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Background: Advanced non-small cell lung cancer (NSCLC) patients with poor performance status (PS) 
are likely to receive programmed cell death 1 (PD-1) inhibitors, despite limited evidence. The aim of the 
present study was to report the clinical outcomes and potential prognostic biomarkers in advanced NSCLC 
patients with poor PS receiving PD-1 inhibitors.
Methods: We conducted a retrospective study enrolling 101 advanced NSCLC patients from our hospital. 
Data of patients with poor PS 2–4 receiving PD-1 inhibitors were retrieved from medical records. Patients 
were stratified based on dichotomized baseline neutrophil-to-lymphocyte ratio (NLR), change in NLR 
(ΔNLR; 6 weeks post-treatment NLR minus baseline NLR), and their combination. The receiver-operating 
characteristic curve was used to assess the best cutoff for NLR. Multivariate Cox analysis was used to evaluate 
the prognostic value of NLR and ΔNLR for patients’ survival. 
Results: The optimal cutoff for NLR was 4.5. The median follow-up was 25.7 months, baseline NLR 
≥4.5, and ΔNLR ≥0, which were independently and significantly associated with shorter overall survival 
(both P=0.002) and progression-free survival (P=0.004 for NLR and P<0.001 for ΔNLR). Furthermore, 
simultaneous elevation of the 2 factors was associated with worsened prognosis; patients with both NLR ≥4.5 
and ΔNLR ≥0 had significantly increased risk of death [hazards ratio (HR): 10.79, 95% confidence interval 
(CI): 4.30–27.10] and disease progression (HR: 10.49, 95% CI: 4.39–25.09), compared with both low NLR 
and ΔNLR patients. Patients with either NLR ≥4.5 or ΔNLR ≥0 showed an intermediate risk for death (HR: 
3.12, 95% CI: 1.35–7.21) and progression (HR: 3.45, 95% CI: 1.62–7.36).
Conclusions: High baseline NLR and increased post-treatment NLR might aid in the stratification of high 
progression and death risk groups in advanced NSCLC patients with poor PS receiving PD-1 inhibitors.
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Introduction 

Up to 34% of lung cancer patients have poor Eastern 
Cooperative Oncology Group performance status (ECOG 
PS) 2–4 at the time of diagnosis (1). For advanced non-
small cell lung cancer (NSCLC) patients with poor PS, 
targeted therapy with low toxicity is recommended for 
a small number of patients who have detectable genetic 
mutations. For patients with PS 3–4, chemotherapy is 
no longer recommended, and the best supportive care 
recommended is standard palliative radiotherapy (1,2). The 
prognosis of this specific population is generally poor in the 
pre-immunotherapy era. 

The success of anti-programmed cell death 1 (PD-1)  
therapy has revolutionized the treatment landscape for 
NSCLC patients, however the survival benefit in poor PS 
patients remains controversial, mainly due to the inclusion 
criteria of most clinical trials of patients with PS 0–1. So far, 
only 4 prospective trials, including a small number of PS 
2 patients receiving immunotherapy, have been published, 
with the overall response rate (ORR), median progression-
free survival (PFS), and overall survival (OS) ranging from 
20% to 27%, 3.6 to 4.4 months, and 4 to 9.8 months, 
respectively (3-6). Therefore, it is an urgent demand for 
NSCLC patients with PS 2–4 to investigate the safety and 
efficacy of immunotherapy.

A large proportion of patients receiving PD-1 inhibitors 
do not experience survival benefits due to the substantial 
heterogeneity of tumor tissue and the immune system. 
Approved biomarkers, including PD-L1, tumor mutational 
burden (TMB), and mismatch repair (MMR)/microsatellite 
instability (MSI), have limited predictive value because 
of the lack of tumor tissue and molecular analyses (7). 
Therefore, it is critical to explore non-invasive and cost-
effective potent biomarkers that could predict treatment 
outcomes dynamically. And then, some researchers pay 
attention to neutrophil-to-lymphocyte ratio (NLR), 
defined as the absolute neutrophil count (ANC) divided by 
the absolute lymphocyte count. NLR is simple, easy-to-
calculate, combining at least 2 blood cell subpopulations, 

and is accessible from routine complete blood cell counts, 
which could reflect the systemic inflammatory status and 
has been proved to be associated with poor outcomes of 
treatment for NSCLC patients (8-12). So we adopted 
it as less-invasive and non-expensive biomarker of 
immunotherapy for NSCLC patients with PS 2–4.

In the present retrospective study, we aimed to investigate 
the relationship between NLR and clinical outcomes of anti-
PD-1 therapy for advanced NSCLC patients with poor PS. 

We present the following article in accordance with the 
REMARK reporting checklist (available at http://dx.doi.
org/10.21037/tlcr-21-43).

