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Introduction

Immunotherapy with immune checkpoint inhibitors 
(ICIs) has become a promising treatment strategy for 
patients with advanced non-small cell lung cancer 
(NSCLC). Nivolumab is an anti-programmed cell death 
protein-1 (PD-1) antibody that has received regulatory 
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cancer (NSCLC) in the early phase of nivolumab monotherapy. Methods: Thirty-one patients with advanced 
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disease (PD) group (n=10, median: 11.91, range 2.04-31.00) (p<0.01). The median PFS and OS for all patients 
were 184 and 540 days, respectively. A higher NLR/1st resulted in a worse DC rate (OR 0.78, p<0.05), and 
was associated with shorter PFS (HR 1.11, p<0.005) and OS (HR 1.12, p<0.0005). A greater increase in NLR, 
from NLR/base to NLR/1st was associated with shorter PFS (HR 2.04, p<0.01) and OS (HR 1.66, p<0.05). 
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worse prognosis than NLR at baseline.
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approval for the treatment of advanced NSCLC patients, 
since it has been shown that treatment with nivolumab 
during or after platinum-based chemotherapy improves 
overall survival (OS) compared to treatment with docetaxel 
in phase Ⅲ trials [1-2]. However, these treatments are 
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costly and might have various associated toxicities, and 
some patients treated with ICIs have only little benefit. 
Therefore, it is necessary to identify predictive biomarkers 
for treatment response. Recent studies have shown that 
the mediators and cellular effectors of inflammation are 
important constituents of the local environment of tumors, 
and immune cells are most commonly associated with 
tumor progression and prognosis [3-4]. The neutrophil-
to-lymphocyte ratio (NLR) is an indicator of systemic 
inflammation and cell-mediated immunity [5]. Previous 
research has found that a pretreatment NLR ≥ 5 was 
significantly associated with poor prognosis compared 
to NLR < 5 [6-7]. Although the baseline NLR is useful, 
few studies have focused on the changes in NLR during 
a series of treatments and their prediction of treatment 
response and prognosis. In this study, we investigated 
the utility of NLR and its relative change during the 
early phase of nivolumab monotherapy in patients with 
advanced NSCLC.

Materials and Methods

Patients and data collection
We performed a retrospective analysis of the electronic 

records of patients with non-resectable NSCLC who 
were treated with nivolumab as monotherapy at the 
Tokyo Saiseikai Central Hospital from January 2016 to 
August 2017. The data included the following: age, sex, 
smoking history, Eastern Cooperative Oncology Group 
Performance Status (ECOG PS), pathological type, 
lines of prior therapy, programmed cell death protein 
ligand-1 (PD-L1) status, clinical or pathological stage, 
baseline complete blood count, molecular profiling for 
epidermal growth factor receptor (EGFR) and anaplastic 
lymphoma kinase (ALK), and history of radiation therapy. 
The patients received nivolumab at a standard dose of 3 
mg/kg per cycle every two weeks. NLR was calculated by 
dividing the absolute neutrophil count with the lymphocyte 
count. We recorded NLR at the baseline (NLR/base) and 
at the first response evaluation (NLR/1st). The former 
was determined using the complete blood count (CBC) 
measured before the first cycle of treatment while the 
latter was determined using the CBC measured 8.3±3.3 
weeks (mean ±SD) after 3.8±1.8 times of nivolumab 
administration. We analyzed the effect of NLR/base, 
NLR/1st, and NLR ratio (NLR/1st to NLR/base) on the 
initial treatment effect. Response to therapy was assessed 
by the treating physician and was classified as progressive 
disease (PD) or disease control (DC) including complete 
response (CR), partial response (PR), stable disease 
(SD) according to the Response Evaluation Criteria in 
Solid Tumors (version 1.1) (RECIST 1.1). Moreover, we 
evaluated for the association between each of these three 
factors and the PFS and OS. 

Statistical analysis
We first investigated the effects of NLR/base, NLR/1st, 

and NLR ratio on disease control (DC) of initial treatment 
using the Wilcoxon signed-rank sum test, Mann-Whitney 
U test, and univariate logistic regression analysis.

