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Abstract
Background  Immune checkpoint inhibitors (ICIs) offer durable progression-free survival (PFS) benefit in a subset of patients 
with advanced non-small cell lung cancer (NSCLC). However, the predictors of long-term PFS (LTPFS) remain unclear.
Methods  Advanced NSCLC patients receiving first-line ICIs monotherapy at Guangdong Lung Cancer Institute between 
December 2017 and August 2022 were identified. Predictive value of different characteristics was evaluated in LTPFS 
(PFS ≥ 24 months) compared with short-term PFS (STPFS, PFS ≤ 3 months). Circulating cytokine levels were evaluated in 
paired peripheral blood samples collected before and after ICIs treatment.
Results  Among 202 patients identified and 171 included (median follow-up: 41.0 months), 44 (25.7%) experienced LTPFS, 
associated with a 5-year overall survival (OS) rate of 81.2%. Squamous NSCLC, intermediate or poor lung immune prog-
nostic index (LIPI) score, and liver metastases, were negatively associated with LTPFS. High tumor mutational burden 
(TMB, ≥ 10 mutations/megabase) was enriched in LTPFS compared to STPFS (P = 0.002). Patients with both high TMB 
and PD-L1 demonstrated the greatest survival benefit from first-line ICIs monotherapy (median PFS: 24.5 months, median 
OS: 67.0 months). Thirty-eight peripheral blood samples were collected before and after ICIs treatment from 10 patients 
with LTPFS and 9 with STPFS, which revealed increased CCL11 (P = 0.013) and decreased IL1RA (P = 0.001) and IL17A 
(P = 0.003) levels in LTPFS after ICIs treatment.
Conclusion  Distinct clinical characteristics, including TMB, PD-L1, pathologic subtypes, LIPI score, number of organs 
involved, metastatic sites, and dynamic circulating cytokines profile features, can distinguish NSCLC patients achieving 
LTPFS from those with STPFS following first-line ICIs monotherapy.
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Introduction

Immune checkpoint inhibitors (ICIs) targeting programmed 
death 1 (PD-1) or programmed death ligand 1 (PD-L1) have 
become the cornerstone of treatment for advanced non-small 
cell lung cancer (NSCLC) since their approval. Current 
guidelines recommend first-line ICIs, either as monother-
apy or in combination with chemotherapy, based on PD-L1 
expression levels in patients without druggable oncogenes 
[1]. Phase III trials have demonstrated significant survival 
benefits of first-line pembrolizumab monotherapy com-
pared with platinum-based chemotherapy in PD-L1-positive 
advanced NSCLC without druggable genomic alterations, 
particularly for patients with a PD-L1 tumor proportion 
score (TPS) ≥ 50% [2, 3].
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Recently, KEYNOTE-024 and KEYNOTE-042 studies 
reported 5-year overall survival (OS) rates of 31.9% and 
21.9%, respectively, for patients with high PD-L1 expres-
sion, highlighting the potential for long-term survival and 
even curability in advanced NSCLC [2, 3]. These durable 
responses underscore a unique advantage of ICIs-based 
treatments. However, the majority of patients either fail to 
respond to ICIs or develop resistance within 12 to 24 months 
of initial disease control [4]. Furthermore, a subgroup of 
patients experiences early disease progression or death 
within the first 3 to 6 months of chemotherapy-free immu-
notherapy strategies [5, 6]. Identifying clinical and biologi-
cal markers predictive of long-term ICIs benefits is critical 
for selecting patients who may achieve durable responses 
without requiring intensified upfront treatments, such as 
chemotherapy.

Currently, no biomarkers other than PD-L1 have been 
established to guide immunotherapy strategies for NSCLC in 
China [7]. While patients with PD-L1 TPS ≥ 50% are more 
likely to benefit from ICIs monotherapy without combina-
tion chemotherapy, the role of PD-L1 in predicting long-
term survival remains controversial across studies [8, 9]. 
In clinical practice, clinicians often rely on comprehensive 
assessments of clinical characteristics, such as age, perfor-
mance status, pathological type, and baseline tumor size 
(BTS) [10]. Additional biomarkers, including tumor muta-
tional burden (TMB), tumor-infiltrating lymphocytes, cir-
culating cytokine signatures, neutrophil–lymphocyte ratio 
(NLR), platelet-lymphocyte ratio (PLR), lung immune 
prognostic index (LIPI) score, circulating tumor DNA, and 
the microbiome, require further investigation before clinical 
application [10–13].

