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Background: Neutrophil-to-lymphocyte ratio (NLR) has recently attracted attention as a prognostic 
predictor in patients with non-small cell lung cancer (NSCLC) who receive immune checkpoint inhibitors 
(ICIs). However, the utility of NLR in relation to cytotoxic anticancer drugs or molecular targeted drugs 
remains unclear. We determined if NLR could predict the treatment efficacy and prognosis in NSCLC 
patients who receive cytotoxic anticancer drugs or molecular targeted drugs, as well as ICIs, in a cross-
sectional manner.
Methods: Of 658 patients with advanced NSCLC who received first-line systemic treatment in our hospital 
between 2008 and 2019, 312 who met the analytical criteria were included in the study. We retrospectively 
analyzed the ability of NLR with a cut-off value of 5 to predict time to treatment failure (TTF) and overall 
survival (OS) in patients who received the following treatments: first-line treatment with molecular targeted 
drugs (mt group, n=100); first-line treatment with cytotoxic anticancer drugs (wt group, n=212); and first-
line treatment with cytotoxic anticancer drugs followed by ICIs (ICI group, n=58).
Results: In the high- and low-NLR mt subgroups, median TTFs were 6.7 and 14.9 months (P<0.01), 
respectively, and median survival times (MSTs) were 17.8 and 39.1 months (P<0.01), respectively. In the 
high- and low-NLR wt subgroups, median TTFs were 1.5 and 5.8 months (P<0.01), and MSTs were 6.3 and 
20.7 months (P<0.01), respectively. In the high- and low-NLR ICI subgroups, median TTFs were 1.3 and  
6.8 months (P<0.01), and MSTs were 9.2 and 25.8 months (P<0.01), respectively. Multivariate analysis 
identified NLR as a significant independent predictor of TTF [hazard ratio (HR) 1.89, P=0.01; HR 2.51, 
P<0.01; and HR 5.06, P<0.01 in the mt, wt, and ICI groups, respectively) and OS (HR 3.81, P<0.01; HR 2.59, 
P<0.01; and HR 2.48, P<0.01, respectively).
Conclusions: This study showed that NLR might be a predictor of treatment efficacy and prognosis in 
advanced NSCLC patients who receive various systemic treatments. This finding of consistent applicability 
of NLR to a wide variety of systemic treatments is of great significance.
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Introduction

Lung cancer remains the leading cause of cancer-related 
death worldwide (1). However, treatment outcomes 
of patients with lung cancer have improved since the 
introduction of immune checkpoint inhibitors (ICIs) in 
2015. ICIs have not only improved the prognosis of lung 
cancer, but of many other cancers, such as malignant 
melanoma and renal cell carcinoma, and also have revealed 
a new finding that some patients can have a durable 
response as if the disease has been cured. Despite this 
accomplishment, however, responses to ICIs vary among 
patients (2).

Among ICIs ,  PD-(L)1  inhib i tors  which b lock 
PD-1 pathway for cancer immunotherapy, have been 
demonstrated to be effective for advanced non-small 
cell lung cancer (NSCLC) in large phase III studies  
(3-5). Nonetheless, only approximately 20% of patients 
had a long-term response, and 30–40% of patients had 
no response (3,4,6). While the expression of PD-L1, as a 
biomarker for PD-(L)1 inhibitors, correlates with prolonged 
survival, PD-(L)1 inhibitors have also been shown to be 
effective in PD-L1-negative patients, and therefore PD-
L1 is insufficient as a reliable marker for selecting patients 
(3,4,7). This uncertainty is attributable to changes in PD-L1 
expression over time, heterogeneous PD-L1 expression in 
tumor tissues, and non-standardized assessment approaches 
for companion diagnostics in immunostaining for PD-L1. 
Other possible biomarkers of ICI efficacy include tumor 
mutation burden, which seems promising but has not been 
clinically validated (8). There is thus an increasing need to 
identify novel biomarkers suitable for patient selection.

