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Background: Immune checkpoint inhibitors (ICIs) have become one of the standard treatments for non-
small cell lung cancer (NSCLC) patients without driver mutations. However, a considerable proportion 
of patients suffer from severe immune side effects and fail to respond to ICIs. As effective biomarkers, 
programmed cell death ligand 1 (PD-L1) expression, microsatellite instability (MSI), the tumor mutation 
burden (TMB) and tumor-infiltrating lymphocytes (TILs) require invasive procedures that place heavy 
physical and psychological burdens on patients. This study aims to identify simple and effective markers to 
optimize patient selection through therapeutic decisions and outcome prediction.
Methods: This retrospective study comprised 95 patients with metastatic NSCLC who were treated with 
ICIs either as the standard of care or in a clinical trial. The following data were extracted from the medical 
records. The baseline and dynamic neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio 
(PLR) were calculated in the present study. Responses were assessed by computed tomography (CT) imaging 
and classified according to the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1 every 
6–12 weeks during treatment.
Results: In total, 95 patients were included in the present study. The median age of patients was 61 years, 
83.2% (79/95) patients were male, 62.1% (59/95) were former or current smokers, 66.3% (63/95) had 
adenocarcinoma, 93.7% (89/95) had stage IV disease, and 87.4% were without molecular alterations. A 
higher overall response rate (ORR) and prolonged median progression-free survival (PFS) was observed in 
patients with a lower cycle 3 (C3) NLR [7.7 vs. 5.5 months, hazard ratio (HR): 1.70, 95% confidence interval 
(CI): 0.90–3.22; P=0.12] and derived NLR (dNLR) (8.2 vs. 5.6 months, HR: 1.67, 95% CI: 0.94–2.97; 
P=0.08). After two cycles of ICI treatment, patients who had an increased NLR, dNLR, and PLR had a 
lower ORR and an inferior median PFS than those with a decreased NLR (5.5 vs. 8.5 months, HR: 1.87, 
95% CI: 1.09–3.21; P=0.02), dNLR (5.6 vs. 8.4 months, HR: 1.49, 95% CI: 0.87–2.57; P=0.15), and PLR 
(11.8 vs. 5.5 months, HR: 2.28, 95% CI: 1.32–3.94; P=0.003). Moreover, patients with both an increased 
NLR and PLR had a worse ORR and median PFS than those with either an increased NLR or PLR, or both 
an increased NLR and PLR (11.8 vs. 5.5 vs. 5.6 months, P=0.003). In addition, the dynamic changes in the 
PLR could serve as an independent predictive factor of PFS in NSCLC patients treated with ICIs.
Conclusions: Elevated dynamic changes in the NLR and PLR were associated with lower response 
rates and shorter PFS in the patients with NSCLC treated with ICIs. Our results also highlight the role of 
dynamic changes in the PLR in identifying patients with NSCLC who could benefit from ICIs.
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Introduction

The incidence and mortality rates of lung cancer are 
increasing year by year, and it continues to be the most 
common cause of cancer-related death in China and around 
the world (1,2). Non-small cell lung cancer (NSCLC) is 
the most common pathological subtype of lung cancer, and 
accounts for about 85% of all lung cancers (3). In recent 
years, the anti-programmed cell death 1/ligand 1 (anti-
PD-1/PD-L1) antibody, immune checkpoint inhibitors 
(ICIs), have greatly improved the prognosis of lung cancer 
patients. ICI monotherapy or chemo-immunotherapy 
is the preferred treatment option for advanced lung 
cancer patients without oncogenic drivers (3). However, 
immunotherapy is expensive and has limited effectiveness 
against lung cancer as a second-line treatment. It may 

also lead to an increase in the incidence and severity of 
treatment-related adverse events (4-6). Thus, further 
research is needed to identify additional biomarkers and 
revise existing biomarkers to both optimize patient selection 
and improve treatment outcomes for NSCLC patients.

