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Abstract
We investigated inflammatory markers such as the neutrophil-to-lymphocyte ratio (NLR) that may predict the response 
to anti-PD-1 (programmed cell death protein 1) antibody therapy. Data from 54 patients with non-small cell lung cancer 
(NSCLC) treated with anti-PD-1 antibodies were retrospectively analyzed. The NLR was assessed at baseline and 6 weeks 
after the start of treatment (post-treatment). Eighteen of 54 patients (33.3%) had objective responses to treatment. Older age, 
absence of brain metastasis, low post-treatment NLR (< 5), and immune-related adverse events were significantly associ-
ated with response. Patients with a high post-treatment NLR (≥ 5) had significantly shorter progression-free survival (PFS) 
than those with a low post-treatment NLR (median, 1.3 vs. 6.1 months, p < 0.001). Multivariate analysis demonstrated that 
high post-treatment NLR [hazard ratio (HR) 15.1, 95% confidence interval (CI) 1.5–50.1, p < 0.001], liver metastasis (HR 
4.9, 95% CI 1.9–12.4, p = 0.001), and brain metastasis (HR 3.2, 95% CI 1.3–8.2, p = 0.013) were independent prognostic 
factors of shorter PFS. Overall survival (OS) was significantly different in patients with high and low post-treatment NLRs 
(median, 2.1 vs. 14.0 months, p < 0.001). A high post-treatment NLR remained an independent prognostic factor for OS in 
multivariate analysis (HR 3.9, 95% CI 1.6–9.2, p = 0.003). The NLR at 6 weeks after treatment initiation was a prognostic 
marker in patients with advanced NSCLC treated with anti-PD-1 antibody. Further studies are warranted to evaluate the role 
of the 6-week NLR as a predictor in anti-PD-1 antibody treatment\.
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Introduction

Since cancer-related inflammation affects disease pro-
gression and survival in many types of cancer [2], several 
inflammation- and immune-based prognostic scores, such 
as the neutrophil-to-lymphocyte ratio (NLR) and systemic 
immune-inflammation index (SII), have been developed 
to predict survival. The NLR has been most extensively 
investigated in solid tumors and has become a robust prog-
nostic factor in non-small cell lung cancer (NSCLC), as 
well as in many other cancers [3]. Additionally, the SII 
has been proven to be a powerful prognostic factor of out-
comes in hepatocellular carcinoma and colorectal cancer 
(CRC) [4–6].

Recently, the targeting of immune checkpoint sign-
aling to restore cancer cell-directed immune responses 
has become a confirmed therapeutic strategy for several 
types of tumors. Programmed cell death receptor 1 (PD-
1), which is found on the surfaces of immune cells in the 
tumor microenvironment, interacts with the programmed 
cell death ligand 1 (PD-L1) on tumor cells, enabling these 
tumor cells to escape host immune surveillance mecha-
nisms [7, 8]. Therapeutic antibodies to PD-1 have shown 
promising activity in lung cancer [9–12]. Since anti-PD-1 
antibody therapy is expensive and has the risk of devel-
oping rare, yet serious, immune-related adverse events 
(irAEs) [13], it is important to find predictive markers of 
the therapeutic response to identify patients who would 
maximally benefit from such therapy. Currently, the only 
clinically validated predictive marker of treatment with 
immune checkpoint inhibitors that targets PD-1/PD-L1 is 
the expression of PD-L1 on tumor cells or tumor-infil-
trated immune cells [14].

Recent studies have investigated the predictive role of 
markers of systemic inflammation in immune checkpoint 
inhibitor treatment. In melanoma, the presence of a low 
baseline NLR or a low NLR at an early time-point of treat-
ment with ipilimumab, a monoclonal antibody directed 
to cytotoxic T-lymphocyte-associated antigen-4 (CTLA-
4), was shown to be associated with better survival [15, 
16]. Similarly, an early increase in lymphocyte count after 
treatment with ipilimumab has been shown to be associ-
ated with better disease control and survival [17, 18].