The tumor microenvironment, which is mostly composed 
of invading inflammatory cells, has recently been shown to 
be deeply involved in the mechanisms of tumor progression, 
such as tumor growth and metastasis (9). More specifically, 
lymphocytes, as an inflammatory cell component, play a 
role in antitumor immunity and therefore are widely used 
as a measure of immunocompetence (10,11). Conversely, 
neutrophils, as another inflammatory cell component 
augmented in response to inflammation, induce the 
production of chemokines and cytokines, which enhance 
tumor growth, invasion, and angiogenesis, and therefore 
are recognized as a factor connecting inflammation to 
tumor progression (12,13). The neutrophil-to-lymphocyte 
ratio (NLR), the ratio of these two components, is a 
convenient inflammatory parameter based only on blood 
cell components, in addition to other blood cell-based 

inflammatory markers such as platelet-to-lymphocyte ratio 
and monocyte-to-lymphocyte ratio. Among them, the most 
cumulative evidence is currently available for NLR.

Before the advent of immunotherapy in 2015, NLR was 
clinically studied as a measure of the systemic inflammatory 
reaction in critically ill patients with benign diseases and as a 
prognostic predictor of malignant diseases (14). The utility 
of NLR as a prognostic predictor in malignant diseases 
has mainly been reported in relation to surgical therapy or 
radiotherapy, and few reports have investigated its use for 
predicting the efficacy or prognosis of systemic treatments 
with cytotoxic anticancer drugs or molecular targeted drugs 
(15-18). After the advent of immunotherapy, however, it 
has increasingly been suggested that NLR might be able 
to predict the efficacy and prognosis in relation to systemic 
treatment with ICIs (19,20). 

We therefore conducted a comprehensive cross-sectional 
cohort study to determine if pretreatment NLR could 
predict the treatment efficacy and prognosis of various 
systemic treatments, including not only ICIs but also 
cytotoxic anticancer drugs and molecular targeted drugs, in 
patients with advanced NSCLC.

We present the following article in accordance with the 
REMARK reporting checklist (available at http://dx.doi.
org/10.21037/tlcr-20-777).

Methods

Patient population

Patients with stage IIIB/IV NSCLC who received first-
line systemic treatment at Teikyo University Hospital 
between January 2008 and March 2019 were included in 
the study. Lung cancer was staged according to the TNM 
classification, 7th edition (21). The following information 
was extracted from electronic medical charts: age, sex, 
smoking history, Eastern Cooperative Oncology Group 
performance status (ECOG PS), hematology (neutrophil 
count and lymphocyte count), presence or absence of 
epidermal growth factor receptor (EGFR) mutation, 
first-line treatment (cytotoxic anticancer drugs or EGFR 
inhibitors), presence or absence of ICI treatment in the 
entire treatment course, time to treatment failure (TTF) 
for each drug, and overall survival (OS). Furthermore, 
with cytotoxic anticancer drugs, it was investigated 
whether the regimen was platinum-based doublet or 
monochemotherapy. With regard to EGFR inhibitors, the 
generation of EGFR-TKI and the type of EGFR mutation 
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(Ex19del/L858R/minor mutation) were examined. In 
patients who received ICIs, the best response to previous 
systemic treatment and PD-L1 expression were evaluated.

The following patients were excluded from the 
analysis: those with multiple cancers; those who received 
concomitant radiotherapy; those who received the first 
dose of EGFR inhibitor as second-line or later treatment; 
those with ALK translocation; those who received first-line 
treatment with ICI; those with active infection immediately 
before first-line treatment; those continuously receiving 
systemic immunosuppressive therapy; and those with 
insufficient patient information.

For patients  who received f irst- l ine treatment 
with cytotoxic anticancer drugs or EGFR inhibitors, 
hematological data collected within 1 week before the first-
line treatment were used. For patients who received ICIs, 
data collected within 1 week before the treatment were 
used, regardless of the line of therapy.