Under normal circumstances, the PD-1/PD-L1 axis 
is necessary to maintain human immune homeostasis (7). 
PD1, an immune inhibitory receptor, is expressed in many 
immune cells, including T cells (7). When PD1 is combined 
with its ligand PD-L1, an inhibitory signal is activated that 
suppresses T-cell proliferation and protects normal cells 
from collateral damage (8,9). Tumor cells highly express 
the ligand PD-L1, which inhibits the function of immune 
cells by binding to PD1 to evade immune surveillance 
and achieve immune escape (10). PD-L1 expression is 
an effective biomarker in predicting the responses and 
outcomes of the PD-1/PD-L1 blockade (11). However, 
several factors can limit its reliability, including the use of 
various antibodies for detecting PD-L1 expression, different 
procedures for biopsy collection and storage, the lack of 
defined thresholds for quantifying PD-L1 expression, and 
intra-tumor heterogeneity in PD-L1 expression. Recently, 
research has explored the use of microsatellite instability 
(MSI) and the tumor mutation burden (TMB) as predictive 
and prognostic biomarkers for the activity of ICIs in 
different tumor types (12). Tumor-infiltrating lymphocytes 
(TILs) and immune specific signatures have been 
investigated with promising results (13,14). In addition, 
a previous study revealed that thymic density changes 
were observed in nearly all NSCLC patients undergoing 
immunotherapy, with decreased density associated with 
longer overall survival (OS) (15). However, most of the 
aforementioned methods require invasive procedures that 
place heavy physical and psychological burdens on patients. 
Therefore, it is necessary to identify simple, effective, and 
definitive biomarkers of response to ICIs.

Pathologic response, such as inflammation, has been 
proposed as a major driver of the development and 
progression of various types of tumor (16). Immune cells are 
key components of the tumor microenvironment, and their 
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presence is most commonly associated with the outcomes 
of patients (17,18). As many studies have reported, cytotoxic 
CD8 T cells are strongly associated with improved clinical 
outcomes in patients, while some immune cells, such as 
neutrophils, M2 polarized macrophages, and Forkhead Box 
P3 (FOXP3) positive regulatory T cells, are risk factors for 
tumor progression and are related to a poor prognosis (19-22).  
Similarly, hematological inflammatory parameters can 
also reflect the immune status of patients and have been 
established as important predictive markers associated with 
the prognosis of tumors (23-27). An increased neutrophil-
to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio 
(PLR) have been reported to be independent poor prognostic 
indicators in several tumor types, including NSCLC  
(23-25,28). Recently, many studies have showed that the 
NLR and PLR are also associated with worse outcomes in 
patients treated with ICIs (29-31). However, most of studies 
only indicated the prognostic effect of the static level, they 
fail to show the real-time association of survival with dynamic 
changes in these markers over time, which potentially reflects 
a combined time- and treatment-dependent variation in the 
underlying disease process (32,33).

In this study, we investigated the usefulness of the NLR 
and PLR in predicting the clinical outcomes of NSCLC 
patients undergoing treatments with PD-1 inhibitors. 
The prediction model, which was constructed based 
on hematological inflammatory parameters, may be an 
effective, cheap and readily available method for assessing 
the prognostic markers of NSCLC patients treated with 
ICIs. We present this article in accordance with the 
REMARK reporting checklist (available at https://tlcr.
amegroups.com/article/view/10.21037/tlcr-24-637/rc).

Methods

Patients selection

The sample size was calculated using the Raosoft calculator. 
In total, 95 patients were included in the present study. 
We retrospectively reviewed the data of patients who were 
treated with ICIs (pembrolizumab, nivolumab, atezolizumab, 
or camrelizumab) between January 2015 and March 
2018 at Shanghai Pulmonary Hospital. The patients who 
received ICI-based combination therapy (camrelizumab 
in combination with pemetrexed/carboplatin or apatinib) 
were also identified. Patients who had been treated with 
immunotherapeutic agents previously, or who had died 
within 4 weeks of their first ICI treatment were excluded 

from the analysis. The study was approved by the Ethics 
Committee of Shanghai Pulmonary Hospital (No. K24-
264Y). Informed consent for participation in the study and 
the publication of the results was obtained from each patient, 
parent, or guardian. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013).