These findings suggest that the NLR might be a sur-
rogate marker of anti-tumor immunity, and may also be 
related to the efficacy of anti-PD-1 antibody treatment. 
However, little is known about the correlation between 
NLRs or other immune-based prognostic scores and the 
treatment outcomes of patients treated with anti-PD-1 anti-
body. Bagley et al. have recently shown that a high pre-
treatment NLR is associated with worse progression-free 
survival (PFS) and overall survival (OS) in patients with 

NSCLC treated with nivolumab [19]. We aimed to inves-
tigate clinical factors including immune-based prognostic 
scores that may help to predict the responses to anti-PD-1 
antibody treatment in patients with advanced NSCLC.

Patients and methods

Study population

We conducted a retrospective analysis of consecutive 
patients with NSCLC who had undergone anti-PD-1 anti-
body (nivolumab or pembrolizumab) treatment at the Seoul 
National University Hospital (SNUH) and the Seoul National 
University Bundang Hospital (SNUBH) between October 
2013 and April 2016. The inclusion criteria for patients were 
as follows: (a) pathologically confirmed NSCLC; (b) initial 
stage IIIB or IV, or recurrence after curative surgery; and 
(c) administration of nivolumab at 3 mg/kg every 2 weeks 
or pembrolizumab at 2 mg/kg or 10 mg/kg every 3 weeks 
as palliative therapy. All but three patients were adminis-
tered anti-PD-1 antibody through participation in a pro-
spective clinical trial (NCT01295827, NCT01905657, and 
NCT02175017). Complete blood cell counts were performed 
pretreatment and before each drug administration. Total 
white blood cell counts, absolute neutrophil counts (ANC), 
absolute lymphocyte counts (ALC), and platelet counts were 
analyzed before the beginning of treatment and at 6 weeks 
after the start of treatment. The NLR was defined as the ratio 
of ANC to ALC, and categorized using a threshold value of 
5 [20]. Platelet-to-lymphocyte ratio (PLR) was defined as the 
ratio of platelet counts to ALC, and a PLR ≥ 169 was con-
sidered to signify elevated levels. The SII was calculated as 
the platelet count multiplied by the NLR, and an SII ≥ 730 
was considered elevated [4].

Chest and abdominopelvic computed tomography scans 
were performed every 8–12 weeks according to the study 
protocol, and additionally as needed to assess disease pro-
gression. All responses were defined according to the revised 
RECIST guideline (version 1.1) [21]. Pseudoprogression 
was defined as an increase in the size of the target lesions 
or the appearance of a new lesion, followed by subsequent 
tumor shrinkage. PFS was calculated as the interval from the 
date of initiation of anti-PD-1 antibody treatment to the date 
of either disease progression or death. OS was calculated 
as the duration between the date of initiation of anti-PD-1 
antibody treatment and the date of death from any cause. 
Adverse events (AEs) were graded using the Common Ter-
minology Criteria for Adverse Events version 4.0. In cases 
with samples available for immunohistochemistry (IHC) 
analysis, PD-L1 expression was analyzed using PD-L1 IHC 
22C3 pharmDx (DAKO, Glostrup, Denmark), with a cut-
off tumor proportion score ≥ 50%. The Institutional Review 
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Boards at the SNUH and the SNUBH approved this study 
(IRB No. J-1607-085-776 and B-1606/349-110), and the 
study was conducted in compliance with the Declaration 
of Helsinki.

Statistical analysis

The baseline characteristics of patients and the clinicopatho-
logical findings according to their responses to anti-PD-1 
antibody treatment were evaluated using the Pearson Chi-
square or Fisher’s exact test for categorical variables, and 
the Mann–Whitney U test for continuous variables. PFS and 
OS were calculated and compared using the Kaplan–Meier 
method and the log-rank test. The prognostic values of each 
variable were evaluated with univariate Cox proportional-
hazard regression (PHR) analyses. Multivariate analysis for 
PFS and OS were performed using the variables that were 
significant on univariate analysis. All tests were two-sided, 
and a p value < 0.05 was used to indicate a statistically 
significant difference. All data were analyzed using SPSS 
Version 22.0 on data collected through September 2016.