Patients included in the analysis were classified into 
patients who received first-line treatment with EGFR 
inhibitors (mutant-type group: mt group) and patients 
who received first-line treatment with cytotoxic anticancer 
drugs (wild-type group: wt group). Using an NLR cut-
off value of 5 based on previous reports, each group was 
further classified into high-NLR (NLR ≥5) and low-NLR 
subgroups (NLR <5) (19,20).

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study was 
approved by the Teikyo University Ethical Review Board 
for Medical and Health Research Involving Human Subjects 
(approved number: 19-146). Due to its retrospective design, 
informed consent specifically for this study was not required 
by the Ethical Review Board. For protection of the patient’s 
personal data, only anonymized data have been used for the 
analyses of this study.

Statistical methods

The baseline characteristics of patients were compared 
between the two subgroups using the chi-square test. TTF 
and OS were estimated using the Kaplan-Meier method 
and compared between the two subgroups using the log-
rank test. TTF was defined as the time from the start date 
of treatment to the start date of the next treatment or 
treatment discontinuation for any reason. OS was defined 
as the time from the start date of treatment to the date of 
death. TTF and OS were censored at the date of the last 
follow-up when patients were receiving treatment and 

were alive, respectively. Multivariate analysis using a Cox 
proportional-hazards regression model was performed to 
identify predictors of treatment efficacy and prognosis. 
In multivariate analysis, PD-L1 status as independent 
variable was defined as positive if PD-L1 expression was 
≥1%. Otherwise, it was defined as negative. A P value <0.05 
indicated a significant difference. All statistical analyses 
were performed using EZR software, version 1.36 (Saitama 
Medical Center, Jichi Medical University, Saitama, Japan).

Results

Patient characteristics

A flow diagram of the study is presented in Figure 1. Of 658 
extracted patients, 312 were included in the analysis. There 
were 100 patients in the mt group and 212 in the wt group.

The baseline characteristics of the patients are presented 
in Table 1. In the mt group, there were no differences 
in background factors between the high- and low-NLR 
subgroups, and no patients had squamous cell carcinoma or 
used ICIs. In contrast, the wt group included significantly 
more men (P<0.01), smokers (P=0.01), and patients with 
poor PS (P<0.01) in the high-NLR subgroup compared 
with the low-NLR subgroup.

Relationships between NLR and TTF/OS in mt group

In the mt group, the median TTF and median survival time 
(MST) were 11.5 and 27.4 months, respectively.

The median TTF was significantly lower in the high-
NLR subgroup (6.7 months, n=33) compared with the low-
NLR subgroup (14.9 months, n=67) (log-rank test, P<0.01) 
(Figure 2A).

Regarding OS, the MST was significantly lower in the 
high-NLR subgroup (17.8 months, n=33 compared with 
the low-NLR subgroup (39.1 months, n=67) (log-rank test, 
P<0.01) (Figure 2B).

Relationships between NLR and TTF/OS in wt group

In the wt group, the median TTF and MST were 4.4 and 
14.5 months, respectively.

The median TTF was significantly lower in the high-
NLR subgroup (1.5 months, n=61) compared with the low-
NLR subgroup (5.8 months, n=151) (log-rank test, P<0.01) 
(Figure 3A).

The MST for OS was significantly lower in the high-
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Figure 1 Flow diagram of patients through the study. NSCLC, non-small cell lung cancer; NLR, neutrophil-to-lymphocyte ratio; ICI, 
immune checkpoint inhibitor; EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase.

Stage IIIB–IV NSCLC treated with chemotherapy (n=658)

NLR analysis evaluated (n=312)

Mutant-type group (n=100) Wild-type group (n=212)

NLR <5 
(n=67)

NLR <5 
(n=151)

NLR ≥5 
(n=33)

NLR ≥5 
(n=61)

Excluded (n=334)
• Patients with multiple cancers (n=112)
• Patients who received concomitant radiotherapy (n=53)
• Patients who received the first dose of EGFR inhibitor as second-

line or later treatment (n=10)
• Patients with ALK translocation (n=12)
• Patients who received ICI in the initial treatment (n=18)
• Patients with active infection immediately before first-line treatment 

