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Abstract

Background: Neutrophil-to-lymphocyte (NLR) and platelet-to-lymphocyte (PLR) ratios can indicate poor disease
prognosis and are inflammation markers. We investigated the role of NLR and PLR as effective predictive markers of
immune-related adverse event (irAE) onset in patients treated with nivolumab. Methods: We retrospectively analysed
73 gastric and renal cancer patients treated with nivolumab at the Hokkaido Cancer Centre from January 2017 to June
2020. NLR and PLR were calculated at the initiation of nivolumab treatment and irAE onset. We identified the risk
factors for Grade 3-4 irAE onset using NLR, PLR, sex, cancer type, and age. Overall survival (OS) and progression
free survival (PFS) were calculated from the initiation of nivolumab treatment to the date of death or censored at last
follow-up. Results: Among the 73 patients included, 17 (18%) had at least one grade3-4 irAE. Multivariable logistic
regression analyses revealed that pretreatment NLR<4.3 was significantly associated with a reduced risk for onset
of grade3-4 irAEs, whereas rate of NLR change after treatment, ANLR>120% was significantly associated with an

increased risk. Conclusions: NLR is an effective marker for prognosis and onset of grade 3-4 irAEs.
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Introduction

Immune checkpoint inhibitors (ICIs) are currently
being used in the treatment of a variety of cancers. Although
ICIs are mostly used in the form of monotherapies, their
use in combination with chemotherapy is also being
evaluated. ICI can induce immune-related adverse events
(irAEs) including pneumonitis, hepatitis, rash, colitis, and
endocrinopathies (Boutros et al., 2016; Friedman et al.,
2016). The systemic immune hyperreactivity caused by
ICI leads to irAEs and in various diseases treated with ICI,
the development of irAEs is associated with improved
survival (Haratani et al., 2018; Masuda et al., 2019).

Studies conducted on the use of neutrophil-to-
lymphocyte (NLR) and platelet-to-lymphocyte (PLR)
ratios confirmed their applicability as indexes of
therapeutic effects in various cancers (Kiriu et al., 2018;
Li et al., 2019; Khunger et al., 2018; Scilla et al., 2017;
Katayama et al., 2019). For better application of the
IClIs, it is essential to identify predictors of ICI effects

and the onset of irAEs. The tumour microenvironment
consists of inflammatory cells that play essential roles
in tumorigenesis and tumour growth and are important
factors in non-small cell lung cancer (Rivas-Fuentes et
al., 2015). Therefore, inflammation plays an important
role in tumour growth and development (Greten et al.,
2019; Luborsky et al., 2020; Cursano et al., 2020).
Recently, as inflammation markers, NLR and PLR were
used to identify tumour-related inflammation (Kiriu et
al., 2018; Li et al., 2019; Khunger et al., 2018; Scilla
et al., 2017; Katayama et al., 2019). Moreover, they
were proposed as simple indicators of the systemic
inflammatory response in critically ill patients of breast,
colon, and lung cancer (Zahorec et al., 2001). A previous
study also reported that the baseline NLR value (i.e.,
NLR <5) is associated with improved survival in lung
cancer patients treated with nivolumab (Bagley et al.,
2017). Although the baseline NLR value is useful for
stratifying patients before nivolumab treatment, predictive
biomarkers that enable clinicians to determine whether

!Department of Pharmacy, National Hospital Organization Hokkaido Cancer Center, Sapporo, Hokkaido, Japan. *Department of
Urology, National Hospital Organization Hokkaido Cancer Center, Japan. *Department of Gastroenterology, National Hospital
Organization Hokkaido Cancer Center, Sapporo, Hokkaido, Japan. *Faculty of Pharmaceutical Sciences, Hokkaido University of
Science, Hokkaido Japan. *For Correspondence: snowmanl98019@gmail.com