Results

Characteristics of patients

The clinical characteristics of the 54 patients are shown in 
Table 1. Forty-two (77.8%) of these patients were men. Fif-
teen (27.8%) patients were non-smokers. Most patients had 
adenocarcinoma (n = 31); 17 had squamous cell carcinoma, 
2 had adenosquamous cell carcinoma, 2 had NSCLC not 
otherwise specified, 1 had pleomorphic carcinoma, and 1 
had large cell neuroendocrine carcinoma. Five patients had 
epidermal growth factor receptor (EGFR) activating muta-
tions, one patient had a KRAS mutation (Q61H), and one 
patient had an anaplastic lymphoma kinase (ALK) rearrange-
ment. Metastases to the lungs, bones, central nervous system 
(CNS), pleura, liver, and adrenal glands were found in 31 
(57.4%), 15 (27.8%), 9 (16.7%), 20 (37.0%), 10 (18.5%), and 
7 (13.0%) patients, respectively. Thirty-one patients received 
nivolumab and 23 patients received pembrolizumab. All 
patients were treated with single agent immunotherapy.

The association of inflammatory markers 
and outcomes of anti‑PD‑1 antibody treatment

Eighteen (33.3%) out of 54 patients had clinical objective 
responses to anti-PD-1 antibody treatment; all patients who 
exhibited responses showed partial response (PR). The 
objective response rate (ORR) was significantly associ-
ated with the immune-based prognostic scores at 6 weeks 
after the initiation of treatment. None of the patients with 

a 6-week post-treatment NLR ≥ 5 achieved PR, whereas 
18 (41.9%) of 43 patients, including 2 patients with 
tumor flares, with a post-treatment NLR < 5 achieved PR 
(p = 0.011). The ORR was lower in patients with an elevated 
SII at week 6 than in those with a lower SII in the same 
week (17.9% vs. 52.0%, p = 0.009). Other variables, includ-
ing older age, absence of brain metastasis, and the pres-
ence of irAEs, were significantly associated with clinical 
response; gender, smoking history, line of treatment, and 
baseline NLR, PLR, and SII were not predictive of response. 
Association between clinicopathological characteristics and 
treatment responses in patients are shown in Table 1. There 
was no correction undertaken for multiple comparisons.

The median follow-up period was 26.2 months (range, 
6.8–36.2 months), the median PFS and OS were 4.7 months 
(95% CI, 3.2–6.2) and 12.2 months (95% CI, 9.1–15.3), 
respectively, and the 1-year PFS and OS were 26.4 and 
48.8%, respectively. Figure 1 illustrates PFS according to 
NLR, PLR, and SII at baseline and week 6 after the start of 
treatment. Patients with a 6-week post-treatment NLR ≥ 5 
had significantly shorter PFS after anti-PD-1 antibody 
treatment than did those with a post-NLR < 5 (median, 1.3 
vs. 6.1 months, p < 0.001). A post-treatment SII ≥ 730 at 
6 weeks was also associated with a shorter PFS compared 
to SII < 730 at 6 weeks (median PFS, 2.8 vs. 8.1 months, 
p = 0.033).

The median OS of patients with post-NLRs ≥ 5 and < 5 
were 2.1 and 14.0 months, respectively (p < 0.001; Fig. 1b). 
Patients with a 6-week post-treatment SII ≥ 730 also had 
shorter OS than did those with a 6-week SII < 730 (median 
OS, 7.1 vs. 24.6 months, p = 0.004) (Fig. 2). Baseline NLR, 
PLR, and SII values were not associated with PFS or OS.

Ratio between pre‑ and post‑treatment NLR 
and outcomes

Reduction in NLR after anti-PD-1 antibody treatment was 
associated with a higher objective response rate and a sig-
nificantly improved PFS. Patients with a ratio between pre- 
and post-treatment NLR of 1 or more had a higher response 
rate (43.2 vs. 22.2%, p = 0.066) and longer PFS (6.2 vs. 
3.0 months, p = 0.035) compared to those with a ratio less 
than 1 (Supplementary Table 1 and Supplementary Fig. 1).