(n=20)
• Patients continuously receiving systemic immunosuppressive 

therapy (n=13)
• Patients with insufficient patient information (n=108)

Table 1 Baseline characteristics

Total
Mutant-type group Wild-type group

NLR <5 NLR ≥5 P NLR <5 NLR ≥5 P

Number of cases 312 67 33 151 61

Age (mean ± standard deviation) 69.6±10.3 69.7±10.8 72.8±11.0 0.18 69.7±9.7 67.7±10.5 0.20

Sex (male/female) 206/106 26/41 16/17 0.39 108/43 56/5 <0.01

Smoking† (yes vs. no) 218/94 25/42 16/17 0.38 120/31 57/4 0.01

Histology (non-sq/sq) 250/62 67/0 33/0 1.00 102/49 48/13 0.13

ECOG PS (0–1/≥2) 222/90 47/20 22/11 0.81 125/26 28/33 <0.01

EGFR mutation (Del 19/L858R/minor mutation) 39/56/5 25/38/4 14/18/1 0.82

EGFR-TKIs (gefitinib/erlotinib/afatinib/osimertinib) 63/13/11/13 43/8/9/7 20/5/2/6 0.51

1st line cytotoxic anticancer drugs  
(platinum-based doublet/monotherapy)

170/42 119/32 51/10 0.56

ICI treatment (yes/no) 58/154 42/109 16/45 0.86

Best response to previous therapy before ICI  
(CR/PR/SD/PD)

1/20/17/20 0/17/14/11 1/3/3/9 0.04

PD-L1 expression (≥50%/1–49%/<1%/unknown) 12/18/16/12 9/15/10/8 3/3/6/4 0.56
†, history of >10 pack years. NLR, neutrophil-to-lymphocyte ratio; sq, squamous; ECOG PS, Eastern Cooperative Group performance 
status; ICI, immune checkpoint inhibitor.
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Figure 2 Kaplan-Meier curves of time to treatment failure (TTF) and overall survival (OS) in patients with mutant-type non-small cell lung 
cancer treated with epidermal growth factor receptor/anaplastic lymphoma kinase inhibitors as first-line setting. Comparison of (A) TTF 
and (B) OS according to neutrophil-to-lymphocyte ratio. NLR, neutrophil-to-lymphocyte ratio; MST, median survival time.
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Figure 3 Kaplan-Meier curves of time to treatment failure (TTF) and overall survival (OS) in patients with wild-type non-small cell lung 
cancer treated with cytotoxic drugs as first-line setting. Comparison of (A) TTF and (B) OS according to neutrophil-to-lymphocyte ratio. 
NLR, neutrophil-to-lymphocyte ratio; MST, median survival time.
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NLR subgroup (6.3 months, n=61) compared with the 
low-NLR subgroup (20.7 months, n=151) (log-rank test, 
P<0.01) (Figure 3B).

Relationships between NLR and TTF/OS in patients 
treated with ICI

In all ICI-treated patients (n=58), the median TTF and 
MST were 4.2 and 24.0 months, respectively.

The median TTF was significantly lower in the high-
NLR subgroup (1.3 months, n=16) compared with the low-
NLR subgroup (6.8 months, n=42) (log-rank test, P<0.01) 

(Figure 4A).
The MST for OS was significantly lower in the high-

NLR subgroup (8.8 months, n=16) compared with the low-
NLR subgroup (27.1 months, n=42) (log-rank test, P<0.01) 
(Figure 4B).

Predictive factors for TTF/OS in mt group

In the mt group, multivariate analysis identified ECOG 
PS [hazard ratio (HR): 2.29, 95% confidence interval (CI): 
1.38–3.80; P<0.01], EGFR minor mutation [HR: 3.88, 95% 
CI: 1.42–10.62; P<0.01], and NLR (HR: 1.89, 95% CI: 
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Figure 4 Kaplan-Meier curves of time to treatment failure (TTF) and overall survival (OS) in patients with wildtype non-small cell lung 
cancer treated with immune checkpoint inhibitors after first-line setting. Comparison of (A) TTF and (B) OS according to neutrophil-to-
lymphocyte ratio. NLR, neutrophil-to-lymphocyte ratio; MST, median survival time.
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1.15–3.09; P=0.01) as significant independent predictors of 
TTF (Table 2).