695

Asian Pacific Journal of Cancer Prevention, Vol 23



Takada Shinya et al

nivolumab treatment should be continued are unknown.
In a study based on patients with lung cancer treated with
nivolumab, the effect-accuracy were compared before and
after treatment using an NLR cut-off value of 5 (Pavan
et al., 2019). Furthermore, one report compared not only
the overall survival (OS) with the cut-off value of NLR
before treatment as 5 but also compared OS with NLR
after 2 courses of treatment with the same cut-off value
(Kiriu et al., 2018). Based on the above findings and the
effect of ICI treatment on patient immunological status,
the time-dependent change in NLR is hypothesized as a
marker for predicting therapeutic ICI effects. However, the
relationship between the intensity of inflammation up to
irAEs onset, and the time-dependent change in NLR has
not been clarified. In this study, we hypothesised that the
NLR and PLR change during irAEs onset. To investigate
this hypothesis, we focused on the time-dependent changes
in NLR and PLR during treatment, rather than focussing
on NLR and PLR at specific stages of treatment. This study
specifically aimed to determine whether time-dependent
changes in NLR and PLR are important for determining
the onset of irAEs in patients with gastric cancer and renal
cell cancer treated with nivolumab.

Materials and Methods

Patients

Consecutive patients who received nivolumab
treatment at Hokkaido Cancer Centre (Japan) between
January 2017 and June 2020 were enrolled retrospectively.
A minimum follow-up duration of 3 months was required
for patient inclusion in the study because of the higher
probability of developing irAEs within the first 12 weeks
of treatment (Haanen et al., 2017). Nivolumab therapy
was administered until the occurrence of the following:
disease progression, unacceptable toxicity, withdrawal, or
death. The observation period of irAEs began at the start
of nivolumab treatment to one month after nivolumab
discontinuation. The toxicity was evaluated based on the
Common Toxicity Criteria for Adverse Events, version 4.0.
IrAEs were defined as pneumonitis, skin-related events
(e.g., rash), diarrhoea, arthralgias/myalgias, endocrine-
related events (e.g., hypothyroidism, hypophysis, adrenal
crisis), hepatitis, tubulointerstitial nephritis, and other
conditions as previously described (Weber et al., 2012).
The following inclusion criteria were used: the availability
of clinical data and treatment with nivolumab based on
clinical practice. The exclusion criteria included patients
for whom the details of irAEs could not be confirmed
or for whom clinical laboratory data were missing. This
study was conducted in accordance with the Declaration
of Helsinki and requirements of the institutional review
board and was approved by the ethics committee of
Hokkaido Cancer Centre, Sapporo, Japan (approval No.
R2-25). All patients provided written informed consent
to participate in the study.

Study endpoint

The primary endpoint for the study was the relationship
between the onset of grade 3-4 irAE and the peripheral
blood cell count. The peripheral blood cell counts were
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evaluated before the start of nivolumab treatment to
determine the baseline value and upon irAE onset, from
which the rate of change was calculated. When irAEs were
absent, the value at the time of treatment discontinuation
or 6 months after the start of treatment was used. The
usefulness of the peripheral blood cell count as a systemic
inflammatory biomarker has been reported in several
studies (Kiriu et al., 2018; Li et al., 2019; Khunger et al.,
2018; Scilla et al., 2017; Katayama et al., 2019), in which
and NLR and PLR were calculated using the peripheral
blood cell count. In this study, NLR and PLR before the
start of treatment are presented as NLRpre and PLRpre,
while the rates of change after treatment are expressed as
ANLR and APLR.

Relationship between irAE onset and NLR, PLR, and
survival time

PFS and OS were calculated based on irAE onset
of each grade. The irAE grades were divided into three
groups (grade 0, grade 1-2 and grade 3-4), and the survival
times were calculated for each group. In addition, as
peripheral blood biomarkers, the cut-off values of NLRpre
and PLRpre were calculated by performing receiver
operating characteristic curve analysis and divided into
two groups so that PFS and OS could be calculated, and
the survival time compared.