Methods

Patients

The Institutional Review Board of the Chinese People’s 
Liberation Army General Hospital (Beijing, China) approved 
the review of the medical records (approval number: S2018-
092-01). All procedures performed in this study involving 
human participants were in accordance with the Declaration 
of Helsinki (as revised in 2013). Individual consent for this 
retrospective analysis was waived. A total of 704 consecutive 
patients with histologically confirmed advanced NSCLC 
receiving PD-1 inhibitor treatment between January 1, 2015 
and December 31, 2019 were reviewed; of these patients, 101 
patients with poor ECOG PS 2–4 were included in the final 
analysis. Demographic, clinical, and pathological data were 
also collected. Tumor assessment was performed at baseline 
and then after every 2 cycles of anti-PD-1 treatment, which 
was generally every 6 weeks. Radiographic responses were 
classified according to the response evaluation criteria in solid 
tumors (RECIST 1.1).

Data collection

Complete blood cell counts with differential counts at 
baseline (within 7 days before the first anti-PD-1 treatment) 
and 6 weeks after the first anti-PD-1 treatment were 
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extracted. We counted the number of neutrophil and 
lymphocyte in serum, and calculated the ratio of neutrophil/
lymphocyte. Baseline NLR was defined as the ratio prior 
anti-PD-1 treatment, furthermore ΔNLR was defined as  
6 weeks post-treatment NLR minus baseline NLR.

To further evaluate the prognostic relevance of a 
combination of baseline NLR and ΔNLR, patients were 
stratified based on baseline NLR ≥4.5 and ΔNLR ≥0, 
characterizing 3 groups (group a, zero factors; group b, 
1 factor; group c, 2 factors). Patients with NLR <4.5 and 
ΔNLR <0 were included in group a; either NLR ≥4.5 or 
ΔNLR ≥0 were included in group b; NLR ≥4.5 and ΔNLR 
≥0 were included in group c.

Statistical analysis

OS was calculated from the first PD-1 inhibitor treatment 
until death or the last follow-up (censored). PFS was 
derived from the first PD-1 inhibitor treatment until the 
first documented disease progression (PD), death, or the 
last follow-up (censored). The ORR was the proportion of 
patients with best responses of complete response (CR) or 
partial response (PR); the disease control rate (DCR) was 
the proportion of patients with CR, PR, or stable disease.

Patients’ clinical characteristics were compared using 
Fisher's exact test for discrete variables and the Wilcoxon 
rank sum test for continuous variables. The optimal cutoff 
value for baseline NLR was evaluated by the analysis of the 
time-dependent receiver-operating characteristic (ROC) 
curve, and the area under the curve (AUC) was determined. 
Survival analyses were performed using the Kaplan-Meier 
method and the log-rank test. Variables with P<0.05 in the 
univariate analysis were included in the final multivariate 
Cox model. All P values were from 2-sided tests and were 
considered statistically significant at P<0.05. SPSS version 
25.0 with Stata version 15.1, was used for the statistical 
analyses. 

Results

Patient characteristics

Between January 1, 2015 and December 31, 2019, 704 
advanced NSCLC patients received PD-1 inhibitors at 
the Chinese People’s Liberation Army General Hospital. 
Of these, 101 patients with poor ECOG PS 2–4 were 
included in the study. The patients’ demographic and 
clinical characteristics are summarized in Table 1. The 

majority of the 101 patients had an ECOG PS score of  
2 (65.3%), followed by scores of 3 (30.7%), and 4 (4.0%). 
Forty-nine patients were ≥65 years of age (48.5%), 72 were 
male (71.3%), 29 were female (28.7%), 67 were diagnosed 
with adenocarcinoma (66.3%), and 90 had stage IV disease 
(89.1%). Twenty-seven (26.7%), 32 (31.7%) and 42 (41.6%) 
patients received immunotherapy as systemic first, second, 
third and subsequent line therapy, respectively. Forty-nine 
(48.5%) patients received nivolumab and 47 (46.5%) received 
pembrolizumab. The PD-1 inhibitor agents (others) were 
three PD-1 inhibitors produced by Chinese pharmaceutical 
companies, i.e., sintilimab (1 patients), camrelizumab  
(1 patients), toripalimab (3 patients). As of July 20, 2020, 13 
(12.9%) patients were still alive. The median follow-up was 
25.7 months [95% confidence interval (CI): 13.4–37.9], the 
median OS and PFS were 9.0 (95% CI: 6.3–11.8) and 4.3 
(95% CI: 3.2–5.3) months, respectively. The ORR and DCR 
were 19% and 63%, respectively (Table 2).

Our univariate analysis showed that only high levels of 
baseline NLR and increased post-treatment NLR were 
significantly associated with OS [hazards ratio (HR): 2.28, 
95% CI: 1.41–3.67, P<0.001 for NLR; HR: 2.11, 95% CI: 
1.31–3.38, P=0.002 for ΔNLR) and PFS (HR: 2.21, 95% 
CI: 1.41–3.48, P<0.001 for NLR; HR: 1.94, 95% CI: 1.25–
3.01, P=0.003 for ΔNLR) (Table S1). 