The characteristics that predict long-term ICIs benefits 
are still not fully determined, mainly due to the general rar-
ity of long-term responders and the long follow-up required 
for identification. More data about the frequency, predic-
tive clinical features, and long-term outcomes of long-term 
ICIs benefits are needed. In this study, we characterize the 
clinical factors of patients according to the progression-free 
survival (PFS) following first-line ICIs monotherapy in a 
long follow-up cohort. Additionally, we explored dynamic 
circulating cytokine profiles before and after ICIs treatment 
to identify features of NSCLC patients who may derive sus-
tained benefits from ICIs.

Methods and materials

Study design

The clinical analysis cohort comprised consecutive NSCLC 
patients who received first-line ICIs monotherapy at Guang-
dong Lung Cancer Institute between December 2017 and 

August 2022, which were identified from an electronic 
database. No specific ICIs molecules were specified as 
inclusion criteria in this study; all frontline patients treated 
with various ICIs were included. The analysis of specific 
drugs administered and their proportions was conducted 
post-enrollment. The circulating cytokines analysis cohort 
prospectively included advanced NSCLC patients receiving 
ICIs between October 2020 and November 2021. Patients 
without available and paired peripheral blood samples 
obtained before and at 6 weeks after the initiation of ICIs 
were excluded. As of September 30, 2024, the median 
follow-up time for the clinical analysis cohort and the cir-
culating cytokines analysis cohort were 37.1 months and 
35.7 months, respectively.

Efficacy evaluation and grouping

Response Evaluation Criteria in Solid Tumors (RECIST) 
1.1 was used to assess efficacy to ICIs. PFS was defined 
as the time from the first ICIs prescription date to the first 
documented disease progression or death due to any cause. 
OS was defined as the time from the first ICIs prescription 
date to either the date of death or the final follow-up date. 
The data of patients who survived were censored.

According to the results of previous studies, long-term 
PFS (LTPFS) was defined as PFS ≥ 24 months, as patients 
without progressive disease (PD) at 24 months after ICIs 
treatment were likely to remain progression-free at 5 years 
and survive for more than 5 years, which was identified as 
long-term ICIs benefits population [8, 9]. Short-term PFS 
(STPFS) was defined as PFS ≤ 3 months, which included 
those experienced early death (deaths within the first 
3 months) or early progression (PD within 3 months) to 
ICIs [6, 14]. At the last follow-up, patients in the clinical 
analysis cohort who did not reach the PFS endpoints and 
had follow-up durations of less than 2 years were excluded 
from subsequent grouping analysis. The remaining patients 
were divided into LTPFS, non-LTPFS/non-STPFS (defined 
as 3 < PFS < 24 months), and STPFS groups for further anal-
ysis (Fig. 1).The circulating cytokines analysis cohort only 
included those with LTPFS or STPFS.

Clinical data collection

Pre-treatment clinical characteristics data, including 
age, gender, Eastern Cooperative Oncology Group Per-
formance Status (ECOG PS), smoking history, pathol-
ogy, PD-L1 expression, TMB, blood cell count (absolute 
neutrophil count, absolute lymphocyte count, absolute 
platelet count, and white blood cell concentration), lac-
tate dehydrogenase (LDH) level, driver alterations, and 
sites of disease at diagnosis, were retrieved from the 
electronic medical records. Additional data included the 
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best response and the incidence of adverse events (AEs) 
during the treatment. Driver-negative status was defined 
as the absence of EGFR, ALK, ROS1, RET, MET, BRA
F, KRAS, HER2, and NTRK alterations [15]. BTS was 
assessed using RECIST 1.1 and calculated as the max 
BTS (longest diameter of target lesions) and total BTS 
(sum of target lesion diameters) [10]. NLR was defined by 
[absolute neutrophil count]/[absolute lymphocyte count]. 
PLR was defined by [absolute platelet count]/[ absolute 
lymphocyte count]. LIPI score was calculated from LDH 
and derived NLR (dNLR; [absolute neutrophil count]/
[white blood cell concentration—absolute neutrophil 
count]) values [16].