Data collection

The following data were extracted from the medical 
records of all the patients: demographic characteristics, 
Eastern Cooperative Oncology Group-performance status 
(ECOG-PS) score at the time of initiating the ICI therapy, 
smoking history, histology, molecular alterations of EGFR/
ALK/ROS1/BRAFV600E/Kras/HER-2/RET/c-MET (when 
available), metastatic sites at the time of initiating the ICI 
therapy, prior lines of chemotherapy and radiation therapy, 
baseline complete blood count [defined as the results 
obtained at the time (−3/0 days) of initiating the ICI therapy, 
including the absolute neutrophil count (ANC), absolute 
lymphocyte count (ALC), and platelet count to calculate 
the NLR and PLR]. Derived NLR (dNLR) was calculated 
as follows: dNLR = ANC/(WBC − ANC). Cycle 3  
(C3) complete blood count (which was defined as the results 
obtained before the C3 of ICIs) was also collected and 
calculated in the present study. Responses were assessed 
by computed tomography (CT) imaging and classified 
according to the Response Evaluation Criteria in Solid 
Tumors (RECIST) version 1.1 every 6–12 weeks during 
treatment.

Statistical analysis

The Mann-Whitney U test was used to compare the 
continuous variables, and Fisher’s exact test or the Chi-
square test was used to compare the categorical variables. 
Progression-free survival (PFS) was defined as the time 
from ICI treatment to disease progression or death from 
any cause. The Statistical Package for the Social Sciences 
software (version 23.0, SPSS Inc., Chicago, IL, USA) 
was used to analyze all the statistical data. Kaplan-Meier 
survival curves were compared using the log-rank test. 
Univariate and multivariate analyses were performed using 
the Cox proportional hazards regression model. The hazard 
ratios (HRs) and 95% confidence intervals (95% CIs) for 
the variables were calculated using the Cox proportional 
hazards model. We reported 95% CIs with two-sided 
P<0.05 being set as a threshold for significance. 
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Results

Patient characteristics and overall clinical outcomes

In total, 95 patients were included in the present study. The 
baseline characteristics of the patients are listed in Table 1. 
The median age of the enrolled patients was 61 years (range, 
36 to 82 years). In brief, the majority of patients were male 
(83.2%, 79/95), 62.1% (59/95) were former or current 
smokers, 98.9% (94/95) had a good ECOG-PS score (of 0 
or 1), 66.3% (63/95) had adenocarcinoma, 93.7% (89/95) 
had stage IV disease, and 87.4% were without molecular 
alterations (EGFR/ALK/ROS1/BRAFV600E/Kras/HER-
2/RET/c-MET). In relation to the sites of the metastatic 
lesions in the 95 patients, 14.7% presented in the brain, 
16.8% in the liver, and 44.2% in the bone. Additionally, 
15.8% (15/95) of the patients had previously received chest 
radiation, 8.4% (8/95) had previously received cranial 
radiation, and 14.7% (14/95) had previously received bone 
radiation.

In relation to the types of ICIs administered to the 95 
patients, 35.8% of the patients received pembrolizumab, 
14.7% received nivolumab, 1.1% received atezolizumab, 
29.5% received camrelizumab plus pemetrexed/carboplatin 
(including 1 patient treated with pembrolizumab plus 
abraxane), and 18.9% received camrelizumab plus apatinib 
(including 1 patient treated with pembrolizumab plus 
apatinib, and 1 patient treated with nivolumab plus 
bevacizumab). The majority of the patients received ICI 
therapy as a first-line/second-line therapy (37.9%/27.4%).

At the baseline, 23 (24.2%) patients had a NLR ≥5, and 
30 (31.6%) patients had a dNLR ≥3, while 46 (48.4%) had 
a PLR <150, and 40 (42.2%) had a PLR falling between 
150 and 300. The cut-off values were consistent with that 
reported in most of the literature.

The overall response rate (ORR) of the cohort was 
32.6% and the median PFS was 7.1 months. The ORRs 
of the monotherapy and combination therapy groups were 
27.7% and 37.5%, respectively. While the median PFS of 
the two cohorts were 5.5 and 8.3 months, respectively.