Baseline NLR and survival

The time-dependent ROC curve was used to determine 
the optimal cutoff for survival (Figure S1). The AUC was 
0.711 (P=0.050). The optimal cutoff of baseline NLR, as 
determined by the AUC, was 4.5. Forty-five (44.6%) and 
56 patients (55.4%) presented with baseline NLR <4.5 and 
≥4.5, respectively. There were no significant differences 
in baseline characteristics between the low and high NLR 
groups.

Median OS and PFS were 12.9 (95% CI:  9 .6– 
16.3 months) and 6.6 months (95% CI: 4.4–8.8 months), 
respectively, for patients with NLR <4.5, and 6.1 (95% 
CI: 4.8–7.3 months) and 2.9 months (95% CI: 2.4– 
3.4 months), respectively, for patients with NLR ≥4.5 (both 
P<0.001) (Figure 1A,B). The multivariate analysis showed 
that only high levels of NLR were significantly associated 
with increased risk of death (HR: 2.32, 95% CI: 1.38–3.91, 
P=0.002) and disease progression (HR: 2.01, 95% CI: 1.24–
3.24, P=0.004) (Table 3). 

The ORR (29% vs. 11%, P=0.039) and DCR (78% vs. 
52%; P=0.020) were also significantly higher in the low 
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Table 1 Baseline patient demographic and clinical characteristics

Characteristic Overall
Baseline NLR, n (%) ΔNLR, n (%)

NLR 4.5 NLR ≥4.5 P ΔNLR <0 NLR ≥0 P 

Patients 101 45 56 44 57 

Median age [range], years 64 [33–88] 65 [33–88] 61 [35–87] 0.272 65 [35–87] 62 [33–88] 0.669 

Age 0.427 0.322 

<65 years 52 (51.5) 21 (46.7) 31 (55.4) 21 (47.7) 31 (54.4)

≥65 years 49 (48.5) 24 (53.3) 25 (44.6) 23 (52.3) 26 (45.6)

Sex 0.508 0.183 

Female 29 (28.7) 11 (24.4) 18 (32.1) 16 (36.4) 13 (22.8)

Male 72 (71.3) 34 (75.6) 38 (67.9) 28 (63.6) 44 (77.2)

ECOG PS 0.442 0.381 

2 66 (65.3) 32 (71.1) 34 (60.7) 32 (72.7) 34 (59.6)

3 31 (30.7) 11 (24.4) 20 (35.7) 11 (25.0) 20 (35.1)

4 4 (4.0) 2 (4.4) 2 (3.6) 1 (2.3) 3 (5.3)

Smoker status 0.417 0.225 

Never smoked 41 (40.6) 16 (35.6) 25 (44.6) 21 (47.7) 20 (35.1)

Current or former smoker 60 (59.4) 29 (64.4) 31 (55.4) 23 (52.3) 37 (64.9)

Histology 0.100 0.052 

Squamous 28 (27.7) 8 (17.8) 20 (35.7) 11 (25.0) 17 (29.8)

Adenocarcinoma 67 (66.3) 33 (73.3) 34 (60.7) 33 (75.0) 34 (59.6)

Others 6 (5.9) 4 (8.9) 2 (3.6) 0 (0.0) 6 (10.5)

Stage 1.000 0.203 

IIIB 11 (10.9) 5 (11.1) 6 (10.7) 7 (15.9) 4 (7.0)

IV 90 (89.1) 40 (88.9) 50 (89.3) 37 (84.1) 53 (93.0)

Prior chemotherapy 0.833 0.526 

No 34 (33.7) 16 (35.6) 18 (32.1) 13 (29.5) 21 (36.8)

Yes 67 (66.3) 29 (64.4) 38 (67.9) 31 (70.5) 36 (63.2)

Prior target therapy 0.553 1.000 

No 48 (47.5) 23 (51.1) 25 (44.6) 21 (47.7) 27 (47.4)

Yes 53 (52.5) 22 (48.9) 31 (55.4) 23 (52.3) 30 (52.6)

Prior thoracic radiotherapy 0.794 0.065 

No 83 (82.2) 38 (84.4) 45 (80.4) 40 (90.9) 43 (75.4)

Yes 18 (17.8) 7 (15.6) 11 (19.6) 4 (9.1) 14 (24.6)

Positive EGFR mutation 22 (21.8) 8 (17.8) 14 (25.0) 0.119 12 (27.3) 10 (17.5) 0.433 

Positive ALK translocation 1 (1.0) 1 (2.2) 0 (0.0) 0.441 1 (2.3) 0 (0.0) 0.689 

Table 1 (continued)
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NLR group compared with the high NLR group (Table 2).

ΔNLR and survival

Previous studies have suggested that the elevation of post-
treatment NLR, compared with pretreatment NLR, is 
associated with carcinogenesis and poor prognosis (13-15).  
Based on this, we categorized patients into decreased  
(ΔNLR <0) and increased (ΔNLR ≥0) post-treatment 
NLR group. We found that 43.6% and 56.4% of patients 
presented with ΔNLR <0 and ΔNLR ≥0, respectively. 
However, there were no statistically significant differences 
in baseline characteristics between the 2 groups.