Analyses of circulating cytokines

Peripheral blood samples were collected before and at 
6 weeks after the initiation of therapy based on the first 
time of efficacy assessment in clinical trials and previous 
studies [17]. All samples were heparinized and centri-
fuged at 3000 rpm for 5 min within 30 min of collection. 
The plasma supernatants were transferred to new tubes 
and stored at − 80 °C immediately until measurement. For 
this assay, the circulating cytokines test was conducted 
using Luminex Human Magnetic Assay Kit (R&D Sys-
tems, Minneapolis, USA) at the KingMed Diagnostics 
Laboratories (Guangzhou, China) in January 2022.

Statistical analyses

Statistical analyses were performed using the Statisti-
cal Package for Social Science (SPSS) software (ver-
sion 23) and GraphPad Prism software (Version 8). The 
Kaplan–Meier method was used to analyze the survival 
probability, and the log-rank test was used to calculate 
the significance of differences. For normally distributed 
data, differences between two groups were analyzed using 
the t-test, while the Mann–Whitney U test was applied for 
non-normally distributed data. Categorical variables were 
compared using the chi-square test or Fisher’s exact test.

Logistic regression was performed for the univariable 
and multivariable analyses to calculate the odds ratio 
(OR) and 95% confidence interval (95% CI). Pre-treat-
ment characteristic associated with LTPFS based on the 
univariate analyses were considered for the multivariate 
analysis. Variables with more than 10% missing data (like 
TMB) were excluded from the multivariate analysis. Only 
cases with complete data for all collected variables are 
analyzed in the multivariate analysis [18]. For circulating 
cytokine measurements below the lower limit of detec-
tion (LLOD), values were replaced with LLOD/√2 [19, 
20]. All reported P values are two-sided, and P < 0.05 was 
considered statistically significant.

Fig. 1   Flow diagram and grouping of the clinical analysis cohort. NSCLC: non-small cell lung cancer; PFS: progression-free survival; PD: pro-
gressive disease
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Results

Patient characteristics

The pre-treatment characteristics of the study participants 
are summarized in Table 1. A total of 202 patients with 

advanced NSCLC receiving first-line ICIs were identified 
in the clinical analysis cohort, with 171 patients included 
for grouping. All patients received anti-PD-1 inhibi-
tors alone, including pembrolizumab (200 mg i.v. every 
3 weeks), sintilimab (200 mg i.v. every 3 weeks), and 
nivolumab (3 mg/kg i.v. every 2 weeks) (Supplementary 

Table 1   Patient characteristics

Characteristics STPFS (n = 57) non-LTPFS/non-
STPFS (n = 70)

LTPFS (n = 44) Grouping population 
(n = 171)

Total population (n = 202)

Age, median (range) 65 (24, 86) 66 (39, 82) 66 (38, 82) 66 (24, 86) 66 (24, 86)
Gender, No. (%)
Female 7 (12.3) 12 (17.1) 3 (6.8) 22 (12.9) 24 (11.9)
 Male 50 (87.8) 58 (82.9) 41 (93.2) 149 (87.1) 178 (88.1)
Smoking history, No. (%)
 Current/ Former 42 (73.7) 48 (68.6) 35 (79.5) 125 (73.1) 144 (71.3)
Never 15 (26.3) 22 (31.4) 9 (20.5) 46 (26.9) 58 (28.7)
ECOG PS, No. (%)
0–1 44 (77.2) 69 (98.6) 42 (95.5) 155 (90.6) 184 (91.1)
 ≥ 2 13 (22.8) 1 (1.4) 2 (4.5) 16 (9.4) 18 (8.9)
Histology, No. (%)
Adenocarcinoma 25 (43.9) 43 (61.4) 29 (65.9) 97 (56.7) 120 (59.4)
Squamous 27 (47.4) 22 (31.4) 11 (25.0) 60 (35.1) 68 (33.7)
others 5 (8.7) 5 (7.2) 4 (9.1) 14 (8.2) 14 (6.9)
Brain metastases
With 14 (24.6) 15 (21.4) 11 (25.0) 40 (23.4) 47 (23.3)
Without 43 (75.4) 55 (78.6) 33 (75.0) 131 (76.6) 155 (76.7)
Liver metastases
With 19 (33.3) 8 (11.4) 1 (2.3) 28 (16.4) 29 (14.4)
Without 38 (66.7) 62 (88.6) 43 (97.7) 143 (83.6) 173 (85.6)
Total BTS, median 