The association between the NLR and clinical outcomes

When a baseline NLR value of 5 was used as the cut-off 
value, patients with a baseline NLR ≥5 had a similar ORR 
(30.4% versus 33.3%, P=0.79 and median PFS as those with 
a NLR <5 (6.7 vs. 7.1 months, HR: 1.01, 95% CI: 0.55–1.87; 
P=0.96) (Figure 1A).

When 5 was used as the C3 NLR cut-off value, patients 

with a C3 NLR <5 (84.4%, 76/90) had a better ORR than 
those with a C3 NLR ≥5 (38.2% vs. 7.1%, P=0.03). There 
was also a trend toward better median PFS in patients with 
a C3 NLR <5; however, the difference was not statistically 
significant (7.7 vs. 5.5 months, HR: 1.70, 95% CI:  
0.90–3.22; P=0.12) (Figure 1B).

To further clarify the relationship between dynamic 
changes in the NLR and clinical outcomes, the patients 
were divided into two groups. The patients who had an 
increased NLR (C3 vs. the baseline) were defined as the 
increased group, while those who had a decreased NLR 
were defined as the decreased group. Interestingly, the 
patients who had an increased NLR (32.2%, 29/90) had an 
inferior ORR (17.2% vs. 41.0%, P=0.02) and median PFS 
(5.5 vs. 8.5 months, HR: 1.87, 95% CI: 1.09–3.21; P=0.02) 
than those who had a decreased NLR (67.8%, 61/90) 
(Figure 1C).

The association between the dNLR and clinical outcomes

When performing the same analyses using 3 as the cut-off value 
for the baseline dNLR, no significant difference was found 
between the two groups (≥3 vs. <3) in terms of both the ORR 
and median PFS (Figure 2A). The patients with a C3 dNLR <3 
had a borderline statistically significant better ORR (38.6% vs. 
15.0%, P=0.06) and median PFS (8.2 vs. 5.6 months, HR: 1.67, 
95% CI: 0.94–2.97; P=0.08) than those with a C3 dNLR 
≥3 (Figure 2B). In relation to the dynamic changes in the 
dNLR, the patients who had an increased dNLR (28.9%, 
26/90) had a lower ORR (15.4% vs. 40.3%, P=0.02) and 
inferior median PFS (5.6 vs. 8.4 months, HR: 1.49, 95% CI: 
0.87–2.57; P=0.15) than those who had a decreased dNLR 
(68.9%, 62/90) (Figure 2C).

The association between the PLR and clinical outcomes

The patients were divided into three groups based on their 
PLR (i.e., the <150, 150–300, and >300 PLR groups). As 
Figure 3A shows, the baseline PLR was not associated with the 
clinical outcomes of ICI therapy. There was a trend toward 
a better ORR (20.0% vs. 27.8% vs. 40.9%, P=0.29) and 
median PFS (5.5 vs. 7.0 vs. 8.3 months, P=0.10) in patients 
with a lower C3 PLR, but the difference was not statistically 
significant (Figure 3B). Interestingly, the patients who had a 
decreased PLR (52.2%, 47/90) had a better ORR (42.6% vs. 
23.3%, P=0.052) and median PFS (11.8 vs. 5.5 months, HR: 
2.28, 95% CI: 1.32–3.94; P=0.003) than those who had an 
increased PLR (47.8%, 43/90) (Figure 3C).
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Table 1 Patients’ baseline characteristics

Characteristic All patients (N=95)

Age (years)

≤65 59 (62.1)

>65 36 (37.9)

Gender

Male 79 (83.2)

Female 16 (16.8)

Smoking history

Non-smoker 36 (37.9)

Former or current smoker 59 (62.1)

ECOG-PS

0 11 (11.6)

1 83 (87.4)

2 1 (1.1)

Histologic subtypes

Adenocarcinoma 63 (66.3)

Squamous cell carcinoma 21 (22.1)

Other† 11 (11.6)

TNM stage

IIIB 6 (6.3)

IV 89 (93.7)