Similarly, ECOG PS (HR: 4.09, 95% CI: 2.19–7.66; 
P<0.01) and NLR (HR: 3.81, 95% CI: 2.06–7.05; P<0.01) 
were identified as significant independent predictors of OS 
(Table 2).

Predictive factors for TTF/OS in wt group

In the wt group, multivariate analysis identified Histology 
(HR: 1.43, 95% CI: 1.02–2.01; P=0.03) , ECOG PS (HR: 
1.89, 95% CI: 1.36–2.64; P<0.01) and NLR (HR: 2.51, 95% 
CI: 1.77–3.58; P<0.01) as significant independent predictors 
of TTF (Table 3).

Similarly, ECOG PS (HR: 1.97, 95% CI: 1.36–2.86; 
P<0.01), NLR (HR: 2.59, 95% CI: 1.73–3.87; P<0.01), 1st 
line cytotoxic anticancer drugs (HR: 2.00, 95% CI: 1.25–
3.21; P<0.01), and ICI treatment (HR: 2.36, 95% CI: 1.55–
3.61; P<0.01) were identified as significant independent 
predictors of OS (Table 3).

Predictive factors for TTF/OS in patients treated with ICI

In ICI-treated patients, multivariate analysis identified NLR 
(HR: 5.06, 95% CI: 2.08–12.3; P<0.01) and best response to 
previous therapy (HR: 3.77, 95% CI: 1.66–8.55; P<0.01) as 
significant independent predictors of TTF (Table 4).

Similarly, Sex (HR: 4.99, 95% CI: 1.30–19.0; P=0.01), 
ECOG PS (HR: 2.93, 95% CI: 1.13–7.56; p = 0.02), NLR 

(HR: 2.48, 95% CI: 1.02–5.98; P=0.04), best response to 
previous therapy (HR: 6.29, 95% CI: 2.41–16.40; P<0.01), 
and PD-L1 expression (HR: 2.72, 95% CI: 1.17–6.31; 
P=0.01) were identified as significant independent 
predictors of OS (Table 4).

Discussion

This study showed that NLR might be a significant 
independent predictor of TTF and OS in patients with 
advanced NSCLC who receive a variety of systemic 
treatments, including cytotoxic anticancer drugs, molecular 
targeted drugs, and ICIs, based on a consistent cut-off 
value.

According to the concept of cancer immunoediting, 
clinical cancer progression is described as the growth 
of cancer cells escaping from the immune surveillance  
system (22). In this situation, PD-L1 on cancer cells may 
act as an escape molecule for these cells when they are 
attacked by lymphocytes. ICIs may therefore be expected 
to exert significant antitumor effects by reactivating 
lymphocytes in tumors that depend on PD-L1 to escape 
from lymphocyte attack. However, PD-L1 expression is 
not always a predictor of treatment efficacy or prognosis 
for ICI in the clinical setting, and a more reliable predictor 
is therefore required. On the other hand, neutrophils, 
which are augmented in response to inflammation, 
induce the production of reactive oxygen species and 
chemokines, such as tumor necrosis factor-α, interleukin 
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Table 2 Multivariate Cox proportional hazards model analysis for TTF and OS in patients with mutant-type non-small cell lung cancer