The median OS and PFS were 12.2 (95% CI: 7.9– 
16.6 months) and 7.1 months (95% CI: 4.7–9.5 months), 

respectively, for patients with ΔNLR <0, and 6.7 (95% CI: 
5.5–8 months) and 3.3 months (95% CI: 2.6–4.1 months), 
respectively, for patients with ΔNLR ≥0; P=0.002 for OS 
and P=0.003 for PFS) (Figure 1C,D). The multivariate 
analysis showed that, prior to chemotherapy, and receiving 
antibiotics within 1 month before anti-PD-1 initiation 
(mainly due to infection and inflammation caused by non-
tumor factors) were significantly associated with worse PFS 
(Table 4). Notably, post-treatment increased NLR levels was 
independently associated with increased risk of death (HR: 
2.20, 95% CI: 1.35–3.58, P=0.002) and disease progression 
(HR: 2.52, 95% CI: 1.56–4.08, P<0.001) (Table 4).

Although the ORR (27% vs. 12%, P=0.078) and DCR 
(70% vs. 58%, P=0.299) were higher in the decreased post-
treatment NLR (ΔNLR <0) group compared with the 

Table 1 (continued)

Characteristic Overall
Baseline NLR, n (%) ΔNLR, n (%)

NLR 4.5 NLR ≥4.5 P ΔNLR <0 NLR ≥0 P 

PD-L1 expression 0.463 0.241 

<1 15 (14.9) 7 (15.6) 8 (14.3) 5 (11.4) 10 (17.5)

1–49 17 (16.8) 7 (15.6) 10 (17.9) 6 (13.6) 11 (19.3)

≥50 15 (14.9) 4 (8.9) 11 (19.6) 10 (22.7) 5 (8.8)

Not examined 54 (53.5) 27 (60.0) 27 (48.2) 23 (52.3) 31 (54.4)

Combined with other therapy 0.841 0.688 

No 47 (46.5) 20 (44.4) 27 (48.2) 19 (43.2) 28 (49.1)

Yes 54 (53.5) 25 (55.6) 29 (51.8) 25 (56.8) 29 (50.9)

Antibiotics received within 1 month before 0.212 0.681 

No 64 (63.4) 32 (71.1) 32 (57.1) 29 (65.9) 35 (61.4)

Yes 37 (36.6) 13 (28.9) 24 (42.9) 15 (34.1) 22 (38.6)

Immunotherapy as systemic 0.158 0.670 

1 27 (26.7) 14 (31.1) 13 (23.2) 11 (25.0) 16 (28.1)

2 32 (31.7) 17 (37.8) 15 (26.8) 16 (36.4) 16 (28.1)

≥3 42 (41.6) 14 (31.1) 28 (50.0) 17 (38.6） 25 (43.9)

PD-1 inhibition agent 0.293 0.841 

Nivolumab 49 (48.5) 20 (44.4) 29 (51.8) 23 (52.3) 26 (45.6)

Pembrolizumab 47 (46.5) 21 (46.7) 26 (46.4) 19 (43.2) 28 (49.1)

Others 5 (5.0) 4 (8.9) 1 (1.8) 2 (4.5) 3 (5.3)

ALK, anaplastic lymphoma kinase; CNS, central nervous system; ECOG PS, Eastern Cooperative Oncology Group Performance  
Status; EGFR, epidermal growth factor receptor; NLR, neutrophil-to-lymphocyte ratio; PD-1, programmed cell death 1; ΔNLR, 6 weeks  
post-treatment NLR minus baseline NLR.
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increased post-treatment NLR (ΔNLR ≥0) group, there 
were no statistically significant differences (Table 2).

Baseline NLR and ΔNLR and survival

To further evaluate the prognostic relevance of a 
combination of baseline NLR and ΔNLR, patients were 
stratified based on baseline NLR ≥4.5 and ΔNLR ≥0, 
characterizing 3 groups (group a, zero factors; group b, 1 
factor; group c, 2 factors). Fifteen patients with NLR <4.5 
and ΔNLR <0 were included in group a; 59 patients with 
either NLR ≥4.5 or ΔNLR ≥0 were included in group b; 
27 patients with NLR ≥4.5 and ΔNLR ≥0 were included in 
group c.