Univariate and multivariate analysis for PFS and OS

We performed univariate and multivariate analyses to iden-
tify the prognostic importance of clinical characteristics and 
immune-based prognostic scores. In the univariate Cox PHR 
analyses for PFS, no significant differences were found with 
respect to patient age, sex, histology, smoking status, perfor-
mance status, PD-L1 expression, and baseline NLR, PLR, 
and SII. PD-L1 expression using a different cut-off (5%) was 
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Table 1  Association 
of clinicopathological 
characteristics and treatment 
outcome

N Responder (n = 18) Non-responder (n = 36) p value

Age at immunotherapy (years)
 Median (range) 68 70 (55–78) 62 (43–80) 0.042

Sex
 Men 42 13 (31.0) 29 (69.0) 0.487
 Women 12 5 (41.7) 7 (58.3)

Smoking
 Never-smoker 15 5 (33.3) 10 (66.7) 1.000
 Current or ex-smoker 39 13 (33.3) 26 (66.7)

ECOG performance status
 0 9 4 (44.4) 5 (55.6) 0.439
 1 45 14 (31.1) 31 (68.9)

Histology
 SqCC 17 7 (41.2) 10 (58.8) 0.407
 Non-SqCC 37 11 (29.7) 26 (70.3)

PD-L1  expressiona

 Negative 29 8 (27.6) 21 (72.4) 0.073
 Positive 7 5 (71.4) 2 (28.6)
 NA 18

PD-L1 expression (5% cut-off)
 Negative 25 6 (24.0) 19 (76.0) 0.056
 Positive 11 7 (63.6) 4 (36.4)
 NA 18

Previous lines of systemic treatment
 1 41 14 (34.1) 27 (65.9) 0.822
 ≥ 2 13 4 (30.8) 9 (69.2)

Liver metastasis
 No 44 16 (36.4) 28 (63.6) 0.466
 Yes 10 2 (20.0) 8 (80.0)

Brain metastasis
 No 45 18 (40.0) 27 (60.0) 0.022
 Yes 9 0 9 (100)

Time from diagnosis to immunotherapy (months)
 Median (range) 7.3 (2.1–38.1) 7.8 (2.3–44.9) 0.922

Baseline levels of prognostic factors
 Neutrophil (%), median (range) 63.1 (49.0–87.9) 65.0 (38.0–88.0) 0.625
 Lymphocyte (%), median (range) 24.8 (3.4–40.0) 23.0 (4.0–53.0) 0.725

NLR
 < 5 46 15 (32.6) 31 (67.4) 1.000
 ≥ 5 8 3 (37.5) 5 (62.5)

PLR
 < 169 35 11 (31.4) 24 (68.6) 0.687
 ≥ 169 19 7 (36.8) 12 (63.2)

SII
 < 730 27 10 (37.0) 17 (63.0) 0.564
 ≥ 730 27 8 (29.6) 19 (70.4)

6-week levels of prognostic  factorsb

 NLR
  < 5 43 18 (41.9) 25 (58.1) 0.011
  ≥ 5 10 0 10 (100.0)

 PLR
  < 169 37 15 (40.5) 22 (59.5) 0.124
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Table 1  (continued) N Responder (n = 18) Non-responder (n = 36) p value

  ≥ 169 16 3 (18.8) 13 (81.2)
 SII
  < 730 25 13 (52.0) 12 (48.0) 0.009
  ≥ 730 28 5 (17.9) 23 (82.1)

 irAE
  No 42 10 (23.8) 32 (76.2) 0.005
  Yes 12 8 (66.7) 4 (33.3)

ECOG Eastern Cooperative Oncology Group, SqCC squamous cell carcinoma, NLR neutrophil–lympho-
cyte ratio, PLR platelet–lymphocyte ratio, SII systemic immune-inflammation index, irAE immune-related 
adverse events, PD-L1 programmed cell death-ligand 1, NA not available
a PD-L1 immunohistochemistry was done using PD-L1 IHC 22C3 pharmDx (DAKO, Glostrup, Denmark), 
with a cut-off of tumor proportion score ≥ 50%
b One patient died of pneumonia within 6 weeks of treatment initiation; only 53 patients had the test results 
at 6 weeks and were shown in the table

