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Background: Immune checkpoint inhibitors (ICIs) have transformed the treatment land-
scape for patients with advanced non-small-cell lung cancer (aNSCLC), but immune-related 
adverse events (irAEs) have been evidenced curtailed the clinical use of them.
Purpose: The aim of this study was to research the influences of inflammation-related 
peripheral blood markers, including neutrophil-to-lymphocyte ratio (NLR) and platelet-to- 
lymphocyte ratio (PLR) levels, on anti-PD-1 inhibitor-induced irAEs.
Patients and Methods: A retrospective analysis was conducted of patients treated with 
PD-1 inhibitors for stage III–IV NSCLC at a single center from 2017 to 2020 were included. 
Clinical characteristics, peripheral blood markers at the baseline and before subsequent 
treatment cycles were collected. NLR and PLR were calculated by division of neutrophil 
and platelet by lymphocyte measured in peripheral blood. The development of irAEs was 
evaluated and monitored from the therapy start based on CTCAE V4.03.
Results: A total of 150 patients were included. Fifty-seven patients had occurred at least one 
irAEs during follow-up, and mainly grade 1–2 (73.68%). Pruritus, rash and thyroiditis were 
the most commonly irAEs. Low NLR, PLR and neutrophil at baseline were significantly 
associated with the development of severe irAEs (P-values were 0.023, 0.0016 and 0.009). 
The levels of neutrophil, NLR and PLR also significantly decreased when occurred irAEs 
compared with baseline (P-values were 0.0069, 0.017 and 1.18E-5, respectively).
Conclusion: The levels of NLR, PLR and neutrophil were associated with the increased risk 
of severe irAEs when baseline levels were low. NLR, PLR, and neutrophil are simple and 
available biomarkers that can be used to help predict severe adverse effects in NSCLC 
patients treated with anti-PD-1 inhibitors.
Keywords: immune checkpoint inhibitors, NSCLC, irAE, neutrophil-to-lymphocyte ratio, 
platelet-to-lymphocyte ratio

Introduction
Lung cancer continues to be the most frequent cause of cancer-related death 
worldwide.1 In the last decade, immunotherapy has prompted a paradigm shift in 
NSCLC treatment. Immune checkpoint therapies were rapidly developed owing 
to their inspiring clinical efficacy in specific cancer types.2,3 Anti-PD-1 and PD- 
L1 inhibitors have become the points of interest in immune checkpoint therapies. 
Unfortunately, the efficiencies of anti-PD-1 or anti-PD-L1 inhibitors were usually 
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heterogeneous, the response rates range from 15% to 
30% in most solid tumors.4 However, the response rate 
is higher (40–60%) in patients who receive combination 
therapy. These immune checkpoint inhibitors (ICIs) 
treatment also associated with the occurrence of 
immune-mediated toxicities, known as immune-related 
adverse events (irAEs), which may involve most organs 
like the gut, skin, endocrine glands, lung, heart and so 
on.4 IrAEs are often different from the classic che-
motherapy-related toxicities, and they are off-target 
effects of an excessively activated immune system.5

Results from multiple clinical trials showed a high rate 
of serious or fatal anti-PD-1 or anti-PD-L1 inhibitors 
induced irAEs (grade 3–4).6 Several clinical studies had 
elucidated that immune checkpoint therapies plus che-
motherapy induced a higher rate of serious irAEs.7,8 The 
precise mechanisms for anti-PD-1 or anti-PD-L1 inhibitors 
induced irAEs have not been fully elucidated, and scien-
tists speculate that it may be consistent with the action of 
ICIs, through the bystander effects from activated T-cells.9 

Numbers of studies had evidenced that patients who 
experienced irAEs had improved clinical outcomes, mea-
sured using the overall response rate (ORR), progression- 
free survival (PFS) and overall survival (OS).10,11 

However, serious irAEs are also the main reason for 
patients die or withdrawing treatment.12

The absolute concentration of peripheral blood lym-
phocytes and absolute monocyte count can be used as an 
inexpensive and clinical estimate of systemic immunity in 
humans.13 The neutrophil-to-lymphocyte ratio (NLR) and 
platelet-to-lymphocyte ratio (PLR) are new biomarkers of 
systemic inflammation that can be readily obtained from 
a peripheral complete blood count.14 Previous researches 
had found that pre-treatment NLR and PLR are prognostic 
markers associated with worse overall survival and death 
of ICIs in several tumor types.15,16 An increased NLR and 
PLR may reflect an innately dysfunctional host immune 
response, a by-product of tumor-related immune suppres-
sion, or some combination of both.