Progression-free survival (PFS) was defined as the time 
between the first nivolumab treatment and radiographic 
or clinical progression according to RECIST 1.1. Overall 
survival (OS) was defined as the time between the first 
nivolumab treatment and death due to any cause.

To examine whether each factor contributes to OS 
and PFS, univariate Cox regression analysis and Kaplan-
Meier method were employed. Statistical analyses were 
performed using BellCurve for Excel (Social Survey 
Research Information Co., Ltd., Tokyo, Japan). Statistical 
significance was set at p <0.05.

Ethical approval
The Tokyo Saiseikai Central Hospital Institutional 

Review Board has approved this retrospective analysis 
(#RIN 28-73).

Results

Patient characteristics at baseline and outcomes
Thirty-one patients were included, and their baseline 

characteristics are as follows. The median age was 68 years 
(range:44-84 years). Altogether, 24 patients (77.4%) were 
men, 27 patients (87.1%) had a smoking history, and 4 
patients (12.9%) had an ECOG PS of 2 or higher. Twenty-
three patients (74.2%) had non-squamous histology, and 
16 patients (51.6%) were diagnosed with stage IV cancer. 
Two patients received nivolumab treatment as initial 
chemotherapy, 16 patients (51.6%) received one prior 
systemic chemotherapy, and 13 patients (41.9%) had two 
or more prior systemic chemotherapies. Fourteen patients 
(45.1%) received radiation therapy. In terms of the tumor 
PD-L1 expression, 8 patients (25.8%) had more than 
50% expression, 4 patients (12.9%) had between 1-49% 
expression, 9 patients (29.0%) had no expression, and the 
other patients (32.3%) did not measure PD-L1 expression. 
Oncogenic alterations were detected in 3 patients who had 
EGFR mutations (Table 1). 

The patients underwent the first evaluation of treatment 
response 8.3±3.3 weeks (mean±SD) after 3.8±1.8 times 
of nivolumab administration. Complete response (CR), 
partial response (PR), stable disease (SD), and progressive 
disease (PD) rates were 0%, 19.4% (6 patients), 48.4% (15 
patients), and 32.2% (10 patients), respectively (Table 1). 
The rate of disease control (DC), including PR and SD, 
was 67.8% (21 patients). For the total population, median 
PFS and OS were 184 days (interquartile range: 63-325 
days) and 540 days (interquartile range: 215-1521 days), 
respectively. The five-year survival rate was 20.2% 
(Figure 1a).

NLR at baseline
There was no significant difference between the NLR/

base of the DC and the PD groups (median, range: 4.77, 
0.86-14.3 vs 9.43, 3.33-44.3) (Figure 1c). A higher NLR/
base was associated with shorter OS (hazard ratio [HR] 
1.04, 95% confidence interval [CI] 1.00-1.09, p<0.05) 
(Table 2).
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0.83, p<0.05, and OR 0.15, 95% CI 0.03-0.91, p<0.05, 
respectively). A higher NLR ratio (NLR/1st to NLR/base) 
was associated with a shorter PFS (HR 2.04, 95% CI 
1.23-3.36, p<0.01) and OS (HR 1.66, 95% CI 1.04-2.65, 
p<0.05). NLR/1st>3 was associated with a shorter OS (HR 
6.12, 95% CI 1.75-21.5, p<0.005) (Table 2, Figure 1b).

Discussion

In this study, we investigated the predictive and 
prognostic value of NLR at the initiation of nivolumab 
monotherapy in patients with advanced NSCLC. 
Interestingly, we discovered that NLR at the first response 
evaluation and the change in NLR during treatment from 
baseline may be more useful markers to assess early 
response and predict both progression and prognosis than 
NLR at baseline.

PD-L1 expression is the widely approved and 
most studied biomarker for immunotherapy with 
ICIs in advanced NSCLC; however, it is limited by 
many biological and technical problems in practice. 
In addition, some patients with high PD-L1 expression 
have poor therapeutic benefit from this treatment while 
low or negative PD-L1 has been shown to respond to 
immunotherapy. Therefore, its predictive role remains 
unclear [8]. Predictors of the prognosis and therapeutic 
effect of treatment with ICIs are currently being explored. 
Among these predictors is the NLR, which can be easily 
measured and calculated from existing routine laboratories 
in most medical institutions. Moreover, it can be obtained 
with a simple white blood cell count and routine peripheral 
blood draw, which are relatively inexpensive. Owing 
to these characteristics of NLR, it can be conveniently 
monitored in a timely manner.