Median OS was 23.7 (95% CI: 9.1–38.2) versus 9.3 
(95% CI: 6.0–12.6) versus 4.4 (95% CI: 2.3–6.5) months 
for patients in groups a, b, and c, respectively (Figure 1E), 
and median PFS was 10.8 (95% CI: 1.0–20.6) versus 4.9 
(95% CI: 3.9–5.8) versus 2.7 (95% CI: 1.7–3.8) months 
(both P<0.0001) (Figure 1F). After adjusting for confounding 
factors, including age, prior chemotherapy, prior target 
therapy, epidermal growth factor receptor (EGFR) mutation 
status, antibiotics received within 1 month before, and 
treatment lines, the multivariate analysis showed that patients 
with high NLR and ΔNLR (group c) had a significantly 
increased risk of death (HR: 10.79, 95% CI: 4.30–27.10, 
P<0.0001) and disease progression (HR: 10.49, 95% CI: 
4.39–25.09, P<0.0001) when compared with patients with 

NLR <4.5 and ΔNLR <0 (group a) (Table 5). Patients with 
NLR ≥4.5 or ΔNLR ≥0 (group b) showed an intermediate 
risk for both death (HR: 3.12, 95% CI: 1.35–7.21, P=0.008) 
and disease progression (HR: 3.45, 95% CI: 1.62–7.36, 
P=0.001) (Table 5). There was no significant difference for 
NLR ≥4.5 or ΔNLR ≥0 in group b (Figure S2). Detailed 
information of the multivariate analysis is provided in  
Table S2.

ORR for groups a, b, and c was 53%, 15%, and 7%, 
respectively (P=0.002). DCR for groups a, b, and c was 
87%, 68%, and 41%, respectively (P=0.018) (Table 2). 

Discussion

In the present study, we demonstrated the efficacy of PD-1 
inhibitors in advanced NSCLC patients with poor PS, 
encountered during real-world practice, with our results 
suggesting that both high baseline NLR (NLR ≥4.5) 
and increased post-treatment NLR (ΔNLR ≥0) might be 
negative prognostic biomarkers of anti-PD-1 treatment in 
this population. Moreover, the simultaneous elevation of 
both pretreatment and post-treatment NLR was associated 
with a significantly increased risk of death and disease 
progression (Table 5).

Limited data are available on the safety and efficacy of 
immunotherapy in NSCLC patients with poor PS (16). 
Only 4 recently published clinical trials (CheckMate 171, 
CheckMate 153, CheckMate 817, and PePS2) include a small 

Table 2 Relationship between groups and response to anti-PD-1 treatment

Variable
Overall 
(n=101)

Baseline NLR, n [%] ΔNLR, n [%] NLR + ΔNLR, n [%]

NLR <4.5 
(n=45)

NLR ≥4.5 
(n=56)

P value 
ΔNLR <0 

(n=44)
ΔNLR ≥0 

(n=57)
P value

Group a 
(n=15)

Group b 
(n=59)

Group c 
(n=27)

P value

BOR

CR 0 [0] 0 [0] 0 [0] 0 [0] 0 [0] 0 [0] 0 [0] 0 [0]

PR 19 [19] 13 [29] 6 [11] 12 [27] 7 [12] 8 [53] 9 [15] 2 [7]

SD 45 [45] 22 [49] 23 [41] 19 [43] 26 [46] 5 [33] 31 [53] 9 [33]

PD 35 [35] 10 [22] 25 [45] 13 [30] 22 [39] 2 [13] 19 [32] 14 [52]

NA
†

2 [2] 0 [0] 2 [4] 0 [0] 2 [4] 0 [0] 0 [0] 2 [7]

ORR 19 [19] 13 [29] 6 [11] 0.039* 12 [27] 7 [12] 0.078 8 [53] 9 [15] 2 [7] 0.002*

DCR 64 [63] 35 [78] 29 [52] 0.020* 31 [70] 33 [58] 0.299 13 [87] 40 [68] 11 [41] 0.018*

*, P<0.05 indicates statistical significance; †, patients who had a baseline assessment by investigator review but no post-baseline  
assessment by data cutoff date, including discontinuation or death before first post-baseline scan. BOR, best overall response; CR,  
complete response; DCR, disease control rate; NA, not assessable; NLR, neutrophil-to-lymphocyte ratio; ORR, objective response rate; 
PD, progressive disease; PR, partial response; SD, stable disease; ΔNLR, 6 weeks post-treatment NLR minus baseline NLR.

file:///Users/../../œe´e`¯a°…¸/Youdao/Dict/7.2.0.0703/resultui/dict
https://cdn.amegroups.cn/static/public/TLCR-21-43-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-21-43-Supplementary.pdf
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NLR <4.5
NLR ≥4.5

NLR <4.5
NLR ≥4.5

NLR <4.5
NLR ≥4.5

∆NLR <0
∆NLR ≥0

∆NLR <0
∆NLR ≥0

44
57

45
56

45
56

44
57

38
34

36
36

26
15

26
15

22
16

24
14

12
7

13
6

13
8

15
6

10
2

8
4

10
3

9
4

4
0

3
1

6
2

7
1

3
0

2
1

2
2

4
0

3
0

2
1

1
0

1
0

1
0

1
0

0
0

0
0

0
0

0
0

∆NLR <0
∆NLR ≥0

Group a
Group b
Group c

Group a
Group b
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Figure 1 Kaplan-Maier survival curves of advanced NSCLC patients with poor performance status receiving PD-1 inhibitors grouped 
by each index. (A) OS of patients stratified by pretreatment NLR; (B) PFS of patients stratified by pretreatment NLR; (C) OS of patients 
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number of PS 2 NSCLC patients, showing results of ORR, 
median PFS and OS ranging from 20% to 27%, 3.6 to 4.4 
months, and 4.0 to 9.8 months, respectively (3-5). However, 
with the exception of PePS2, the populations of the other 
3 trials were heterogeneous, consisting of a mix of elderly 
patients and PS <2 patients with comorbidities. These clinical 
trials also lacked PS 3–4 patients and there is a need for 
immunotherapy in clinical practice for these patients. Thus, 