Taking into account high treatment costs and potential 
severe toxicity, cheap and readily available biomarkers for 
irAEs is of interest17 Based on previous literature, we hypoth-
esis that patients with decreased baseline NLR and PLR levels 
are more likely to benefit from PD-1 inhibitors and occur 
irAEs. Hence, we primarily aimed to evaluate the association 
between peripheral blood markers and the onset of irAEs. The 
secondary aims were to evaluate the changing trend of per-
ipheral blood markers, based on the occurrence of irAEs.

Method
Study Population
A unicentric and prospective observational study was con-
ducted to search the effect of NLR, PLR on severe irAEs 
interindividual difference in Chinese population. This 
study was approved by the Ethics Committee of Second 
Xiangya Hospital at Central South University, and all 
procedures were carried out in accordance with the 
Declaration of Helsinki. All patients were informed of 
this study and consented to participate. Patients who 
were diagnosed with advanced stage cancers (III–IV 
stage) and treated with anti-PD-1 between October 2017 
and January 2020 were enrolled. The anti-PD-1 inhibitors 
(pembrolizumab or nivolumab) were administered intrave-
nously every 3 weeks at a dose of 5 or 10mg/kg.

Patients included according to the following criteria: 
(1) clinical symptoms, physical signs and imaging exam-
ination consistent with the diagnostic criteria for advanced 
stage NSCLC; (2) no use of antibiotics or microbial eco-
logical agents for at least 4 weeks before anti-PD-1 inhi-
bitors therapy; (3) without autoimmune diseases; (4) 
normal parameters of blood routine, hepatorenal function 
before and after anti-PD-1 inhibitor therapy.

Clinical Characteristics Collection
Clinical factors, including demographic variables (age, 
sex, height, weight, smoking and drinking habits), clinical 
characteristics (disease condition, PD-L1 expression level 
and pre-treatment PFS), were mainly obtained from the 
electronic medical records. All patients underwent blood 
routine examination before and after they received anti-PD 
-1 inhibitor treatment, unless the patient absolutely 
refused. Baseline blood counts data (defined as the most 
recent blood count within 1 week before ICI initiation) and 
blood counts before each treatment cycle were reviewed. 
We collected data including absolute neutrophil count, 
absolute lymphocyte count, and platelet count to calculate 
NLR and PLR. The NLR was calculated by dividing the 
absolute number of neutrophils by the absolute number of 
lymphocytes obtained from peripheral blood before the 
start of PD-1 inhibitor treatment. PLR was calculated by 
the division of thrombocytes and lymphocytes.

Patient Follow-Up and Definition of irAEs
The data from patients receiving anti-PD-1 antibodies 
indicated that most irAEs occurred within the first 6 
months of treatment. Each patient followed-up for at 
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least 6 months by regular clinic visits in this research. An 
oncologist and a pharmacist conducted the follow-up reg-
ularly. The occurrence of irAEs was followed-up and 
monitored from the therapy start. It was included in this 
study if the onset was before January 2020. Adverse 
events were evaluated by two oncologists independently 
and categorized based on National Cancer Institute 
Common Terminology Criteria for Adverse Events 
(CTCAE V4.04). These adverse events included rash, 
generalised pruritus, vitiligo, colitis, pneumonitis, hepati-
tis, thyroiditis, hypophysitis, arthritis and others (asthenia, 
fatigue, nephritis and Guillain-Barre´ syndrome).

Statistical Analyses
The clinical results were expressed as medians with inter-
quartile range (IQR) for continuous variables, and fre-
quency and percentage for categorical variables. The 
T-test (for continuous variables) and χ2 test (for categori-
cal variables) were used to analyze the clinical character-
istic difference between groups. The relationship between 
blood markers and the occurrence of irAE was assessed 
using the Mann–Whitney test. All statistical analyses were 
performed with the R statistical Language (V3.1.1) and 
GraphPad Prism (v6.0e) software package. Differences 
were considered to be significant at P < 0.05.

