy, and optimal management irAEs
may be necessary to obtain the best outcome. However, in
mRCC, the relationship between irAEs and outcomes
following immune-checkpoint inhibitor treatment is unclear.
Thus, we assessed irAEs and their association with outcomes
of mRCC patients following nivolumab treatment.

Patients and Methods
Study design. We retrospectively reviewed the medical records of
all patients with mRCC who were previously treated with VEGF-
targeted therapy and who started treatment with nivolumab at the
Cancer Institute Hospital of the Japanese Foundation for Cancer
Research between September 2016 and September 2018. This
review identified 53 eligible patients who received nivolumab
monotherapy. Patients with known active or suspected autoimmune
disease and patients requiring immunosuppressive medications were
excluded from participation in this study.

Treatment regimen and study drugs. Based on the results from a
previous clinical trial (1), patients were given nivolumab every 2
weeks until the end of treatment or follow-up. In Japan, the
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recommended dose of nivolumab was 3 mg/kg until September
2018, and thereafter changed to 240 mg. Blood cell counts
obtained within 7 days before beginning nivolumab treatment were
considered baseline counts. We obtained all blood specimens,
laboratory tests, and information regarding their Eastern
Cooperative Oncology Group performance status (ECOG-PS),
alcohol habits, smoking habits, and medication history at the same
hospital. Follow-up ended on October 31, 2018. Progression-free
survival (PFS) was defined as the time from study enrollment to
disease progression or death. Each patient underwent computed
tomography during follow-up to determine the response to
nivolumab, which was assessed with Response Evaluation Criteria
in Solid Tumors (RECIST) v1.1 (14). The time from the beginning
of treatment to death from any cause was defined as OS. Patients
were censored if they did not have documented clinical or
radiographic progression or were still alive at the last follow-up.
irAEs were considered immunologically associated adverse events
that required careful monitoring and the possible need for
treatment such as immune suppression or endocrine therapy.
Pyrexia as well as cutaneous, endocrine, gastrointestinal, hepatic,
lymph node, neurological, optic, pancreatic, pulmonary, and renal
irAEs were recorded as adverse events (11). Laboratory results,
such as an increase in thyroid-stimulating hormone, aspartate
aminotransferase, or alanine aminotransferase levels that resolved
spontaneously or that were asymptomatic or transient, were not
regarded as irAEs. In addition, adverse events that began after
initiation of treatment subsequent to nivolumab therapy were not

considered. The Common Terminology Criteria for Adverse
Events, version 4.0 was used to grade adverse events (15). The
patients were categorized into two groups based on the incidence
of irAEs: those with irAEs (irAE group) and those without (non-
irAE group).

Statistical analyses. Estimates of OS and PFS in the irAE and non-
irAE groups were calculated using the Kaplan-Meier method, and
statistical significance was analyzed using the log-rank test. A
significance level of p<0.05 was employed for statistical analyses.
Optimal cut-off values of risk factors for the incidence of irAEs
were determined according to receiver operating characteristic
(ROC) curves and areas under the ROC curve (AUCs). Next, we
performed univariate analysis including baseline clinical
characteristics and blood test results as explanatory variables, and
the onset of irAEs as the objective variable. The resulting variables
showing values of p<0.20 were then entered into multivariate
analysis. Statistical analyses were performed using SPSS version 24
software (IBM Corp., Armonk, NY, USA).

Ethical approval. This study was conducted in accordance with the
World Medical Association Declaration of Helsinki and
independently reviewed and approved by the Clinical Research
Ethics Review Committee of the hospital (approval No.: 2018-
1154). Patients were not solicited for informed consent, given the
retrospective nature of the study. All patient data were processed in
anonymity and de-identified prior to analysis.

Results

Patient characteristics. A total of 53 patients were included
in this study. The median age was 67 years (range=41-85
years). ECOG-PS was 0 in 16 patients (30.2%) and 1 in 37
patients (69.8%) (Table I). The dominant histotype was clear
cell RCC in 45 cases (84.9%). According to the International
Metastatic Renal Cell Carcinoma Database Consortium
(IMDC) risk classification (16), the numbers of patients with
favorable, intermediate, and poor risk were 12 (22.6%), 30
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Table I. Baseline characteristics of patients.

No. of patients %

Age, years
Median 67
Range 41-85

Gender
Male 40 75.5
Female 13 24.5

ECOG performance status
0 16 30.2
1 37 69.8

Histology 
Clear cell 45 84.9
Non-clear cell 8 15.1

Number of metastatic lesions 
<2 19 35.8
≥2 34 64.2

IMDC risk classification 
Favorable 12 22.6
Intermediate 30 56.6
Poor 11 20.8

Duration of the 1st-line therapy, months 
<6 16 30.2
≥6 37 69.8

Number of prior treatment line 
<2 36 67.9
≥2 17 32.1

ECOG: Eastern Cooperative Oncology Group; IMDC: International
Metastatic Renal Cell Carcinoma Database Consortium.