TTF OS

HR 95% CI P HR 95% CI P

Age (< 70 vs. ≥ 70 years) 0.78 0.46–1.34 0.38 1.51 0.78–2.93 0.21

Sex (female vs. male) 1.08 0.59–1.99 0.78 1.13 0.56–2.31 0.72

Smoking† (no vs. yes) 0.92 0.48–1.76 0.81 0.8 0.35–1.80 0.59

ECOG PS (0–1 vs. ≥ 2) 2.29 1.38–3.80 <0.01 4.09 2.19–7.66 <0.01

Type of EGFR mutation

EGFR Ex19del 1.00 1.00

L858R 1.44 0.88–2.34 0.13 1.14 0.62–2.06 0.66

Minor mutation 3.88 1.42–10.62 <0.01 1.70 0.57–5.01 0.33

Generation of EGFR-TKI

1st generation (gefitinib/erlotinib) 1.00 1.00

2nd generation (afatinib) 1.06 0.44–2.57 0.88 2.07 0.71–6.06 0.18

3rd generation (osimertinib) 2.43 0.85–6.93 0.09 3.34 0.97–11.47 0.05

NLR (< 5 vs. ≥5) 1.89 1.15–3.09 0.01 3.81 2.06–7.05 <0.01
†, history of >10 pack years. TTF, time to treatment failure; OS, overall survival; HR, hazard ratio; ICI, confidence interval; ECOG PS, 
Eastern Cooperative Group performance status; NLR, neutrophil-to-lymphocyte ratio.

Table 3 Multivariate Cox proportional hazards model analysis for TTF and OS in patients with wild-type non-small cell lung cancer

TTF OS

HR 95% CI P HR 95% CI P

Age (< 70 vs. ≥ 70 years) 0.87 0.61–1.26 0.47 0.77 0.51–1.18 0.24

Sex (female vs. male) 0.80 0.53–1.21 0.29 0.93 0.58–1.47 0.75

Smoking† (no vs. yes) 1.59 0.95–2.65 0.07 1.60 0.92–2.78 0.09

Histology (non-sq vs. sq) 1.43 1.02–2.01 0.03 1.04 0.70–1.54 0.81

ECOG PS (0–1 vs. ≥2) 1.89 1.36–2.64 <0.01 1.97 1.36–2.86 <0.01

NLR (<5 vs. ≥5) 2.51 1.77–3.58 <0.01 2.59 1.73–3.87 <0.01

1st line cytotoxic anticancer drugs  
(platinum-based doublet/monotherapy)

1.52 0.96–2.38 0.06 2.00 1.25–3.21 <0.01

ICI treatment (yes vs. no) 2.36 1.55–3.61 <0.01
†, history of >10 pack years. TTF, time to treatment failure; OS, overall survival; HR, hazard ratio; CI, confidence interval; sq, squamous; 
ECOG PS, Eastern Cooperative Group performance status; NLR, neutrophil-to-lymphocyte ratio; ICI, immune checkpoint inhibitor.

(IL)-1/-6/-8, interferon α, granulocyte-colony stimulating 
factors (G-CSFs), and granulocyte-macrophage-colony 
stimulating factors (GM-CSFs), which enhance tumor 
growth, invasion, and angiogenesis, and are therefore 
recognized as a factor connecting inflammation to tumor 
progression (12,13,23,24). Hence, NLR, the ratio between 

lymphocytes, which play a central role in antitumor 
immunity, and neutrophils, which are deeply involved in 
tumor progression, may affect the efficacy of ICIs.

Indeed, it was first shown in 2015 that NLR before 
ipilimumab therapy was highly correlated with progression-
free survival (PFS) and OS in patients with malignant 
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Table 4 Multivariate Cox proportional hazards model analysis for TTF and OS in patients with wild-type non-small cell lung cancer treated with 
ICIs

TTF OS

HR 95% CI P HR 95% CI P

Age (<70 vs. ≥70 years) 0.61 0.27–1.36 0.23 0.98 0.37–2.55 0.96

Sex (female vs. male) 2.40 0.87–6.61 0.08 4.99 1.30–19.0 0.01

Smoking† (no vs. yes) 0.43 0.14–1.28 0.13 0.43 0.11–1.67 0.22

Histology (non-sq vs. sq) 0.98 0.46–2.09 0.96 0.43 0.16–1.16 0.09 

ECOG PS (0–1 vs. ≥2) 1.43 0.64–3.16 0.37 2.93 1.13–7.56 0.02 

NLR (<5 vs. ≥5) 5.06 2.08–12.3 <0.01 2.48 1.02–5.98 0.04

1st line cytotoxic anticancer drugs  
(platinum-based doublet vs. monochemotherapy)