Results
Clinical Characteristics of the Enrolled 
Patients
The basic clinical characteristics are summarized in Table 1. 
A total of 150 patients were included in the study and 
followed-up for at least 6 months. The age of the included 
patients ranged between 17 and 79 years. Most patients were 
male (79.7%). More than half of patients were former or 
active smokers (58.0%). Most patients had squamous carci-
noma (57.3%), and all patients had advanced NSCLC 
(aNSCLC). A large majority (87.3%) of patients had 
a pretreatment ECOG performance status of 0 or 1. About 
half of patients (50.7%) received immune therapy after dis-
ease progression on platinum-based chemotherapy. More 
than half of patients (69.3%) were not detected the expression 
of PD-L1 gene in tumor tissue. Among them, 130 patients 
received anti-PD-1 combined with chemotherapy, and 20 
patients received anti-PD-1 monotherapy. A total of 62 
patients stopped taking anti-PD-1 inhibitor therapy because 
of different reasons. Among them, most patients (77.4%) 
ceased treatment because of disease progression, while the 

others due to adverse events. There are two patients were died 
during the follow-up period due to fatal irAEs (one immune- 
related pneumonitis and one treatment-related cardiac event).

IrAEs Development During Patient 
Follow-Up
During the follow-up time, a total of 57 patients (38.0%) 
developed at least one type of irAEs (Figure 1A). Pruritus, 
rash and thyroiditis are the most commonly occurred irAEs 
(as shown in Figure 1B). IrAEs found in this research were 
mainly mild (grade 1–2 in 73.7% patients). We totally fol-
lowed 15 severe irAEs (grade 3–4) and 2 fatal irAEs. Patients 
who had taken anti-PD-1 monotherapy had higher grade 1–2 

Table 1 Characteristics of Enrolled Patients

Characteristics Patient Count (N 
=150)

Age, mean±SD 57.5±10.0

Sex

Male 118 (79.7%)

Female 32 (21.3%)

BMI, mean±SD 22.7±3.9

Smoke habit(current or former) 87 (58.0%)

Drink habit (current or former) 41 (27.3%)

Histology

Adenocarcinoma 64 (42.7%)

Squamous carcinoma 86 (57.3%)

Clinical stage

IIIB 53 (35.3%)

IV 97 (64.7%)

ECOG PS score

0–1 131 (87.3%)

2 19 (12.7%)

Prior platinum-based chemotherapy 76 (50.7%)

PD-L1

Not done 104 (69.3%)

<1% 15 (32.6%)

1–9% 6 (13.0%)

10–49 8 (17.4%)

>50% 17 (37.0%)

Therapeutic regimen

Anti-PD-1 combined with chemotherapy 130 (86.7%)

Anti-PD-1 monotherapy 20(13.3%)

Drug discontinuance 62 (41.3%)

Because of AEs or death 14 (22.6%)

Because of disease progression 48 (77.4%)

Abbreviations: BMI, body mass index; ECOG PS score, Eastern Cooperative 
Oncology Group performance status; AE, adverse effect.
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irAEs than patients who under combination therapy (70.59% 
vs 42.50, P= 0.027). However, none of the patients in the 
monotherapy group occurred grade 3–4 irAEs (P=0.09).

Elevated Baseline NLR is Associated with 
Decreased Risk of Grade 3–4 irAEs
The baseline clinical features between patients with or 
without irAEs were not significantly different (shown in 
Supplemental Table 1). When dividing the population into 
three groups according to the occurrence of grade 3–4 
irAEs, we observed lower levels of NLR, PLR and neu-
trophil in the grade 3–4 irAEs group (P-values were 0.023, 
0.0016 and 0.009, respectively), as shown in Table 2. 
Since anti-PD-1 monotherapy patients had higher grade 

1–2 irAEs than patients under combination therapy, we 
further compared the peripheral blood markers between 
the monotherapy and combination groups. No significant 
difference was found (data not shown).

Seventy-six (50.7%) enrolled patients previously under-
went platinum-based chemotherapy and had disease pro-
gression. Patients who had previously taken chemotherapy 
had a lower rate of irAEs compared to patients who did not 
(32.9% vs 43.2%, P=0.13). To evaluate the effects of pre-
vious treatments on baseline inflammation, we compared 
baseline blood markers between patients with and without 
prior chemotherapy. Patients who previously taken plati-
num-based chemotherapy had elevated baseline NLR, 
PLR, and lymphocyte levels (P-values were 0.029, 0.003 
and 0.001, respectively), as shown in Supplemental Table 2.