(range)
85.0 (12.0, 236.0) 69.0 (12.0, 249.0) 61.0 (12.0, 182.0) 72.0 (12.0, 249.0) 71.0 (12.0, 249.0)

Max BTS, median 
(range)

52.0 (12.0, 114.0) 46.0 (12.0, 109.0) 45.0 (12.0, 99.0) 49.0 (12.0, 114.0) 50.0 (12.0, 114.0)

LIPI score, n (%)
Good 15 (26.3) 30 (42.9) 25 (56.8) 70 (40.9) 85 (42.1)
Intermediate 28 (49.1) 28 (40.0) 13 (29.5) 69 (40.4) 75 (37.1)
Poor 14 (24.6) 12 (17.1) 6 (13.6) 32 (18.7) 42 (20.8)
Number of organs involved, No. (%)
 ≤ 3 18 (31.6) 42 (60.0) 25 (34.1) 85 (49.7) 108 (3.5)
 > 3 39 (68.4) 28 (40.0) 19 (43.2) 86 (50.3) 94 (46.5)
PD-L1, No. (%)
TPS ≥ 50% 37 (64.9) 51 (72.9) 35 (79.5) 123 (71.9) 144 (71.3)
TPS < 50%, ≥ 1% 13 (22.8) 9 (12.9) 5 (11.4) 27 (15.8) 33 (16.3)
TPS < 1% 3 (5.3) 5 (7.1) 1 (2.3) 9 (5.3) 10 (5.0)
Not available 4 (7.0) 5 (7.1) 3 (6.8) 12 (7.0) 15 (7.4)
TMB, No. (%)
 ≥ 10 mut/Mb 13 (22.8) 20 (28.6) 20 (45.5) 53 (31.0) 61 (30.2)
 < 10 mut/Mb 15 (26.3) 17 (24.3) 3 (6.8) 35 (20.5) 39 (19.3)
Not available 29 (50.9) 33 (47.1) 21 (47.7) 83 (48.5) 102 (50.5)
NLR, median (range) 4.9 (1.7, 34.2) 3.6 (0.3, 15.6) 3.1 (1.1, 12.1) 4.1 (1.1, 34.2) 3.9 (0.3, 34.2)
PLR, median (range) 209.5 (48.8, 1475.9) 180.3 (52.3, 488.7) 153.0 (70.4, 409.6) 188.9 (48.8, 1475.9) 189.2 (48.8, 1475.9)



Cancer Immunology, Immunotherapy          (2025) 74:173 	 Page 5 of 11    173 

Table 1).The median age was 66 years (range: 24–86), 
with 87.1% (n = 149) being male, and 73.1% (n = 125) hav-
ing a smoking history. Most patients had an ECOG PS 
of 0–1 (90.6%, n = 155). Adenocarcinomas accounted for 
56.7% (n = 97) of the cases, with 71.9% (n = 123) dem-
onstrating PD-L1 TPS ≥ 50%. The median total and max 
BTS for all patients were 71.0 mm (range: 12.0–249.0) 
mm, and 50.0 mm (range: 12.0–114.0), respectively. None 
of the patients harbored EGFR or ALK alterations. The 
driver alterations involved KRAS (n = 44), BRAF (n = 3), 
RET (n = 1), HER2 (n = 1), while 99 patients were driver-
negative (Supplementary Table  2). The proportion of 
patients whose best response was partly response (PR), 
stable disease (SD), and PD were 38.6%, 34.5%, and 
14.6%, respectively. Grade ≥ 3 AEs occurred in 19.3% of 
patients, with 13.5% experiencing pneumonia of any grade 
(Supplementary Table 3).