Statistical analysis

For continuous variables, receiver operating
characteristic (ROC) curve analysis was used to estimate
the optimal cutoff values of adjusted age, NLR, PLR,
ANLR, and APLR levels at baseline for the occurrence
of grade 3 or higher irAEs.As another variable,the risk
factors included gender, and cancer type (gastric cancer,
renal cell carcinoma). Variables with potential association
with the incidence of grade 3 or higher irAE suggested
by univariate logistic regression analysis (p < 0.20)
were considered when constructing the multivariate
model. Results with two-sided p<0.05 were considered
statistically significant. Next, for survival (OS and PFS),
three comparisons were made. The first comparison was
NLRpre <4.3 and NLRpre >4.3. The second comparison
included PLRpre <210 and PLRpre >210. The third
comparison was overall survival according to the worst
grade of irAE in ICI treatment. Log-rank analysis was
Log-rank analysis was performed using the Kaplan-Meier
method. Log-rank analysis was performed using the
Kaplan-Meier method. All analyses were performed using
BellCurve for Excel (Social Survey Research Information
Center, Tokyo, Japan).

Results

Patient background

A total of 73 patients were included in this study,
and the characteristics of renal and gastric cancers are
summarized in Table 1. The median age of the patients
was 67 years (IQR: 60-73); the cohorts included 54 males
(74%), 41 patients with renal cancer (56%), and 32 patients
with gastric cancers (44%). The number of patients who
received first, second-, and third-line treatments was
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Figure 1. Kaplan—-Meier Survival Analysis Based on NLR. Patients were stratified into two groups: patients with
NLR < 4.3 and NLR > 4.3. Baseline (NLRpre < 4.3) groups are indicated with solid lines and NLR > 4.3 groups are
indicated with dashed lines. Patients with low NLR pre had good prognosis; (a) shows PFS and (b) shows OS. NLR,

Neutrophil-to-lymphocyte ratio; PFS, progression free survival; OS, overall survival;

Table 1. Baseline Characteristics of Patients

Gastric cancer Renal cell carcinoma

Age (years)

Median 64 69

Range 41-88 40-79
Gender ;Number(%)

Male 24 (75%) 30 (73%)

Female 8 (25%) 11 (27%)
Number of prior treatment line

<2 26 3

>3 15 29

10 (14%), 19 (26%), and 44 (60%), respectively. The
cut-off values for NLRpre and PLRpre were 4.3 and 210,
while those for ANLR and APLR were 185% and 120%,
respectively.

Immune-related adverse events

Fifty-one patients (70.0%) experienced seven
different irAE types (Table 2). The median number
of ICI administration was three (range, 1-42), and
the median number of weeks before the onset of any

Table 2. Immune-Related Adverse Events among Cases
of Gastric and Renal Cell Cancer

Grading, Number Requiring

systemic
irAE subtype Gradel-2  Grade3-4 steroid

treatment, n (%)

Skin-related events 15 3 9 (50%)
Pneumonitis 3 5 6 (75%)
Endocrine-related events 1 0 1 (100%)
Increased transaminase 9 5 6 (43%)
Fever 2 0 0 (0%)
Diarrhea 3 2 3 (60%)
Thyroid dysfunction 12 1 0 (0%)
other 3 1 0 (0%)

irAEs was 4.1 (range, 0.4— 88.9 weeks). Thirty-seven
patients (50%) developed irAEs within 12 weeks of the
first nivolumab administration. IrAEs observed in these
patients were mainly mild (grade 1-2 in 73% of cases).
Twenty-six patients permanently discontinued nivolumab
treatment due to toxicity or progressive disease. During
the study, 23 (32%) of patients experienced IrAEs such
as pneumonitis (n = 6), diarrhoea (n = 3), increased
transaminase (n = 6), or skin-related events (n = 7) that

Table 3.Univariate and Multivariate Analyses of the Risk Factors for the Incidence of Inmune-Related Adverse Events

Univariate analysis Multivariate analysis

Characteristic Odds Ratio(95%CI)  P-value = Odds Ratio(95%CI)  P-value
Sex (male;1,female;0) 0.49 (0.14-1.73) 0.3

Cancer Type (renal cell carcinoma;1,gastric cancer;0) 0.30 (0.083-1.08) 0.07 5.00 (0.72-34.70) 0.1
Age>T0years (>70y;1,<70y;0) 0.53 (0.16-1.78) 0.3