NLR and PLR Level Decreased Before 
irAEs Occurred
To determine whether the change in NLR and PLR during 
treatment may serve as early biomarkers of irAEs, we 
compared the changes of blood markers at baseline and 
before subsequent cycles of treatment. The baseline and 
pretreatment cycle blood routine examination data of the 
patients who experienced irAEs were obtained. The NLR, 
PLR, and neutrophil counts were significantly decreased 
during the treatment cycle when irAEs occurred. The 
P-values were 0.0069, 0.013, and 1.18E-5, respectively, 
as shown in Figure 2.

To compare the changes in blood markers between 
different grades of irAEs, we divided patients into two 
groups, based on the grade of their irAEs (grade 3–4 
versus grade 1–2). In each subgroup, both NLR and PLR 
levels were decreased before the cycle when irAEs 
occurred, as shown in Table 3.

Discussion
The emergence of PD-1 inhibitors has brought hope to 
patients with aNSCLC, but clinical studies have shown 

Figure 1 Number and frequency of irAEs in patients treated with PD-1 inhibitors. 
(A) Distribution of the number of irAEs per patient. (B) A bar plot illustrating the 
numbers of patients affected with each irAE.

Table 2 Baseline Peripheral Blood Markers by the Degree of irAEs

Characteristics Non-irAEs (N=93) Grade 1–2 irAEs (N=42) Grade 3–4 irAEs (N=15) P1 P2

Neutrophil 5.55 (4.49–7.98) 5.30 (4.43–8.32) 4.46 (3.24–6.09) 0.69 0.009
Lymphocyte 1.01 (0.61–1.70) 0.99 (0.71–1.73) 1.38 (1.01–1.76) 0.53 0.38

Platelet 273.5 (236.75–329.75) 315 (234–366) 231 (183–276) 0.089 0.023

NLR 4.25 (3.06–10.49) 4.44 (3.24–8.86) 3.22 (2.24–4.61) 0.47 0.023
PLR 213.22 (158.58–336.05) 290.00 (203.65–336.36) 171.19 (125.15–234.59) 0.13 0.0016

Abbreviations: Non-irAEs, patients without irAEs; P1, non-irAEs vs grade 1/2 irAEs; P2, grade 3/4 irAEs vs (non-irAEs plus grade 1/2).
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that no more than 20% of patients benefit from monother-
apy. Regardless of PD-L1 expression, the combination of 
chemotherapy with PD-1 antibodies was more effective 
than chemotherapy alone as first-line therapy for 
NSCLC.7 The addition of anti-PD-1 to chemotherapy 
resulted in significantly higher response rates and longer 
progression-free survival than those from chemotherapy or 
anti-PD-1 alone. However, this was generally accompa-
nied by a higher rate of adverse effects.12

As previous clinical studies elucidated that anti-PD-1 
inhibitors plus chemotherapy induced a higher rate of 
serious irAEs, the results in our study showed that the 
rate of grade 1–2 irAEs in the monotherapy group is 
higher than that in the combination therapy group. This 
inconsistent result may be due to the small sample size of 
the monotherapy group (20 versus 130). Hence, this result 
cannot reflect the real clinical relevance.

Treatment with immune checkpoint inhibitors may 
result in grade 3–4 irAEs, which necessitate patients to 
terminate anti-tumor therapy and acquired long-term ster-
oids or endocrine treatment.18 Understanding the mechan-
isms of irAEs will not only help clinicians to manage them 
more effectively but also enable safety assessments of 
treatment resumption after irAEs resolution.19 A previous 
study showed that polymorphisms in human leukocyte 
antigen (HLA) genes were associated with the occurrence 
of irAEs in patients under immune checkpoint therapy.20 

There was also evidence that pre-treatment intestinal 
microbiota can be used as biomarkers that correlate with 
protection against CTLA-4 blockade-associated 
colitis.21,22 Pre-treatment autoimmune markers, including 
rheumatoid factor, antinuclear antibody, antithyroglobulin, 
and antithyroid peroxidase were independently associated 
with anti-PD-1 induced irAEs.23 These factors were 

Figure 2 The distribution of peripheral blood markers in baseline and cycle of irAEs. (A) The level of NLR in baseline and before the occurrence of irAEs. (B) The level of 
PLR in baseline and before the occurrence of irAEs. (C) The level of neutrophil in baseline and before the occurrence of irAEs. (D) The level of lymphocyte in baseline and 
before the occurrence of irAEs. (E) The level of platelet in baseline and before the occurrence of irAEs.