due to the lack of a sufficient number of studies and the 
inconsistency of the results, the survival benefit in poor PS 
patients receiving anti-PD-1 therapy remains controversial.

Another challenge is the selection of potential patients 
likely to benefit from immunotherapy among the poor 
PS population. In the PePS2 trial, patients with PD-
L1 ≥50 % expression had substantial improvement of 
ORR (27% vs. 47%), PFS (4.4 vs. 12.6 months), and OS 

Table 3 Multivariate analysis of the associations of baseline NLR and survival 

Characteristics
Overall survival Progression-free survival

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

Age ≥65 years 0.77 (0.45–1.31) 0.339 0.70 (0.41–1.19) 0.187 

Prior chemotherapy (yes) 1.47 (0.73–2.97) 0.282 1.79 (0.96–3.32) 0.066 

Prior target therapy (yes) 1.14 (0.59–2.21) 0.703 1.57 (0.86–2.85) 0.140 

Positive EGFR mutation (yes) 1.04 (0.52–2.206) 0.912 1.08 (0.58–2.03) 0.803 

Antibiotics received within 1 month before 1.17 (0.72–1.91) 0.531 1.53 (0.96–2.44) 0.074 

Immunotherapy as systemic

1 1 (ref) 1 (ref)

2 0.83 (0.35–2.0) 0.680 0.84 (0.39–1.78) 0.643 

≥3 0.71 (0.24–2.12) 0.537 0.68 (0.26–1.77) 0.423 

NLR ≥4.5 2.32 (1.38–3.91) 0.002* 2.01 (1.24–3.24) 0.004*

*, P<0.05 indicates statistical significance. HR, hazards ratio; CI, confidence interval; EGFR, epidermal growth factor receptor; ref,  
reference category; NLR, neutrophil-to-lymphocyte ratio.

Table 4 Multivariate analysis of the associations of ΔNLR and survival 

Characteristics
Overall survival  Progression-free survival

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

Age ≥65 years 0.86 (0.49–1.49) 0.590 0.70 (0.40–1.22) 0.203 

Prior chemotherapy (yes) 1.56 (0.73–3.36) 0.251 2.35 (1.21–4.57) 0.012*

Prior target therapy (yes) 1.02 (0.54–1.91) 0.957 1.70 (0.96–3.00) 0.070 

Positive EGFR mutation (yes) 1.18 (0.59–2.38) 0.642 1.15 (0.61–2.19) 0.668 

Antibiotics received within 1 month before 1.29 (0.78–2.12) 0.318 1.90 (1.18–3.06) 0.009*

Immunotherapy as systemic

1 1 (ref) 1 (ref)

2 0.96 (0.38–2.43) 0.936 0.73 (0.33–1.62) 0.438 

≥3 0.90 (0.31–2.65) 0.848 0.58 (0.23–1.51) 0.267 

ΔNLR ≥0 2.20 (1.35–3.58) 0.002* 2.52 (1.56–4.08) <0.001*

*, P<0.05 indicates statistical significance. HR, hazards ratio; CI, confidence interval; EGFR, epidermal growth factor receptor; ref,  
reference category; ΔNLR, 6 weeks post-treatment NLR minus baseline NLR.
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(9.8 vs. 14.6 months) compared with patients with PD-
L1 <1% expression (4). However, PD-L1 expression was 
not available for a proportion of the patients due to the 
absence of tumor tissue, invasiveness of biopsy, and highly 
expensive detection procedures. Therefore, biomarkers 
with good quality, as well as high sensitivity and selectivity, 
dynamically available, non-invasive, and cost-effective are 
ideal for predicting the efficacy of immunotherapy. 

Inflammation has been closely correlated with 
immunomodulation and the progression of tumors. The 
systemic inflammatory index, which is derived from routine 
blood parameters, such as elevated ANC, NLR, derived 
neutrophil-to-lymphocyte ratio (dNLR), absolute platelet 
count, platelet-to-lymphocyte ratio (PLR), and lactate 
dehydrogenase, have been suggested as independent 
biomarkers of poor outcomes for patients with various cancer 
types receiving PD-1 inhibitors, including NSCLC (17-22). 