It has been reported that in the treatment with ICIs, 
NLR can be a predictor of prognosis and therapeutic 
effect not only at the start of treatment but also thereafter 
[9-10]. The baseline NLR value would stratify patients 
who will respond to ICIs, but the change in NLR could 
be a more useful biomarker. However, further study 
would be needed to validate the latter. In the past, tumor 
characteristics have been the focus of the response to 
ICIs, but host immunity also plays an important role 
in immunotherapy. The NLR is a biological marker of 
systemic inflammation and potentially reflects the balance 
of the immune system. It is also thought to reflect this 
balance in the context of a malignancy; a high NLR 
reflects the depletion of lymphocytes and impairment of 
the host immune response to cancer [9]. Inflammation 
induces cancer, and the increase in neutrophils could be 
a reflection of an inflammatory microenvironment that 
promotes the survival and proliferation of cancer cells [3]. 
Lymphocytes, on the other hand, have immunosuppressive 
activity against tumors, and their presence, especially in 
the tumor microenvironment, is thought to reflect host 
immunity [11]. This pathway consists of the secretion 
and release of various chemokines and cytokines, such as 
helper T-cells producing interleukin-17, which promotes 
neutrophil migration and the differentiation of tissue 
macrophages in the peritumor region into tumor-associated 

NLR at the first evaluation
NLR/1st in the DC group was significantly lower than 

that in the PD group (median, range: 4.36, 0.82-11.3 vs 
11.9, 2.04-31.0; p<0.01). In the DC group, NLR/1st was 
significantly lower than NLR/base (median, range: 4.36, 
0.82-11.3 vs 4.77, 0.86-14.3; p<0.01) (Figure 1c). A higher 
NLR/1st resulted in a lower DC rate (odds ratio [OR] 
0.78, 95%CI 0.63-0.96, p<0.05) and was associated with 
shorter PFS (HR 1.11, 95% CI 1.04-1.18, p<0.005) and 
OS (HR 1.12, 95% CI 1.06-1.19, p<0.0005). An increase 
in NLR/base to NLR/1st and an NLR/1st>5 were both 
associated with a worse DC rates (OR 0.16, 95% CI 0.03-

Age (years) Median (Range) 68
Number

Gender Male 24
Female 7

Smokig history Smoker 27
Never smoker 4

ECOG PS 0 or 1 27
2 2
3 2

Histology Adenocarcinoma 18
Squamous cell 

carcinoma
8

Others 5
Tumor Stage ⅢA 3

ⅢB 9
Ⅳ 16

Recurrent 3
Lines of therapy 1 2

2 16
3 4
4 3
5 5
6 1

Radiation therapy Undergone 14
None 17

PD-L1 expression, % 0 9
1-4 0
5-9 1

10-49 3
50≤ 8

Not examined 10
Targetable driver mutations EGFR 3

ALK 0
None 24

Not examined 4
Response CR 0

PR 6
SD 15
PD 10

Table 1. Patient and Disease Characteristics (N=31) 
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macrophages (TAM) [12]. Moreover, this was suggested 
to contribute to the mechanism of resistance to PD-1 
blockade [13]. The decline in NLR before and after 
treatment may reflect a microenvironment that favors the 
activation of cellular immunity or the manifestation of 
ICIs. During treatment with ICIs, a therapeutic response 
may appear after tumor growth or the appearance of new 
lesions (called pseudo-progression), and it is important 
to distinguish between pseudo and true progression. 
The frequency of pseudoprogression was reported at 
3% of all 542 NSCLC patients treated with nivolumab 
monotherapy and 5% of patients with advanced disease 
[14]. Chemotherapy can regulate antitumor T cell 
response and induce tumor cell death eliciting systemic 
and intratumoral immune responses, contributing to the 
antitumor immunity. Considering this synergistic effect of 
chemotherapy after ICIs, it is important to identify true 
progressive disease and move to an alternative regimen 
early. In a case-control study, it has been reported that 
patients with high post-treatment NLR have a true 
progressive disease [15]. This suggests that the changes 

in the NLR overtime may be useful in distinguishing 
between pseudo and true progression.