Neutrophil-to-lymphocyte ratio at baseline (NLR<4.3;1,>4.3;0) 0.14 (0.038-0.53) 0.003 0.024 (0.0012-0.46)  0.014*
Platelet-to-lymphocyte ratio at baseline (PLR<210;1,>210;0) 0.10 (0.013-0.86) 0.02 0.31 (0.0028-3.41) 0.34
Rate of change NLR after treatment (ANLR>120%;1,<120%;0) 6.13 (1.24-30.30) 0.023 10.48 (1.20-91.84) 0.033*
Rate of change PLR after treatment (APLR>185%;1,<185%;0) 3.07 (0.84-11.26) 0.12 12.78 (0.70-232.72) 0.085

CI, Confidence interval; *, Statistically significant
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Figure 2. Kaplan—Meier Survival Analysis Based on PLR. Patients were stratified into two groups: patients with
PLR <210 and patients with PLR >210. Baseline (PLRpre < 210) groups are indicated with solid lines and PLR >210
groups are indicated with dashed lines. Patients with low PLRpre had good prognosis; (a) shows PFS and (b) shows
OS. PLR, platelet-to-lymphocyte ratio; PFS, progression free survival; OS, overall survival

required immunosuppressants such as systemic or topical
steroidal treatment. Additionally, one patient with an
endocrine irAE required hormonal replacement therapy.
Moreover, 18 patients started thyrostatic treatment for
hyperthyroidism. These results indicated that frequency
and type of irAEs were similar to those of previously
reported irAEs.

Relationship between NLRpre and PFS and OS
Patients with lower NLRpre showed improved PFS
and OS. Patients were categorized as those with NLRpre
< 4.3 or > 4.3. Patients with a NLRpre < 4.3 had a
median PFS of 6.9 months (95% CI 3.9-9.9) compared
to that of 2.3 months (95% CI 1.6-3.1) in patients with
NLRpre > 4.3 (P < 0.01, Figure 1a). Similarly, patients
with NLRpre <4.3 had a median OS 0f26.9 months (95%
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CI 9.3-44.5) compared to that of 11.4 months (95% CI
8.2—-14.7) in patients with NLRpre >4.3 (P<0.01, Figure
1b). These results showed that the low NLRpre group had
a longer survival than the high NLRpre group.

Relationship between PLRpre and PFS and OS

Patients with lower PLRpre showed improved PFS and
OS. Patients were divided into those with PLRpre <210
or > 210. Patients with PLRpre < 210 had a median PFS
0f20.8 months (95% CI 7.6-34.1) compared to that of 2.7
months (95% CI 2.1-3.2) in patients with PLRpre > 210
(P < 0.001, Figure 2a). Similarly, patients with PLRpre
< 210 had a median OS of not reached. Patients with
PLRpre > 210 had a median OS of 11.2 months (95%
C18.4-14.0) (P <0.01, Figure 2b). These results showed
that the low PLRpre group had longer survival than the
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Figure 3. Overall Survival and Progression-Free Survival of the Patient Population Enrolled in this Study. (a)PFS and
(b) OS according to the onset of immune related adverse events (irAEs). Solid line, grade 1-2 irAEs; dashed line, grade
3-4 irAEs; and dotted line, patients without irAEs. PFS, progression free survival; OS, overall survival
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high PLRpre group.

Relationship between irAE grade and PFS and OS

Based on a three-group comparison, the irAEs were
divided into grade 0, grade 1-2, and grade 3-4. Our
analysis showed that the grade 1-2 group had significantly
improved OS and PFS compared with the other two
groups. The median OS for the grade 1-2 irAE group
was 34.3 months (95% CI 26.8 — 41.8), while it was
11.0 months for grade 3-4 (95% CI 4.9 — 22.1) and 7.8
months for grade 0 (95% CI12.7—12.9; grade 1-2 vs. grade
3-4 and grade 0, p < 0.001 and p < 0.001, respectively;
Figure 3a). Similarly, the median PFS for the grade 1-2
irAE group was 19.6 months (95% CI 7.8 — 31.3), 1.0
months for grade 3-4 (95% CI 0.6 — 1.4) and 3.4 months
for grade 0 (95% CI 2.8 — 4.1; grade 1-2 vs. grade 3-4
and grade 0, p<0.001 and p <0.001, respectively; Figure
3b).These results showed that the gradel-2 group had a
longest survival compared with the grade 0 and grade3-4
irAE groups.