Fig. 1  Progression-free survival (PFS) according to immune-based 
prognostic scores. PFS according to the neutrophil-to-lymphocyte 
ratio (NLR) at baseline (a) and week 6 (b); PFS according to the 

platelet-to-lymphocyte ratio (PLR) at baseline (c) and week 6 (d); 
PFS according to the systemic immune-inflammation index (SII) at 
baseline (e) and week 6 (f)
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also not associated with PFS (HR 0.69; 95% CI 0.27–1.77; 
p = 0.437). However, PFS was shorter in patients with CNS 
(p = 0.003) or liver metastases at diagnosis (p = 0.001), a 
post-treatment NLR ≥ 5 (p < 0.001), and a post-treatment 
SII ≥ 730 (p = 0.038). Variables found to be significantly 
prognostic in the univariate analyses were introduced into 
a Cox PHR analysis. Multivariable analysis demonstrated 
that a high post-treatment NLR at 6 weeks [hazard ratio 
(HR) 15.09, 95% confidence interval (CI) 4.55–50.06, 
p < 0.001], the presence of liver metastasis (HR 4.92, 95% 
CI 1.95–12.45, p = 0.001), and CNS metastasis (HR 3.23, 
95% CI 1.28–8.16, p = 0.013) were independent prognostic 
factors for shorter PFS (Table 2).

In the univariate analyses for OS, the presence of 
CNS (p  =  0.022) and liver metastases (p  =  0.003), a 

post-treatment NLR ≥ 5 (p < 0.001), and a post-treat-
ment SII ≥ 730 (p = 0.006) were associated with shorter 
OS. PD-L1 expression was not associated with OS, irre-
spective of the cut-off used (5% cut-off, HR 0.71, 95% 
CI 0.28–1.84, p = 0.485; 50% cut-off, HR 0.46, 95% CI 
0.13–1.57, p = 0.215). In multivariate Cox regression 
analysis, a post-treatment NLR ≥ 5 at week 6 was an inde-
pendently associated with shorter OS in anti-PD-1 anti-
body treatment (HR 3.82, 95% CI 1.59–9.17, p = 0.003), 
along with liver metastasis (HR 3.40, 95% CI 1.44–8.02, 
p = 0.005) (Table 3). High post-treatment NLR was still 
independently associated with short PFS and OS in a mul-
tivariable analysis model which included additional vari-
ables (smoking, histology, and PD-L1 expression) (Sup-
plementary Table 2).

Fig. 2  Overall survival (OS) according to immune-based prognostic 
scores. OS according to the neutrophil-to-lymphocyte ratio (NLR) at 
baseline (a) and week 6 (b); OS according to the platelet-to-lympho-

cyte ratio (PLR) at baseline (c) and week 6 (d); OS according to the 
systemic immune-inflammation index (SII) at baseline (e) and week 
6 (f)
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Association of immune‑based prognostic scores 
with PD‑L1 expression

Since PD-L1 expression has been suggested as a predictive 
marker of the treatment response to the anti-PD-1 anti-
body, we assessed the association between immune-based 
prognostic scores and PD-L1 expression. Of 54 patients, 

36 (66.7%) were evaluable for PD-L1 IHC analysis. Only 
7 of 36 patients (19.4%) were positive for PD-L1. Baseline 
levels of the NLR, PLR, and SII were not associated with 
PD-L1 expression in tumors. Positive PD-L1 expression 
was more frequent in patients with lower post-treatment 
NLRs (23.1 vs. 10%, p  =  0.645), PLRs (29.2 vs. 0%, 
p = 0.070), and SIIs (23.1 vs. 17.4%, p = 0.686) at week 

Table 2  Univariate and 
multivariate analysis of PFS

HR hazard ratio, CI confidence interval, ECOG Eastern Cooperative Oncology Group, SqCC squamous 
cell carcinoma, NLR neutrophil–lymphocyte ratio, PLR platelet–lymphocyte ratio, SII systemic immune-
inflammation index, irAE immune-related adverse events, PD-L1 programmed cell death-ligand 1
a PD-L1 immunohistochemistry was done using PD-L1 IHC 22C3 pharmDx (DAKO, Glostrup, Denmark), 
with a cut-off of tumor proportion score ≥ 50%