Frequency and clinical outcomes of LTPFS

With a median follow-up of 37.1 months, the median PFS 
and OS in the clinical analysis cohort were 8.6 months and 
20.6 months, respectively (Fig. 2a and b). After excluding 
31 patients who had not reached the PFS endpoints and were 
followed up for less than 2 years, LTPFS occurred in 44 
patients (25.7%) and STPFS in 57 (33.3%) patients (Fig. 2c). 
The median PFS for LTPFS, non-STPFS/non-LTPFS, 

and STPFS groups were 55.0 months, 8.6 months, and 
1.8 months, respectively (Fig. 2d). In the LTPFS group, the 
median OS was not reached during the 41.0-month median 
follow-up, and the 5-year OS rate was 81.2%. In contrast, 
patients with STPFS had a median OS of 3.0 months, while 
those in the non-STPFS/non-LTPFS group had a median OS 
of 21.6 months (Fig. 2e).

Clinical characteristics of LTPFS

A higher proportion of patients with LTPFS achieved PR 
as best response (P = 0.003) (Fig.  3a). Non-squamous 
NSCLC was significantly associated with LTPFS (univari-
ate: OR 2.76, P = 0.018; multivariate: OR 3.14, P = 0.047) 
compared to squamous NSCLC. Patients with fewer than 
three organs involved had a higher likelihood of LTPFS 
than those with three or more organs involved (univari-
ate: OR 3.13, P = 0.006; multivariate: OR 4.13, P = 0.022). 
Conversely, patients with intermediate or poor LIPI scores 
had a lower probability of LTPFS (univariate: OR 0.15, 
P = 0.001; multivariate: OR 0.17, P = 0.040) compared 
to those with good scores. Liver metastases were nega-
tively associated with LTPFS in both univariate (OR 0.05, 
P = 0.003) and multivariate analyses (OR 0.09, P = 0.041). 
ECOG PS ≥ 2 and large total BTS (> 71.0 mm) showed 
a significant and negatively association with LTPFS in 
univariate analysis but not in multivariate analysis. No 

Fig. 2   Clinical outcomes in advanced NSCLC receiving first-line 
immunotherapy monotherapy. a Kaplan–Meier curves for PFS in the 
total population. b Kaplan–Meier curves for OS in the total popula-
tion. c Percentage of patients with LTPFS, STPFS, and non-STPFS/

non-LTPFS. d Kaplan–Meier curves for PFS among patients with 
LTPFS, STPFS, and non-STPFS/non-LTPFS. e Kaplan–Meier curves 
for OS among patients with LTPFS, STPFS, and non-STPFS/non-
LTPFS
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significant differences were observed concerning other 
clinical parameters, including age, gender, smoking his-
tory, incidence of any grade ≥ 3 AEs or any grade pneu-
monia, max BTS, or brain metastases (Fig. 3b, Supple-
mentary Table 4).

The predictive value of PD‑L1 and TMB in LTPFS

In univariate and multivariate analyses, no significant differ-
ence in PD-L1 levels were observed between the STPFS and 
LTPFS groups by a cut-off value of 50%. We found a numer-
ically higher fraction of patients with LTPFS accompanied 
by PD-L1 TPS ≥ 50%. No significant differences in PFS or 
OS were identified between those with PD-L1 TPS ≥ 50% 
and those with PD-L1 TPS < 50% (Supplementary Fig. 1). 
Then we analyzed the association of TMB level and LTPFS. 
Patients with LTPFS were significantly enriched for TMB ≥ 
10 mut/Mb compared to those with STPFS (P = 0.002) and 
non-STPFS/non-LTPFS (P = 0.004) (Fig. 4a). Patients with 
TMB ≥ 10 mut/Mb showed extended PFS and OS compared 
to those with TMB < 10 mut/Mb (median PFS: 11.1 vs. 
6.1 months, P < 0.001; median OS: 32.3 vs. 11.0 months, 
P < 0.001) (Fig. 4b and c). When combining TMB level 
with PD-L1 status in 93 patients with available data in both 
TMB and PD-L1, patients with LTPFS were significantly 
enriched for TMB ≥ 10 mut/Mb as well as PD-L1 TPS ≥ 
50% (P = 0.001) (Fig. 4d). These patients demonstrated the 
greatest survival benefit from first-line ICIs monotherapy, 
with a median PFS of 24.5 months and a median OS of 67.0 
months (Fig. 4e and f).