Table 3 Baseline and Cycle of irAEs of Peripheral Blood Markers in Different irAE Groups

Characteristics Grade 1–2 irAEs (N=42) P1 Grade 3–4 irAEs (N=15) P2

Baseline irAEs Cycle Baseline irAEs Cycle

Neutrophil 5.30 (4.43–8.32) 3.39 (2.69–6.04) 0.013 4.46 (3.24–6.09) 3.35 (2.34–4.35) 2.81E-4
Lymphocyte 0.99 (0.71–1.73) 1.29 (0.73–1.71) 0.18 1.38 (1.01–1.76) 1.29 (1.04–1.72) 0.20

Platelet 315 (234–366) 244 (171–275) 0.21 231 (183–276) 226 (165–270) 0.20

NLR 4.44 (3.24–8.86) 3.82 (1.88–4.64) 0.013 3.22 (2.24–4.61) 2.46 (1.78–3.79) 0.011
PLR 290.00 (203.65–336.36) 200.74 (118.78–304.11) 0.011 171.19 (125.15–234.59) 159.54 (130.66–204.72) 0.37
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significantly associated with the risk of irAEs. However, 
the mechanism behind irAEs has not been fully elucidated.

The prognostic significance of elevated NLR and PLR 
is observed with remarkable consistency across various 
cancer types. What remains unclear is whether decreased 
NLR and PLR levels represent a reaction to irAEs causing 
an aggressive clinical course. In our study population, the 
rate of irAE was similar to that reported in large real-life 
studies. Decreased baseline NLR and PLR were signifi-
cantly associated with risk of severe irAEs (grade 3/4), but 
nor mild irAEs (grade 1/2), among aNSCLC patients 
under anti-PD-1 therapy. This finding agrees with previous 
studies, which associated lower inflammation-related 
blood markers with a higher risk of irAEs in NSCLC 
patients.24,25 While patients who had irAEs were more 
likely to have good treatment outcomes with anti-PD-1, 
they were also more likely to have lower baseline NLR 
and PLR levels. This result was consistent with the pre-
vious observation, that lower NLR and PLR were asso-
ciated with good clinical outcomes in NSCLC patients 
treated with immune checkpoint inhibitors or platinum- 
based first-line chemotherapy.15,26,27

A novel finding in our research was that the levels of 
blood markers, including NLR, PLR and neutrophil, were 
dramatically decreased during the treatment cycle when 
irAEs occurred. The mechanism behind the ability of NLR 
and PLR to predict the clinical course during ICI treatment 
remains unclear. Alberto et al discussed the possible rea-
sons for this. Fiamma et al previously reported that T cells 
recognized shared lung tumor and skin antigens simulta-
neously; thus, they target both organs, resulting in auto-
immune skin toxic effects during immune checkpoint 
inhibitor therapy.28

Due to the association between blood markers and ICIs 
treatment outcomes, it is quite important to found factors 
that impact the balance between nonspecific inflammation 
and immunoreaction. In this study, we found that prior 
chemotherapy affected baseline levels of blood markers. 
In the clinical setting, oncologists should assess the poten-
tial risk of irAEs in patients who previously underwent 
chemotherapy.

We are aware of the limitations of this study. First, this is 
a retrospective analysis with manual data extraction and 
a relatively small sample size. However, no missing data 
concerning laboratory values and follow-up data were 
encountered in our analysis. There may have also been the 
risk of a patient selection bias. Second, this was a mono- 
centre and real-world study, and most of the enrolled patients 

received PD-1 inhibitors as their second-line treatment or 
beyond. Although prior treatment did not affect the risk of 
irAEs, the baseline blood markers may have been affected by 
previous treatment. Third, as most studies divided NLR and 
PLR values into categorical variables, the absolute values of 
blood marker were used during the statistical analysis pro-
cess. Despite these limitations, the study was unique as the 
first to investigate the dynamic changes in blood markers 
from the beginning of therapy to the occurrence of irAEs.

In conclusion, we have demonstrated an association 
between baseline NLR and PLR and the probability of severe 
irAEs in aNSCLC through a real-world study. Both NLR and 
PLR dramatically decreased before irAEs occurred. NLR and 
PLR are cheap and readily available biomarkers for identify-
ing patients who can benefit from anti-PD-1 antibody treat-
ment. Further prospective studies with adequate sample sizes 
are needed to validate our results.
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