Variables N Univariate Multivariate

HR (95% CI) p value HR (95% CI) p value

Age
 < 65 23 1 –
 ≥ 65 31 0.58 (0.30–1.09) 0.092

Sex
 Female 12 1 –
 Male 42 1.34 (0.62–2.93) 0.460

Smoking
 Never-smoker 15 1
 Ever-smoker 39 1.12 (0.54–2.31) 0.760

ECOG
 0 9 1
 1 45 1.48 (0.58–3.78) 0.418

Histology
 SqCC 31 1 –
 Non-SqCC 23 0.78 (0.40–1.51) 0.513

PDL1  expressiona

 Negative 29 1
 Positive 7 0.47 (0.14–1.61) 0.221

Brain metastasis
 No 45 1 1
 Yes 9 3.32 (1.51–7.32) 0.003 3.23 (1.28–8.16) 0.013

Liver metastasis
 No 44 1 1
 Yes 10 3.90 (1.73–8.76) 0.001 4.92 (1.95–12.45) 0.001

NLR at 6-week
 < 5 43 1 1
 ≥ 5 10 23.75 (7.56–74.66) <0.001 15.09 (4.55–50.06) <0.001

PLR at 6-week
 < 169 37 1
 ≥ 169 16 1.80 (0.92–3.52) 0.085

SII at 6-week
 < 730 28 1
 ≥ 730 25 2.00 (1.04–3.86) 0.038

irAE
 No 42 1 –
 Yes 12 0.50 (0.22–1.13) 0.094
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6, but this was not statistically significant (Supplemen-
tary Table 3). We also evaluated the association between 
immune-based prognostic scores and PD-L1 expression 
using a different cut-off (5%), and there was no statistically 
significant association between these variables.

Clinical outcomes according to PD‑L1 expression 
and post‑treatment NLR

Thirty-six cases were evaluable for both PD-L1 IHC analysis 
and post-treatment NLR. In this cohort, the response rate 

Table 3  Univariate and 
multivariate analysis of OS

HR hazard ratio, CI confidence interval, ECOG Eastern Cooperative Oncology Group, SqCC squamous 
cell carcinoma, NLR neutrophil–lymphocyte ratio, PLR platelet–lymphocyte ratio, SII systemic immune-
inflammation index, irAE immune-related adverse events, PD-L1 programmed cell death-ligand 1
a PD-L1 immunohistochemistry was done using PD-L1 IHC 22C3 pharmDx (DAKO, Glostrup, Denmark), 
with a cut-off of tumor proportion score ≥ 50%

Variables N Univariate Multivariate

HR (95% CI) p value HR (95% CI) p value

Age
 < 65 23 1 –
 ≥ 65 31 0.74 (0.39–1.41) 0.363

Sex
 Female 12 1 –
 Male 42 1.85 (0.81–4.21) 0.145

Smoking
 Never-smoker 15 1
 Ever-smoker 39 1.20 (0.58–2.49) 0.616

ECOG
 0 9 1
 1 45 1.29 (0.50–3.32) 0.602

Histology
 SqCC 31 1 –
 Non-SqCC 23 0.78 (0.40–1.53) 0.471

PD-L1  expressiona

 Negative 29 1
 Positive 7 0.46 (0.13–1.57) 0.215

Brain metastasis
 No 45 1 –
 Yes 9 2.51 (1.15–5.52) 0.022

Liver metastasis
 No 44 1 1
 Yes 10 3.29 (1.50–7.18) 0.003 3.40 (1.44–8.02) 0.005

NLR at 6-week
 < 5 43 1 1
 ≥ 5 10 5.92 (2.64–13.28) <0.001 3.82 (1.59–9.17) 0.003