In the present study, we investigated the relationship 
between NLR (or ΔNLR) and clinical outcomes of anti-
PD-1 therapy in advanced NSCLC patients with poor PS 
from real-world data. In accordance with published clinical 
trials, our study demonstrated that the ORR, median 
OS, and PFS were 19%, 9.0 (95% CI: 6.3–11.8), and 4.3 
(95% CI: 3.2–5.3) months, respectively. The mechanistic 
explanation for the prognostic outcomes of the NLR 
remains unclear. The lymphocyte has been known as the 
effector cell of antitumor response, and the number of 
tumor-infiltrating lymphocytes appears to be predictive of 
response to immune therapies (23,24). Recent studies found 
that blood neutrophils had the direct link with the number 
of infiltrated neutrophils, which may have the potential 
to compromise the antitumor immune response (25). 
Neutrophils not only target tumor cells but also indirectly 
affect other cells of the tumor microenvironment, playing 
an important role in the progression of tumors as well as 
metastases. This effect is achieved through the secretion 
and release of various chemokines and cytokines, including 

transforming growth factor beta, vascular endothelial 
growth factor, IL-6, and IL-8 (26). Moreover, a latest study 
demonstrated that there was an association between a higher 
neutrophil count and decreased CD8+ T cells in NSCLC 
cells, identifying neutrophilia could inhibit the antitumor 
immune response by inhibition of the cytotoxic activity of 
immune cells, particular activated CD8+ T cells (19). 

Notably, by analyzing the relationship between various 
variables and survival, we discovered that both high 
baseline NLR and increased post-treatment NLR were 
independently and significantly associated with poor 
survival outcomes. Furthermore, the simultaneous elevation 
of both factors were associated with a 10.79-fold increased 
risk of death and a 10.49-fold increased risk of progression 
(Table 5). High baseline NLR and increased post-treatment 
NLR were also significantly associated with reduced ORR 
and DCR (Table 2). In contrast, among patients who had 
low baseline NLRs (NLR <4.5), those who had decreased 
post-treatment NLRs (ΔNLR<0) and those who had both 
would have especially favorable prognoses. To the best 
of our knowledge, this is the first study to suggest that 
baseline NLR and post-treatment NLR might be of value 
as a prognostic biomarker to risk-stratify advanced NSCLC 
patients with poor PS receiving PD-1 inhibitors.

The present study has several limitations. First, our 
exploratory evaluation was retrospective and post hoc, which 
could result in inevitable biases, such as patients being lost 
to follow-up. Second, the analysis was performed using data 
from a single institution and an enrollment of a relatively 
small number of patients relative to the initial recruitment; 
therefore, the potential for selection bias might exist. Another 
limitation was the lack of a control cohort not receiving PD-1 
inhibitors, which meant that we were unable to establish 
whether NLR and ΔNLR were prognostic biomarkers only 
for anti-PD-1 therapy or general prognostic biomarkers for 
other treatments. Furthermore, the optimal threshold of 
NLR and ΔNLR in advanced NSCLC patients with poor PS, 

Table 5 Multivariate analysis of the associations of NLR and ΔNLR with survival 

Characteristic
Overall survival  Progression-free survival

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

Group a 1 (ref) 1 (ref)

Group b 3.12 (1.35–7.21) 0.008* 3.45 (1.62–7.36) 0.001*

Group c 10.79 (4.30–27.10) <0.0001* 10.49 (4.39–25.09) <0.0001*

*, P<0.05 indicates statistical significance. HR, hazards ratio; CI, confidence interval; NLR, neutrophil-to-lymphocyte ratio; ref, reference 
category; ΔNLR, 6 weeks post-treatment NLR minus baseline NLR.
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and a better prediction model combining NLR and ΔNLR 
with other predictive indexes, such as PD-1 expression and 
TMB, warrant further identification in a large, prospective 
cohort study.

Conclusions

To the best of our knowledge, the present study was the 
first to suggest that high baseline NLR, increased post-
treatment NLR, and their combination might serve as an 
unfavorable prognostic biomarker for outcomes in advanced 
NSCLC patients with poor PS receiving PD-1 inhibitors, 
which could support the identification of poor PS patients 
who are more likely or unlikely to benefit from anti-PD-1 
therapy. Further broad-spectrum, prospective studies are 
warranted for a better understanding of the prognostic 
value of NLR and ΔNLR.
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Supplementary

Figure S1 Time-dependent receiver-operating curve of baseline neutrophil-to-lymphocyte ratio for overall survival. AUC, area under the 
curve.