There are several limitations to our study, including 
its retrospective nature and the heterogeneous patient 
status. Most patients received nivolumab as second-line 
treatment while some received first-line treatment and 
third-line or later treatment, so potential selection bias 
may be latent. Survival analysis was performed after 
the start of nivolumab administration, but the follow-up 
period may be inadequate. The correlation between NLR 
and PD-L1 expression is unclear, as three-quarters of 
patients have not undergone PD-L1 testing. This was 
an observational study conducted in a single facility 
with a small number of patients, and the results 
cannot be regarded as definitive. In practice, various 
causes, including bone marrow activity, infection, and 
malnutrition, drive the decline of NLR by the decrease 
in neutrophils, which could impact prognosis on their 
own. Further studies regarding the relationship between 
NLR change and tumor microenvironment, medication 
interactions, infection, nutrition status, microbiota, line of 

DCR PFS OS
OR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

NLR/base 0.85 (0.71-1.00) 0.055 1.03 (0.98-1.08) 0.258 1.04 (1.00-1.09) <0.05
NLR/1st 0.78 (0.63-0.96) <0.05 1.11 (1.04-1.18) <0.005 1.12 (1.06-1.19) <0.0005
NLR ratio (NLR/1st to NLR/base)
NLR/1st>5 0.44 (0.15-1.30) 0.435 2.04 (1.23-3.36) <0.01 1.66 (1.04-2.65) <0.05
NLR/1st>3 0.15 (0.03-0.91) <0.05 2.59 (0.84-8.06) 0.099 6.12 (1.75-21.5) <0.005
Change in NLR/base to NLR/1st
Increase 0.16 (0.03-0.83) <0.05 2.08 (0.82-5.31) 0.125 1.75 (0.74-4.16) 0.203

Table 2. Association of NLR/base, NLR/1st, and Change between them with Treatment Outcomes in Univariate 
Logistic and Cox Regression Analyses

ECOG PS, Eastern Cooperative Oncology Group Performance Status; PD-L1, programmed cell death protein ligand-1; EGFR, epidermal growth 
factor receptor; ALK, anaplastic lymphoma kinase; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; NLR, 
neutrophil-to-lymphocyte ratio; NLR/base, NLR at the baseline; NLR/1st, NLR at the first response evaluation; DCR, disease control rate; OR, 
odds ratio; 95% CI, 95% confidence interval; PFS, progression-free survival; HR, hazard ratio; OS, overall survival. 

Figure 1. Kaplan-Meier Survival Curves for Overall Survival (OS). (a) All patients, (b) solid line, patients with 
neutrophil-to-lymphocyte ratio assessed at the first response evaluation (NLR/1st) <3; dashed line, patients with 
NLR/1st ≥ 3, p < 0.005 by log-rank test. (c) Neutrophil-to-lymphocyte ratio (NLR) in disease control (DC) and 
progressive disease (PD) groups. Median with interquartile range. NLR/base: NLR assessed at the baseline, *p<0.01 
by Wilcox signed-rank test, #p<0.01 by Mann-Whitney U test.

(a) (b) (c) 
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therapy, and immune-related adverse events need to be 
done. Prospective studies with a larger patient cohort 
are also needed for validation. However, the correlation 
between the changes in NLR after initiation of nivolumab 
monotherapy and the treatment response or prognosis is 
statistically significant and may be worth exploring.

In conclusions, in NSCLC patients receiving 
nivolumab, elevated NLR at the first response evaluation 
and an inclined change in NLR during treatment from 
baseline may be useful markers to assess early response 
and predict both progression and prognosis. This study is 
retrospective and the correlation between NLR and PD-L1 
expression is unclear. However, this NLR can be easily 
measured and may be useful in distinguishing between 
pseudo and true progression. Moreover, these might have 
the potential to aid clinical decision-making for continuing 
immunotherapy.
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