PLR at 6-week
 < 169 37 1
 ≥169 16 1.56 (0.78–3.12) 0.002

SII at 6-week
 < 730 28 1
 ≥ 730 25 2.70 (1.33–5.46) 0.006

irAE
 No 42 1 –
 Yes 12 0.48 (0.20–1.14) 0.096



467Cancer Immunology, Immunotherapy (2018) 67:459–470 

1 3

was higher in patients with expression of PD-L1 and a low 
post-treatment NLR (83%, 5 out of 6 patients) compared to 
those without expression of PD-L1 and a low post-treatment 
NLR (40%, 8 out of 20 patients). None of the patients with 
a high post-treatment NLR showed objective response to 
treatment, regardless of PD-L1 expression (PD-L1 positive, 
n = 1; PD-L1 negative, n = 9). Supplementary Fig. 2 shows 
PFS according to both PD-L1 expression and post-treatment 
NLR. PFS was significantly different according to PD-L1 
expression and the post-treatment NLR (median PFS not 
reached in patients with PD-L1 expression and a low post-
treatment NLR vs. 8.9 months in patients without PD-L1 
expression and a low post-treatment NLR vs. 1.0 months in 
a patient with PD-L1 expression and a high post-treatment 
NLR vs. 1.4 months in patients without PD-L1 expression 
and a high post-treatment NLR; p < 0.001).

Discussion

In this study, we demonstrated that the post-treatment NLR 
at week 6 was significantly associated with PFS after anti-
PD-1 antibody treatment in patients with advanced NSCLC. 
In addition, a high post-NLR was also an independent prog-
nostic factor for OS. These findings demonstrated that the 
post-treatment NLR at week 6 was a prognostic marker for 
advanced NSCLC treated with anti-PD-1 antibody, and a 
potential predictive marker of response.

Immune-based prognostic scores, such as the NLR and 
SII, have been developed and used for many types of can-
cers. A recent systematic review confirmed that a high NLR 
was associated with shorter OS in many cancers [3], and, 
in phase 1 clinical studies, the NLR was an independent 
prognostic factor for OS [22]. The NLR and SII were predic-
tive of response to both chemotherapy and targeted agents. 
A low NLR was associated with improved clinical benefits 
in patients with CRC who were treated with combination 
chemotherapy and in patients with laryngeal carcinoma 
treated with chemoradiotherapy [23, 24]. Early reduction 
in the NLR was a surrogate marker of longer survival in 
patients with NSCLC who received conventional chemo-
therapy and gefitinib [25]. In terms of targeted therapy, a 
low NLR (≤ 3) or decrease in post-treatment NLR at week 
6 were associated with better PFS and OS in patients with 
metastatic renal cell carcinoma (RCC) treated with different 
targeted agents, including sunitinib and sorafenib [26, 27], 
and the NLR and SII were predictive markers for patients 
with metastatic CRC who received chemotherapy plus beva-
cizumab [6].

Due to the promising efficacies and clinical utilities of 
immune checkpoint inhibitors, several studies have inves-
tigated the role of immune-based scores in prognostication 
and prediction of response in immune checkpoint inhibitor 

treatment. Most of the studies focused on patients with 
advanced melanoma who received ipilimumab [15–18]. 
Baseline NLR values < 5 were associated with better PFS 
and OS [16], and the post-treatment NLR at week 7 or 
change in lymphocyte count after ipilimumab treatment were 
associated with PFS [15, 17, 18]. These studies support our 
finding that the NLR can be used as a predictor for response 
to immunotherapy.

Ceaseless efforts have been made to explore biomark-
ers that can predict responses to immune checkpoint inhi-
bition. Among the predictive markers, PD-L1 expression 
in tumor cells or immune cells seems the most promising. 
However, PD-L1 expression has been defined differently 
in many studies using different antibodies and cutoffs [14], 
and even patients with low or absent PD-L1 expression can 
achieve robust responses, rendering it difficult to confirm 
PD-L1 as an exclusionary predictive biomarker [28]. Other 
biomarkers, such as PD-L1 expression in immune cells, 
 CD8+ T cells, gene alterations in CTLA4, IFNγ inducible 
genes such as IDO1 and CXCL9, and the tumor mutational 
load, have been studied; however, most of these biomarkers 
are not readily available in routine clinical practice [14]. 
Therefore, the pursuit of a method of optimal patient selec-
tion continues. Bagley et al. have recently shown that a high 
pretreatment NLR was an independent predictive factor for 
PFS and OS in nivolumab-treated NSCLC patients [19]. 
Unlike the study by Bagley et al., our data showed that the 
post-treatment NLR was associated with response rate and 
survival in patients with NSCLC treated with anti-PD-1 
antibody. To the best of our knowledge, our study is the first 
to evaluate the prognostic role of multiple post-treatment, 
immune-based prognostic scores in NSCLC, and our study 
suggests that NLR could be a potential predictor of response. 
Further studies are needed to evaluate the predictive role of 
NLR in this setting.