Table II. Observed irAEs according to category and grade.

irAEs Any grade Grade 3 Days to onset,
median (range)

No. of patients (%)

Any event 24 (45.3) 4 (7.5) 127 (10-435)
Diarrhea 7 (13.2) 1 (1.9) 163 (16-435)
Uveitis 2 (3.8) 1 (1.9) 137 (127-147)
Adrenal insufficiency 2 (3.8) 1 (1.9) 228.5 (99-358)
Liver dysfunction 1 (1.9) 1 (1.9) 10
Rash 9 (17.0) 0 23 (15-288)
Pneumonitis 3 (5.7) 0 281 (21-435)
Cystitis 1 (1.9) 0 65
Fatigue 1 (1.9) 0 33
Peripheral neuropathy 1 (1.9) 0 272
Hyperglycemia 1 (1.9) 0 43

irAEs: Immune-related adverse events.



(56.6%), and 11 (20.8%), respectively. Thirty-six patients
received nivolumab as second-line therapy, and 17 patients
were administered nivolumab as third-line therapy. The
median number of treatment cycles of nivolumab was 10
(range=1-46 cycles). Seven patients (13.2%) died as a result
of disease progression. The remaining 46 patients (86.8%)
were alive at the last follow-up.

Efficacy and irAEs. Among those patients treated with
nivolumab, 45.3% (n=24) showed irAEs of any grade, and
7.5% (n=4) had irAEs of grade 3. Profiles of any-grade
irAEs and grade 3 irAEs are shown in Table II. The median
time to first onset of irAEs was 127 days (range=10-435
days). The median time to onset of grade 3 irAEs was 159.5
days (range=10-358 days).

Median OS was not reached in the irAE or non-irAE groups
at any time during the study (Figure 1). Median OS in the
irAE group was improved compared to the non-irAE group
(p=0.013). Median PFS was 19.5 months in the irAE group
and 17.0 months in the non-irAE group (Figure 2). Median
PFS did not differ significantly among groups (p=0.637).

Multivariate analysis of factors associated with the incidence
of irAEs. Results of multivariate analysis are shown in Table
III. ROC analysis revealed that optimal cut-off values for the
neutrophil-to-lymphocyte ratio (NLR) at baseline and
platelet-to-lymphocyte ratio (PLR) at baseline were <3.4 and

<156, respectively, for predicting the incidence of irAEs
(AUC for NLR, 0.688; AUC for PLR, 0.655). Univariate
analyses identified baseline NLR <3.4 and baseline PLR
<156 as variables associated with the occurrence of irAEs
(p=0.024 and p=0.004, respectively). Marginal correlations
with irAEs were seen in females and in those with ECOG-
PS ≥1 (p<0.20 each). When NLR, PLR, sex, and ECOG-PS
were added stepwise to the logistic regression analysis, a
significant association was found only for a baseline PLR
<156 (odds ratio=6.15; 95% confidence interval=1.67-22.56;
p=0.006), which showed the most appropriate regression
equation with an error rate of 16.7%.

Discussion

We observed that development of irAEs was associated with
a good outcome following nivolumab treatment in patients
with mRCC. Recently, a Japanese series of 47 mRCC
patients treated with nivolumab showed that the median PFS
and OS after initiation of nivolumab therapy were
significantly longer in patients with irAEs than in patients
without irAEs (PFS: 13.1 vs. 4.8 months, p<0.001; OS: 26.0
months vs. not reached, p=0.007) (17), and that the median
OS in patients who developed irAEs at any time was better
(Figure 1). However, median PFS did not differ significantly
among groups in this study (p=0.637). Kobari et al.
described a case report about a rapid progressive disease just
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Figure 1. Kaplan-Meier curve showing overall survival (OS) according
to the incidence of any immune-related adverse events (irAEs) at any
time in patients administered nivolumab.

Figure 2. Kaplan-Meier curve showing progression-free survival (PFS)
according to the incidence of any immune-related adverse events
(irAEs) at any time in patients given nivolumab.



after nivolumab was administered as third- or fourth-line
therapy for mRCC (18). Because our patients seemed to
show relatively good baseline characteristics compared to
their report, median PFS would not differ significantly.