Multivariate analysis of factors associated with irAE
incidence

The results of the univariate and multivariate analyses
are shown in Table 2. The cutoff values of continuous
variables for univariate analysis were calculated by ROC
analysis.

ROC curve analysis revealed that the cutoff of baseline
NLR level was 4.3, NLR level was 120, PLR level was
210, and PLR level was 185with an area under the ROC
curve of 0.70 (95% confidence interval (CI); 0.52—-0.88),
0.68 (95% confidence interval (CI); 0.53-0.83),0.62
(95% confidence interval (CI); 0.46—0.79), and 0.63(95%
confidence interval (CI); 0.49-0.77). Factors with a
P-value of 0.2 or less in the results of univariate analysis
were used as factors for multivariate analysis. The
factors identified in the univariate analysis were cancer
type (RCC; P=0.07), NLR (<4.3; P=0.003), PLR (<210;
P=0.02), ANLR (>120%; P=0.023), and APLR (>185%;
P=0.12). Multivariate analysis revealed that pretreatment
NLR values (odds ratio, 95% confidence interval:
0.003,0.001-0.46, p = 0.014) and change after treatment
initiation (ANLR) values (odds ratio, 95% confidence
interval: 10.48,1.20-91.84, p = 0.033) are risk factors for
grade 3-4 irAE onset.

Discussion

Our results collectively provide convincing evidence
for the use of NLR and PLR as prognostic and predictive
markers for irAE onset in response to nivolumab treatment
in cancer patients. To the best of our knowledge, this is
the first report to associate time-dependent changes in
NLR and PLR with irAE onset in patients administered
nivolumab treatment. Effective management of grade 3-4
irAEs associated with nivolumab treatment is especially
important. Treatment of grade 3—4 irAEs usually requires
hospitalisation because they can result in decreased quality
of life (QOL) or cause fatality. Although associated risk
factors such as a history of autoimmune disease are known,
biochemical markers that can predict the risk of irAEs

DOI:10.31557/APJCP.2022.23.2.695
Predictive Marker of Immune-Related Adverse Events

associated with nivolumab treatment have not yet been
identified (Hopkins et al., 2017; Champiat et al., 2016).
Nivolumab can modulate patient immunity by altering
various inflammatory markers, such as NLR, PLR, and
monocyte-to-lymphocyte ratio (Liu et al.,2019; Yodying
et al., 2016; Mirili et al., 2019). Among these markers,
NLR and PLR have been reported as effective markers
for survival. NLR and PLR are markers of systemic
inflammation and are expected to fluctuate since enhanced
inflammation is observed following nivolumab treatment
(Liu et al., 2019; Yi et al., 2018). In fact, in autoimmune
diseases such as rheumatoid arthritis and Crohn’s disease,
NLR and PLR were reportedly significantly higher than
in autoimmune disease-free groups (Liu et al., 2020;
Feng et al., 2017; Gao et al., 2015; Erre et al., 2019).
For example, the NLR in Crohn’s disease (5.72 + 6.66)
was significantly higher compared to that of the control
group (1.84 £+ 0.85) (Gao et al., 2017). Therefore, we
hypothesised that NLR and PLR would increase in
response to nivolumab-triggered irAEs in a hyperreactive
immunological state. We also aimed to identify changes in
NLR and PLR that could be used to predict irAE, as well
as the time-dependent changes in NLR and PLR that occur
before irAE onset. Baseline NLR and PLR are known
markers for improved OS; therefore, various cut-off values
have been set for NLR, among which 3 to 5 are commonly
reported (Nakaya et al., 2018; Ackland et al., 2019; Iwase
et al., 2017; Kiriu et al., 2018). These reports have also
suggested that OS and PFS are significantly prolonged
in patients with low NLR before the start of treatment
(Kiriu et al., 2018; Li et al., 2019; Khunger et al., 2018;
Scilla et al., 2017; Katayama et al., 2019). In our study,
the cut-off of each NLR and PLR value before the start
of treatment was set to 4.3 and 210, respectively, and OS
and PFS were compared between the low group (NLRpre
and PLRpre; <4.3 and <210) and high groups (NLRpre
and PLRpre; >4.3 and >210). Our results showed that the
low-NLR and -PLR groups showed better OS and PFS.
This finding was consistent with that reported earlier
in stage 4 non-small cell lung and renal cancer (Bagley
et al., 2017; Kazuo et al., 2020). Our study focused on
the time-dependent changes in NLR and PLR from the
initiation of nivolumab treatment to the onset of irAEs and
identified markers that could predict irAE occurrence. The
complete blood count (CBC) data were used to calculate
NLR (absolute neutrophil count/absolute lymphocyte
count) and PLR (platelet count/lymphocyte count). The
advantage of using NLR and PLR is that they can be
used for long-term follow-up. Collectively, our results
suggested that the time-dependent changes in NLR can
serve as a useful marker for predicting the development
of serious irAEs in response to immunotherapy. As an
inflammatory marker, an elevated NLR may be associated
with severe irAE onset and disease progression. In the
elevated NLR group (> 120%), 84% of patients had
to discontinue nivolumab due to progressive disease
(PD-or irAE. Therefore, our results confirmed that NLR
is affected by nivolumab treatment and showed that if
NLR increased by 120% or more, it could be an indicator
of poor prognosis.