Molecular alterations

WT (EGFR/ALK/ROS1/BRAFV600E/Kras/

HER-2/RET/c-MET)

83 (87.4)

Kras 7 (7.4)

HER-2 1 (1.1)

BRAFV600E 2 (2.1)

ROS1 1 (1.1)

Chest radiation

Yes 15 (15.8)

No 80 (84.2)

Cranial radiation

Yes 8 (8.4)

No 87 (91.6)

Bone radiation

Yes 14 (14.7)

No 81 (85.3)

Table 1 (continued)

Table 1 (continued)

Characteristic All patients (N=95)

Types of immune checkpoint inhibitors

Pembrolizumab 34 (35.8)

Nivolumab 14 (14.7)

Atezolizumab 1 (1.1)

Camrelizumab plus pemetrexed/

carboplatin‡

28 (29.5)

Camrelizumab plus apatinib§ 18 (18.9)

Lines of treatment

1 36 (37.9)

2 26 (27.4)

>2 33 (34.7)

Brain metastasis 14 (14.7)

Liver metastasis 16 (16.8)

Bone metastasis 42 (44.2)

Pretreatment NLR

≥5 23 (24.2)

<5 72 (75.8)

Pretreatment derived NLR

≥3 30 (31.6)

<3 65 (68.4)

Pretreatment PLR 

<150 46 (48.4)

150–300 40 (42.2)

>300 9 (9.4)

Data are presented as n (%). †, including 11 cases of NSCLC, 

1 case of large cell carcinoma, and 1 case of adenosquamous 

case; ‡, 1 patient treated with pembrolizumab plus abraxane; §, 

1 patient treated with pembrolizumab plus apatinib, 1 patient 

treated with nivolumab plus bevacizumab. ECOG-PS, Eastern 

Corporation Oncology Group-performance status; TNM, tumor-

node-metastasis; WT, wild-type; NLR, neutrophil-to-lymphocyte 

ratio; PLR, platelet-to-lymphocyte ratio; NSCLC, non-small cell 

lung cancer.
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Figure 1 Association between the NLR and clinical outcomes. (A) Association between the baseline NLR value and the response rate; 
association between the baseline NLR value and median PFS. (B) Association between the C3 NLR value and clinical outcomes. (C) Association 
between the dynamic changes in the NLR value and clinical outcomes. PR, partial response; SD, stable disease; PD, progressive disease; NLR, 
neutrophil-to-lymphocyte ratio; mPFS, median progression-free survival; HR, hazard ratio; CI, confidence interval; C3, cycle 3. 

The association between dynamic changes in the NLR and 
PLR and clinical outcomes

Based on the dynamic changes in the NLR and PLR, the 
patients were further stratified into the three groups based 
on whether they had both an increased NLR and PLR 
(22.2%, 20/90), either an increased NLR or PLR (35.6%, 
32/90), or both a decreased NLR and PLR (42.2%, 38/90). 
As Figure 4 shows, patients who had both a decreased 

NLR and PLR had a better ORR (47.4% vs. 28.1% vs. 
15.0%, P=0.03) and prolonged median PFS (11.8 vs. 5.5 vs.  
5.6 months, P=0.003) than those with either an increased 
NLR or PLR, or both an increased NLR and PLR.

Univariate and multivariate analyses of median PFS

The univariate analysis identified previous chest radiation, 
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Figure 2 Association between the dNLR and clinical outcomes. (A) Association between the baseline dNLR value and the response rate; 
association between the baseline dNLR value and median PFS. (B) Association between the C3 dNLR value and clinical outcomes. (C) 
Association between the dynamic changes in the dNLR value and clinical outcomes. PR, partial response; SD, stable disease; PD, progressive 
disease; dNLR, derived neutrophil-to-lymphocyte ratio; mPFS, median progression-free survival; HR, hazard ratio; CI, confidence interval; 
C3, cycle 3.

the lines of treatment, the number of metastatic sites, 
and dynamic changes in the NLR, C3 PLR, and PLR 
as being significantly associated with median PFS. The 
multivariate analysis revealed that dynamic changes in 
the PLR was an independent predictive factor of PFS 
(HR: 2.27, 95% CI: 1.10–4.71, P=0.03), as was previous 
chest radiation (HR: 0.39, 95% CI: 0.18–0.85, P=0.02), 

and the number of metastatic sites (HR: 2.53, 95% CI: 
1.25–5.12, P=0.01) (Table 2).