0.95 0.45–1.98 0.89 2.12 0.91–4.96 0.08

Best response to previous therapy before ICI  
(non-PD vs. PD)

3.77 1.66–8.55 <0.01 6.29 2.41–16.40 <0.01

PD-L1 expression (positive vs. negative) 1.77 0.85–3.67 0.12 2.72 1.17–6.31 0.01

ICI treatment line (2nd/3rd vs. later) 1.16 0.39–3.41 0.78 0.30 0.07–1.16 0.09
†, history of >10 pack years. TTF, time to treatment failure; OS, overall survival; HR, hazard ratio; CI, confidence interval; sq, squamous; 
ECOG PS, Eastern Cooperative Group performance status; NLR, neutrophil-to-lymphocyte ratio; ICI, immune checkpoint inhibitor.

melanoma (20). More recently, it was reported that 
pretreatment NLR was significantly correlated with OS 
in lung cancer patients treated with nivolumab (19,25). 
Interestingly, a prospective study exploring prognostic 
predictors for nivolumab in patients with lung cancer 
showed a significantly better prognosis in patients with 
pretreatment NLR <5 (n=7) than in patients with NLR 
≥5 (n=5), irrespective of high expression of PD-L1 (n=12) 
[MST: 11.9 months (NLR <5) vs. 3.2 months (NLR ≥5), 
P=0.0003] (26). These findings indicated that NLR before 
ICI treatment might be a convenient surrogate marker for 
the host’s immune status.

In addit ion to NLR before ICI treatment,  the 
relationship between NLR before molecular targeted 
therapy and prognosis has been investigated (27-32). It is 
conventionally assumed that cancer cell growth induced by 
driver gene alterations such as EGFR mutation and ALK 
translocation is primarily dependent on the activation 
of intracellular signaling and is largely unaffected by the 
cancer microenvironment, which is related to antitumor 
immunity. Nonetheless, the results of our current study 
suggested that NLR, which may reflect the cancer 
microenvironment, predicted the efficacy of EGFR/ALK 
inhibitors in the mt group. This may be explained by 
several hypotheses. Molecular targeted drugs tended to 

normalize neutrophil inflammatory markers such as GM-
CSF, G-CSF, and IL-1/-6G in patients with NSCLC (33). 
In addition, since EGFR is also expressed on regulatory 
T cells, a subset of T cells, there is a possible mechanism 
by which EGFR inhibitors may stimulate cytotoxic T 
cells to attack lung cancer cells by inhibiting the activity 
of regulatory T cells (34). Due to the aforementioned 
involvement of molecular targeted drugs in the cancer 
microenvironment, NLR, as an indicator of activation 
of immunocompetent cells, may serve as a predictor of 
treatment efficacy and prognosis in patients with lung 
cancer induced by driver gene alterations. Further studies 
are required to clarify the effect of molecular targeted 
drugs on the cancer microenvironment.

With cytocidal effects primarily targeting DNA and 
microtubules in cancer cells, cytotoxic anticancer drugs 
have played a central role in cancer systemic treatment. In 
recent years, however, the immunotherapeutic properties 
of cytotoxic anticancer drugs, as well as molecular 
targeted drugs, are attracting attention. More specifically, 
immunogenic cell death, by which cancer cells killed by 
cytotoxic anticancer drugs release an antigen that in turn 
stimulates dendritic cells to activate cytotoxic T cells, is 
attracting increasing attention (35). Cytotoxic anticancer 
drugs have also been shown to exert antitumor effects by 
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inducing cancer cells to produce type I interferon (36). 
This means that type I interferon-induced release of 
various antitumor chemokines may stimulate dendritic 
cells to activate cytotoxic T cells. In addition, cytotoxic 
anticancer drugs have been reported to directly inactivate 
immunosuppressive cells such as regulatory T cells and 
myeloid-derived suppressor cells, which are known to be 
activated in cancer patients (37). The role of NLR as a 
predictor of treatment efficacy and prognosis for cytotoxic 
anticancer drugs, as well as for molecular targeted drugs, 
remains to be clarified. However, the existence of the 
aforementioned multiple antitumor immune systems, 
which are primarily led by lymphocytes, suggests that NLR 
may indeed serve as a predictor of treatment efficacy and 
prognosis for cytotoxic anticancer drugs.