Figure S2 Kaplan-Meier curves of overall survival and progression-free survival  for patients stratified by baseline neutrophil-to-lymphocyte 
ratio (NLR) and 6 weeks post-treatment NLR minus baseline NLR (ΔNLR). (A) Overall survival; (B) progression-free survival.
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Table S1 Univariate analyses of factors associated with overall survival and progression-free survival

Characteristics
Overall survival  Progression-free survival

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

Age (years) 1.00 (0.97–1.01) 0.223 0.99 (0.97–1.00) 0.070 

Age ≥65 years 0.74 (0.47–1.17) 0.194 0.59 (0.38–0.90) 0.015*

Sex (male) 0.99 (0.60–1.64) 0.977 0.86 (0.54–1.37) 0.528 

ECOG PS 3–4 1.12 (0.70–1.81) 0.632 1.05 (0.67–1.63) 0.835 

Smoker status (current or former smoker) 0.85 (0.54–1.34) 0.482 0.89 (0.58–1.36) 0.583 

Histology 

Squamous 1 (ref) 1 (ref)

Adenocarcinoma 0.88 (0.53–1.46) 0.620 0.89 (0.55–1.43) 0.631 

Others 0.92 (0.34–2.45) 0.860 0.88 (0.33–2.34) 0.795 

Stage Ⅳ 2.32 (0.98–5.50) 0.056 1.91 (0.91–4.02) 0.090 

Prior chemotherapy (yes) 1.45 (0.88–2.38) 0.146 1.73 (1.10–2.73) 0.018*

Prior target therapy (yes) 1.24 (0.79–1.97) 0.352 1.75 (1.14–2.70) 0.011*

Prior thoracic radiotherapy (yes) 0.94 (0.52–1.68) 0.830 1.50 (0.88–2.57) 0.135 

Positive EGFR mutation (yes) 1.34 (0.78–2.32) 0.295 1.71 (1.02–2.88) 0.043*

Positive ALK translocation (yes) 0.55 (0.08–4.02) 0.556 0.31 (0.04–2.28) 0.249 

PD–L1 expression

<1 1 (ref) 1 (ref)

1–49 2.03 (0.86–4.82) 0.107 1.37 (0.66–2.86) 0.398 

≥50 0.88 (0.32–2.37) 0.795 0.72 (0.33–1.59) 0.417 

Not examined 1.63 (0.80–3.34) 0.183 1.02 (0.56–1.85) 0.961 

Combined with other therapy (yes) 0.79 (0.50–1.24) 0.307 0.94 (0.61–1.43) 0.755 

Antibiotics received within 
1 month before (yes)

1.27 (0.79–2.03) 0.318 1.64 (1.06–2.53) 0.025*

Immunotherapy as systemic

1 1 (ref) 1 (ref)

2 1.30 (0.69–2.43) 0.420 1.62 (0.91–2.87) 0.100 

≥3 1.57 (0.87–2.86) 0.136 2.08 (1.20–3.60) 0.009*

PD–1 inhibition agent

Nivolumab 1 (ref) 1 (ref)

Pembrolizumab 1.38 (0.87–2.20) 0.173 1.23 (0.78–1.92) 0.373 

others 0.26 (0.04–1.93) 0.189 0.59 (0.18–1.90) 0.374 

NLR ≥4.5 2.28 (1.41–3.67) <0.001* 2.21 (1.41–3.48) <0.001*

ΔNLR ≥0 2.11 (1.31–3.38) 0.002* 1.94 (1.25–3.01) 0.003*

*, P<0.05 indicates statistical significance. ALK, anaplastic lymphoma kinase; CI, confidence interval; CNS, central nervous system; 
ECOG PS, Eastern Cooperative Oncology Group Performance Status; EGFR, epidermal growth factor receptor; HR, hazards ratio; NLR,  
neutrophil-to-lymphocyte ratio; PD-1, programmed cell death 1; ref, reference category; ΔNLR, 6 weeks post-treatment NLR minus  
baseline NLR.
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Table S2 Multivariate analysis of the associations of NLR and ΔNLR with survival 

Characteristics
Overall survival  Progression-free survival

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

Age ≥65 years 0.84 (0.46–1.54) 0.580 0.59 (0.33–1.05) 0.072 

Prior chemotherapy (yes) 2.06 (0.96–4.43) 0.063 2.72 (1.37–5.40) 0.004*

Prior target therapy (yes) 1.10 (0.56–2.17) 0.791 1.73 (0.94–3.20) 0.080 

Positive EGFR mutation (yes) 1.33 (0.63–2.78) 0.452 1.22 (0.61–2.44) 0.574 

Antibiotics received within 1 month before 1.00 (0.61–1.66) 0.989 1.44 (0.90–2.31) 0.125 

Immunotherapy as systemic

1 1 (ref) 1 (ref)

2 0.77 (0.32–1.89) 0.571 0.68 (0.31–1.48) 0.392 

≥3 0.48 (0.15–1.52) 0.212 0.37 (0.13–1.05) 0.061 

Group a 1 (ref) 1 (ref)

Group b 3.12 (1.35–7.21) 0.008* 3.45 (1.62–7.36) 0.001*

Group c 10.79 (4.30–27.10) <0.0001* 10.49 (4.39–25.09) <0.0001*

*, P<0.05 indicates statistical significance. CI, confidence interval; EGFR, epidermal growth factor receptor; HR, hazards ratio; NLR,  
neutrophil-to-lymphocyte ratio; ref, reference category; ΔNLR, 6 weeks post-treatment NLR minus baseline NLR.
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