Discussion

The development of ICIs has altered the treatment 
landscape of NSCLC with remarkable success. Inflammation 



Guo et al. Prognostic role of inflammatory indicators in NSCLC1982

© Translational Lung Cancer Research. All rights reserved.   Transl Lung Cancer Res 2024;13(8):1975-1987 | https://dx.doi.org/10.21037/tlcr-24-637

100

80

60

40

20

0

P
ro

gr
es

si
on

-f
re

e 
su

rv
iv

al
, %

0 3 6 9 12 15 18 21 24 27
Time, months

15.0%

70.0%

15.0%

9.4% 15.8%

62.5%
36.8%

28.1%
47.4%

mPFS: 5.6 vs. 5.5 vs. 11.8 months
P=0.003

Both NLR and PLR increased (n=20)
NLR or PLR increased (n=32)
Both NLR and PLR decreased (n=38)

Dynamic changes of NLR and PLR
Objective response

P=0.03

Both NLR and 
PLR increased

NLR or PLR 
increased

Both NLR and 
PLR decreased

PR
SD
PD

100

80

60

40

20

0

P
ro

gr
es

si
on

-f
re

e 
su

rv
iv

al
, %

0 3 6 9 12 15 18 21 24 27
Time, months

11.1%

66.7%

22.2%

15.0% 15.2%

60.0% 43.5%

25.0%
41.3%

Baseline PLR
Objective response

P=0.21

mPFS: 5.9 vs. 7.1 vs. 8.3 months
P=0.71

Baseline PLR <150 (n=9) 

Baseline NLR 150–300 (n=40)

Baseline NLR >300 (n=46)

PR
SD
PD

Baseline PLR 
>300

Baseline PLR 
<150

Baseline PLR 
150–300

100

80

60

40

20

0
P

ro
gr

es
si

on
-f

re
e 

su
rv

iv
al

, %

0 3 6 9 12 15 18 21 24 27
Time, months

20.0%

60.0%

20.0%

8.3% 15.9%

63.9% 43.2%

27.8%
40.9%

mPFS: 5.5 vs. 7.0 vs. 8.3 months
P=0.10

C3 PLR <150 (n=10)

C3 PLR 150–300 (n=36)

C3 PLR >300 (n=44)

C3 PLR
Objective response

P=0.29

C3 PLR >300 C3 PLR <150C3 PLR 150–300

PR
SD
PD

11.6%

65.1%

23.3%

14.9%

42.6%

42.6%

100

80

60

40

20

0

P
ro

gr
es

si
on

-f
re

e 
su

rv
iv

al
, %

0 3 6 9 12 15 18 21 24 27
Time, months

mPFS: 5.5 vs. 11.8 months
HR=2.28, 95% Cl: 1.32–3.94, P=0.003

Increased (n=43)

Decreased (n=47)

Dynamic changes of PLR
Objective response

P=0.052

PLR Increased PLR Decreased

PR
SD
PD

A

B

C
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Figure 4 Association between dynamic changes in the NLR and PLR and clinical outcomes. PR, partial response; SD, stable disease; PD, 
progressive disease; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; mPFS, median progression-free survival; HR, 
hazard ratio; CI, confidence interval.
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Table 2 Univariate and multivariate cox regression analyses of PFS