To the best of our knowledge, four previous meta-
analyses have addressed the cut-off value for NLR as a 
prognostic predictor in patients with lung cancer, and 
all four proposed an optimal cut-off value of 5 (38-41). 
However, differences in the patient population (small cell 
lung cancer, NSCLC, early stage, and advanced stage) 
and treatment (surgical therapy, radiotherapy, systemic 
treatment, and type of systemic treatment) among the 
articles analyzed in these meta-analyses indicate the need 
for caution when interpreting the results. On the other 
hand, a meta-analysis exclusively in patients with advanced 
NSCLC who received systemic treatment with cytotoxic 
anticancer drugs, molecular targeted drugs, or ICIs showed 
the utility of NLR by comprehensively analyzing studies 
reporting different cut-off values, regardless of the type of 
systemic treatment (42). With no established cut-off value, 
the significance of NLR as a predictor of treatment efficacy 
and prognosis was evaluated in multiple clinical studies 
conducted to verify the efficacy of nivolumab in advanced 
NSCLC (19,25,26,43). All studies showed significantly 
shorter PFS and OS in patients with high NLR based on a 
cut-off value of 5. We therefore employed an NLR cut-off 
value of 5 in the current study, and showed that NLR may 
be a useful predictor of treatment efficacy and prognosis 
in patients with advanced NSCLC who receive any of the 
tested systemic treatments, including cytotoxic anticancer 
drugs, molecular targeted drugs, and ICIs, based on the 
same cut-off value. We believe that our novel finding of 
consistent applicability of NLR, which is readily and rapidly 
available in clinical settings, to a wide variety of systemic 
treatments is of great significance.

Our study has several limitations. First, since it was a 

single-center retrospective study, it cannot be denied that 
various biases may have influenced the results. Indeed, 
previous reports on NLR had the problem that NLR 
might be greatly affected by biases resulting from lack of 
patient entry criteria, including treatment line of systemic 
treatment (38-41). We therefore made notable efforts 
to eliminate potential biases affecting the NLR by only 
selecting patients who received first-line treatment with 
cytotoxic anticancer drugs or molecular targeted drugs, and 
excluding patients with active infection immediately before 
first-line treatment and patients continuously receiving 
systemic immunosuppressive therapy. Second, since only a 
limited number of patients received first-line treatment with 
ICI when our case database was constructed, only patients 
who received second-line or later treatment with ICI were 
included in this study. Currently, first-line treatment with 
ICI alone or in combination with cytotoxic anticancer drugs 
is widely used as a standard treatment in clinical settings. In 
the future, combinations of ICIs are likely to be used as a 
standard treatment. It will therefore be necessary to verify 
the utility of NLR in relation to these first-line treatments, 
which were not included in the present study. Third, this 
study did not investigate the clinical relationship between 
PD-L1 and NLR, although it is currently standard practice 
to measure PD-L1 before first-line treatment of advanced 
NSCLC. This was because only a limited number of 
patients were analyzed for PD-L1 when our case database 
was constructed. To enhance the utility of NLR, it will 
be necessary to determine the relationship between NLR 
and PD-L1, which is now routinely measured in clinical 
settings.

Conclusions

The present study showed that NLR might be a useful 
predictor of treatment efficacy and prognosis in patients 
with advanced NSCLC who receive a range of systemic 
treatments, including cytotoxic anticancer drugs, molecular 
targeted drugs, and ICIs. The novel finding that NLR, 
which is a readily available and rapid measure in clinical 
settings, is consistently applicable to a wide variety of 
systemic treatments is of great significance for the treatment 
of patients with advanced NSCLC.
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