The calculation of the NLR is straightforward, readily 
available, and reproducible at almost all institutions, with no 
additional expenditure. Since baseline NLR was not associ-
ated with survival or response to the anti-PD-1 antibody, 
advance patient selection remains difficult. However, our 
results show that the anticancer immune response is associ-
ated with NLR in the early phase of the treatment, and our 
data can help in clinical decision-making in circumstances 
such as discriminating tumor flares (or pseudoprogressions) 
from true progressions and facing moderate-to-severe irAEs.

The biologic basis of this result is not thoroughly under-
stood. The expression of the Fas ligand, which was associ-
ated with poor prognosis in patients with RCC, showed a 
positive association with the NLR [29]. Patients with high 
NLRs showed lower percentages of  CD8+ T cells and lower 
densities of tumor-infiltrating  CD3+ T cells than patients 
with low NLRs [30]. In our study, high post-treatment NLR, 
PLR, and SII at week 6 were negatively correlated with 
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PD-L1 expression, although statistical significance was not 
reached. Because of the small sample size and the fact that 
only 67% of patients had tumor tissue available for IHC anal-
ysis, an association between peripheral blood immune mark-
ers and tumor PD-L1 expression could have been masked. 
Nevertheless, many studies, including ours, suggest that the 
NLR in the peripheral blood could be a surrogate marker of 
anti-tumor immunity in patients receiving immunotherapy.

Another compelling aspect of our study is that the pres-
ence of liver metastasis was associated with the outcome of 
anti-PD-1 antibody treatment. The liver is an immunological 
organ, and has a large population of macrophages (resident 
Kupffer cells [KCs]), natural killer cells, and natural killer 
T cells, and yet maintains its immune tolerance to non-path-
ogenic antigens [31, 32]. Many cells that are resident in the 
liver, such as the liver sinusoidal endothelial cells, KCs, and 
dendritic cells, have crucial roles in reducing the immune 
response and maintaining an immune-suppressive status 
with the low abundance of major histocompatibility com-
plexes and the lack of costimulatory molecules [33–35]. The 
immune tolerance maintained in the liver might explain the 
poor response to anti-PD-1 antibody treatment in patients 
with liver metastases. The presence of liver metastasis can 
help guide the selection of patients before anti-PD-1 anti-
body treatment, since this information would be available at 
the time of treatment initiation.

There are some limitations in our study. First, this was 
a retrospective analysis of two prospective clinical trials, 
involving two centers in Korea. The generalizability of this 
study is limited, since all patients were treated in the clinical 
trials. Second, the response rate of 33% in our study patients 
is relatively high compared to the response rate previously 
reported with anti-PD-1 antibody treatment in NSCLC. This 
is possibly related to the small number of study population 
and the retrospective nature of our study that may have led 
to selection bias. Indeed, the relatively low percentages of 
response to anti-PD-1 antibody treatment and its substantial 
cost, and rare, but severe, immunologic AEs encourage us to 
search for more readily available biomarkers that could aid 
in identifying patients who are likely to respond to anti-PD-1 
antibody treatment, thereby avoiding its toxicities in patients 
not expected to respond. Therefore, these limitations do not 
diminish the importance of our study, and the use of the 
post-treatment NLR at week 6 as an early marker of response 
that should be evaluated in future studies.

In conclusion, the NLR value at 6 weeks after initiation of 
treatment is a prognostic marker for patients with advanced 
NSCLC treated with anti-PD-1 antibody, and a potential pre-
dictive marker of response. Other clinical factors, including 
the site of metastasis, are also predictive of anti-PD-1 anti-
body efficacy. Further studies are warranted to evaluate the 
role of the 6-week NLR as a predictor in anti-PD-1 antibody 
treatment.
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