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

Female vs. male 1.72 (0.92–3.20) 0.09* 1.60 (0.89–2.87) 0.11

Age (≤65 vs. >65) years 1.26 (0.76–2.08) 0.37

Smokers vs. non-smokers 0.74 (0.45–1.23) 0.24

Histologic subtypes

SQCC vs. ADC 0.93 (0.45–1.92) 0.83

Other vs. ADC 1.35 (0.60–3.07) 0.47

TNM (stage IV vs. stage IIIB) 1.59 (0.64–3.98) 0.32

Molecular alteration (mutant vs. WT) 1.08 (0.49–2.37) 0.85

Chest radiation (yes vs. no) 0.31 (0.17–0.57) <0.001* 0.39 (0.18–0.85) 0.02*

Cranial radiation (yes vs. no) 0.51 (0.23–1.12) 0.09* 0.95 (0.35–2.59) 0.92

Bone radiation (yes vs. no) 0.70 (0.36–1.35) 0.28

Types of ICIs

ICIs + chemotherapy vs. ICIs monotherapy 0.63 (0.33–1.18) 0.14

ICIs + apatinib vs. ICIs monotherapy 0.97 (0.51–1.86) 0.93

Lines of treatment (>1 vs. first-line) 1.46 (1.08–1.96) 0.01* 1.26 (0.87–1.80) 0.22

The number of metastatic sites (>2 vs. ≤2) 2.07 (1.33–3.90) 0.003* 2.53 (1.25–5.12) 0.01*

Baseline NLR (≥5 vs. <5) 1.01 (0.55–1.87) 0.96

C3 NLR (≥5 vs. <5) 1.70 (0.90–3.22) 0.10

Dynamic changes in the NLR 

Increased versus decreased 1.87 (1.09–3.21) 0.02* 1.30 (0.70–2.42) 0.40

Baseline dNLR (≥3 vs. <3) 0.87 (0.49–1.54) 0.63

C3 dNLR (≥3 vs. <3) 1.67 (0.94–2.97) 0.08* 1.91 (0.92–3.96) 0.08*

Dynamic changes in dNLR

Increased versus decreased 1.49 (0.87–2.57) 0.15

Baseline PLR 

150–300 vs. <150 1.21 (0.73–2.01) 0.46

>300 vs. <300 0.92 (0.32–2.63) 0.87

C3 PLR

150–300 vs. <150 1.24 (0.71–2.14) 0.45 1.20 (0.38–3.79) 0.76

>300 vs. <300 2.24 (1.00–5.03) 0.05* 0.95 (0.36–2.50) 0.92

Dynamic changes in the PLR

Increased versus decreased 2.28 (1.32–3.94) 0.003* 2.27 (1.10–4.71) 0.03*

*, P value is less than 0.1. PFS, progression-free survival; SQCC, squamous cell carcinoma; ADC, adenocarcinoma; TNM, tumor-node-
metastasis; WT, wild-type; ICIs, immune checkpoint inhibitors; NLR, neutrophil-to-lymphocyte ratio; C3, cycle 3; dNLR, derived neutrophil-
to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; HR, hazard ratio; CI, confidence interval. 
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serves as an important factor in tumor development and 
progression (16). A wide variety of molecules, which are 
produced in the process of inflammation, can serve as 
potential predictive prognostic markers in NSCLC patients 
(34,35). In our study, dynamic changes in the NLR, dNLR, 
and PLR were significantly associated with the clinical 
outcomes of metastatic NSCLC patients treated with ICIs. 
Further, dynamic changes in the PLR could potentially be 
used to predict the efficacy of ICI therapy.

As is well known, inflammation plays an important 
role in the spreading of all kinds of tumors, and related 
molecules can be used to predict patient prognosis. 
High levels of peripheral neutrophils and neutrophil 
extracellular traps have been reported to be associated 
with tumor development and progression (36). Specifically, 
the inflammatory factors and growth factors released by 
neutrophils promote the growth of tumor cells, inhibit 
apoptosis, and promote angiogenesis, and ultimately 
result in tumor progression (36). Conversely, lymphocytes 
mainly exert anti-tumor effects via the regulation of 
cellular immunity (37). Platelets play an important role 
in tumor blood metastases by releasing platelet-derived 
growth factor (PDGF) and platelet-reactive protein (38,39). 
These findings suggest that hematological inflammatory 
parameters could serve as potential prognostic markers in 
cancer patients.