It has been reported that irAEs onset by ICI improves
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OS and PFS. However, no comparison of irAE severity has
been reported to the best of our knowledge. Therefore, the
irAE onset group was divided into grade1-2 and grade3-4
groups to evaluate how irAE severity was related to OS
and PFS. We found that the patients with grade 1-2 irAEs
had significantly improved OS and PFS compared to the
other two groups (Figure 3). However, the OS and PFS
of the patients with irAEs of grade 3-4 did not improve
compared to the grade 0 despite irAE onset. Onset of grade
3-4 irAEs occurred early during the start of treatment and
interrupted the regimen so that a sufficient therapeutic
effect could not be obtained. In fact, in patients with grade
3-4 irAEs, the median duration of irAE onset was 37 days
after treatment, at which point, irAE onset accounted for
treatment discontinuation in 100% (13/13) of the cases.
Regarding the incidence of grade 3-4 irAEs, NLRpre <
5 and an NLRpre increase of more than 120% (ANLR
> 120%) were identified as significant risk factors of
grade3-4 irAE onset using multivariate logistic regression
analysis (Table 3). Mingjia et al. observed that the
increased NLR was also a significantly poor predictor of
survival (Lietal., 2019). Thus, overall, an increased NLR
predicts poor outcomes for patients. Moreover, Pavan et
al. reported that the NLR and PLR were also significant
predictors of irAE development (Pavan et al., 2019).
Development of ICI-induced irAEs possibly reflects the
hyperactivity of T cells, owing to them being unblocked
and reactivated by ICIs. Future studies should validate
this hypothesis by identifying a link between cytokine
and chemokine expression and time-dependent changes
in NLR.

Our study had some limitations. First, it was a
retrospective pilot study to clarify the relationship between
irAEs onset and NLR/change of NLR(ANLR) and PLR/
change of PLR(APLR). Second, we limited our study to
grade 3-4 irAEs that required steroid therapy. Thus, our
study outcomes propose that NLRpre and ANLR may
be the predictive markers for onset of Grade 1-2 irAEs.
However, this time, we focused on Grade 3-4 irAEs, which
affect the continuation of treatment. In future, it will be
necessary to perform large-scale prospective studies
targeting irAEs of all grades. Third, the confirmation of
irAE onset was limited to the information obtained from
the initiation to one month after nivolumab treatment. It
cannot be ruled out that some of the late onset irAE related
information may have been missed within this time period.

In conclusion, this is the first study to focus on the
time-dependent changes in NLR and investigate the
possibility of using NLR as a predictive marker for irAE
onset. In the future, NLR may not only be used as an
important marker of the onset of grade 3-4 irAEs but
also a marker for predicting the efficacy of nivolumab
treatment. Future studies will explore how these markers
can be utilised for evaluating the efficacy and outcomes
of nivolumab treatment.
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