Regarding the incidence of irAEs, a baseline PLR <156 was
identified with multivariate logistic regression analysis as a
significant risk factor (p=0.006). Pavan et al. observed that a
baseline PLR <180 was significantly associated with occurrence
of any irAEs among non-small lung cancer patients (19). They
also reported that the occurrence of any irAE was associated
with a baseline NLR <3.0 and a baseline PLR <180 by
univariate analyses. Multivariate modeling confirmed a baseline
PLR <180 as the only independent predictive factor (19). These
findings agree with the findings of the present study.

Inflammation is an important feature of the tumor
microenvironment and has been associated with poor
prognosis for various tumors (20). Hematological
inflammatory parameters such as neutrophils, lymphocytes,
monocytes, and platelets can reflect the immune status and
offer important predictive value for tumor prognosis (21, 22).
Giorgi et al. identified a PLR <232 as a statistical biomarker
for improved OS among mRCC patients treated with
nivolumab (23). The incidence of irAEs and PLR may thus
be considered as a reliable marker reflecting the therapeutic
efficacy of nivolumab in patients with mRCC. For the first
time, our current study demonstrated an association between
baseline PLR and irAEs in mRCC patients.

The present study has some limitations that warrant
consideration. First, the study was retrospective in nature,
which may have introduced potential biases and confounding
factors. However, this single-center study included all mRCC
patients treated with nivolumab, limiting the potential bias of
heterogeneity in the patient population in this type of analysis.

Second, we were not able to include all potential confounding
factors in our multivariate analysis because of the small
number of covariates that were identified in the study cohort.
Third, the follow-up period was too short to fully assess long-
term survival outcomes. The association between irAEs and
nivolumab efficacy in mRCC, thus, remains inconclusive and
warrants clarification in a larger cohort over a longer period.

In conclusion, our findings indicate that the incidence of
irAEs is associated with nivolumab efficacy in patients with
mRCC. To the best of our knowledge, this study is the first
to reveal an association between PLR at baseline and irAEs
among mRCC patients. 

Conflicts of Interest

K.S. reports personal fees from Ono, Taiho, Eli Lilly, and Takeda,
outside the submitted work. The other Authors have no conflicts of
interest to declare regarding this study.

Authors’ Contributions

K.K., M.H., T.A., T.Y., S.S., K.H., and Y.I. made substantial
contributions to study conception and interpretation of data, and
were involved in collecting data and drafting the manuscript. K.K.
and K.S. made substantial contributions to study conception. K.S.,
M.H., T.A., T.Y., H.S., E.S., M.T., and T.H. were involved in
critically revising the manuscript for important intellectual content.
All Authors gave final approval of the version to be published.

Acknowledgements

The Authors thank Dr. Yonese, Dr. Yuasa, Dr. Numao, Dr.
Yamamoto, and Dr. Fujiwara from the Department of Urology,
Cancer Institute Hospital of the Japanese Foundation for Cancer

in vivo 34: 2647-2652 (2020)

2650

Table III. Risk factors for the incidence of immune-related adverse events.

                                                                                                                        Univariate analysis                                             Multivariate analysis

Characteristics                                                                                OR (95%Cl)                      p-Value                         OR (95%Cl)                       p-Value

Gender (female)                                                                          0.41 (0.11-1.50)                     0.175                        0.41 (0.09-1.75)                      0.231
Age (≥65)                                                                                    1.71 (0.54-5.41)                     0.356                                                                           
ECOG performance status (≥1)                                                 2.32 (0.67-8.01)                     0.177                        2.04 (0.51-8.15)                      0.311
Alcohol consumption (previous or current）                            1.35 (0.44-4.08)                     0.590                                                                           
Smoking history (previous or current）                                    1.55 (0.51-4.68)                     0.431                                                                           
No. of courses of nivolumab (≥10)                                           1.02 (0.38-3.03)                     0.983                                                                           
White blood cells at baseline (>9,000)                                      1.04 (0.96-1.13)                     0.453                                                                           
Neutrophil at baseline (>4,000)                                                 0.54 (0.16-1.79)                     0.315                                                                           
Lymphocyte at baseline (>2,000)                                              1.73 (0.34-8.64)                     0.391                                                                           
Platelet at baseline (>300,000)                                                  0.93 (0.84-1.02)                     0.295                                                                           
Neutrophil-to-lymphocyte ratio at baseline (<3.4)                 5.78 (1.12-29.77)                    0.024                       3.21 (0.55-18.76)                     0.194
Platelet to lymphocyte ratio at baseline (<156)                      6.15 (1.67-22.56)                    0.004                       6.15 (1.67-22.56)                     0.006*

CI: Confidence interval; OR: odds ratio; ECOG: Eastern Cooperative Oncology Group. *Statistically significant.
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