In this study, after two cycles of ICI treatment, the 
patients with a lower NLR and dNLR had a better ORR 
and median PFS than those with a higher NLR and dNLR. 
Moreover, the patients who had an increased NLR, dNLR, 
and PLR (C3 versus the baseline) had a lower ORR and 
an inferior median PFS than those with a decreased NLR, 
dNLR, and PLR. As previously reported, the prognostic 
value of pretreatment indexes is questionable (32,40). Our 
study results also indicated that the baseline NLR, dNLR, 
and PLR were not associated with the clinical outcomes 
of ICI therapy. These results highlight the vital role of 
the dynamic changes (rather than the baseline levels) of 
inflammatory parameters in predicting responses to ICIs 
and clinical outcomes.

Toge ther  w i th  t a rge ted  therap i e s ,  ICI s  have 
revolutionized the treatment and become an indispensable 
part of the standard treatment of all stages of NSCLC, 
including metastatic, locally advanced, and even early stage 
disease as part of a neoadjuvant therapy (3,41). Moreover, 
as a previous study have reported, serious immune-related 
adverse side effects after ICI treatment still occur in 
10–30% of cases (42). Therefore, effective and definitive 

biomarkers are still needed to confirm which patients are 
more likely to respond to treatments and to dynamically 
monitor the occurrence of toxic side effects.

At present, the expression of PDL1 in tumor tissues is 
still mainly used to predict responses to the PD-1/PD-L1  
blockade in both clinical research and clinical practice (11). 
In addition to PD-L1, the proportion or TILs and the 
TMB have also been proposed as important biomarkers. 
The different proportion or abundance of TILs can 
accurately predict the survival outcomes of patients with a 
variety of tumors (13,43). NSCLC patients with high TMB 
tumors have an improved ORR and improved PFS after ICI 
treatment (44). A TMB >10 mutations/megabase has been 
shown to predict the efficacy of ICI therapy (45). However, 
all of these measures require the availability of tumor tissues 
from patients, which is invasive and places risks and burdens 
on patients. Our results revealed that dynamic change 
in the PLR was an independent predictive factor of PFS 
in NSCLC patients who received ICI therapy. As is well 
known, regular blood routine examination is necessary for 
cancer patients after therapy. Thus, building a predictive 
model using peripheral blood biomarkers is practically 
feasible, and such a model could be used to facilitate the 
longitudinal follow-up of ICI treatment responses and 
monitor the occurrence of immune-related side effects.

Platelet elevation accelerates cancer progression and 
metastasis mainly by promoting angiogenesis and the 
production of adhesion molecules (38,39). Many studies 
have shown that platelet quantity is associated with 
prognosis and response to immunotherapy in NSCLC, 
colorectal cancer, and other tumors (46-49). Among them, 
the prognosis prediction efficacy of the platelet volume, 
platelet distribution width, PLR, platelet-related genes, 
and platelet-derived microparticles in circulating blood 
has been confirmed (30,50-52). In the present study, 
only dynamic change in the PLR was identified as an 
independent predictive factor of PFS in NSCLC patients 
receiving ICI treatment. This result may emphasize the 
more important role of platelets in the evaluation of the ICI 
efficacy, especially in NSCLC. In a recent study, researchers 
found that platelets from the blood of NSCLC patients 
could inhibit T-cell infiltration in tumors through PD-L1 
expression (46). Platelets can also serve as a physical barrier 
surrounding tumor cells, preventing natural killer cells from 
killing tumor cells (53,54). In addition, platelet-derived 
growth factors, such as PDGF and transforming growth 
factor-beta (TGF-β), promote tumor growth by accelerating 
tumor proliferation and promoting angiogenesis (38,55). 
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The above findings provide some evidence of the value of 
the PLR in predicting immunotherapy efficacy. However, 
the specific mechanisms by which platelets affect the 
efficacy of immunotherapy in lung cancer require further 
studies.

Conclusions

A decreased NLR and PLR is related to a better ORR and 
prolonged median PFS in NSCLC patients who receive 
ICI treatment. A further analysis revealed that dynamic 
change in the PLR was an independent factor in predicting 
PFS. This could help to identify patients with NSCLC who 
could benefit from ICI treatment.
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