Association of NLR and PLR with LTPFS

Pre-treatment NLR and PLR have been reported as prog-
nostic or predictive biomarkers for immunotherapy. These 
immune function parameters, derived from peripheral blood 
cell classification and counts, reflect the interaction between 
systemic inflammation and overall immune function. In our 
cohort, patients with STPFS exhibited higher pre-treatment 
NLR compared to those with LTPFS (median: 4.87 vs. 
3.11, P = 0.005) and non-STPFS/non-LTPFS (P = 0.006). 
Similarly, pre-treatment PLR was elevated in patients with 
STPFS compared to LTPFS (median: 209.49 vs 153.00, 
P = 0.015) and non-STPFS/non-LTPFS (P = 0.043) (Fig. 5a 
and b).

Dynamic circulating cytokines features of LTPFS

Thirty-eight peripheral blood samples were collected from 
19 advanced NSCLC patients before and after the adminis-
tration of ICIs, comprising 10 patients with LTPFS and 9 
with STPFS from the circulating cytokines analysis cohort. 
The median age was 64 years (range: 50–82), with 78.9% 
being male, 68.4% having a smoking history, and 94.7% 
having an ECOG PS status of 0 to 1. Most tumors were 
adenocarcinomas (63.2%) with PD-L1 TPS ≥ 1% (58.0%) 
(Fig. 5c, Supplementary Table 5). No significant differences 
in detected circulating cytokines were observed between 
the STPFS and LTPFS groups at the single time point of 
baseline or 6 weeks. The detected cytokines were shown 
in Fig.  5c. However, following ICIs treatment, CCL11 
levels increased in most LTPFS patients while decreas-
ing in STPFS patients (median: 5.67 vs. − 1.21 pg/mL, 

Fig. 3   Clinical characteristics of LTPFS. a Stacked bar graphs show-
ing the percentage of patients with PR, SD, PD, and NA as the best 
response in the LTPFS, STPFS, and non-STPFS/non-LTPFS groups. 
b Forest plots of univariate and multivariate analyses assessing 

the association of clinical characteristics with LTPFS compared to 
STPFS. PR: partly response; SD: stable disease; PD: progressive dis-
ease; NA: not available
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P = 0.017). Conversely, IL1RA and IL17A levels declined in 
LTPFS patients ([IL1RA] median: − 175.30 vs. 269.60 pg/

mL, P = 0.001; [IL17A] median: − 2.00 vs. 3.76 pg/mL, 
P = 0.004) (Fig. 5c, Supplementary Fig. 2).

Fig. 4   Predictive value of PD-L1 and TMB in LTPFS. a Stacked 
bar graphs showing the percentage of patients with TMB ≥ 10  mut/
Mb and < 10  mut/Mb in the LTPFS, STPFS, and non-STPFS/non-
LTPFS groups. b Kaplan–Meier curves for PFS stratified by TMB. c 
Kaplan–Meier curves for OS stratified by TMB. d Stacked bar graphs 

showing the percentage of patients with different TMB and PD-L1 
statuses in the LTPFS, STPFS, and non-STPFS/non-LTPFS groups. 
e Kaplan–Meier curves for PFS stratified by the combination of TMB 
and PD-L1 status. f Kaplan–Meier curves for OS stratified by the 
combination of TMB and PD-L1 status

Fig. 5   Circulating biomarkers in predicting LTPFS. a Pre-treatment 
neutrophil–lymphocyte ratio in the LTPFS, STPFS, and non-STPFS/
non-LTPFS groups. b Pre-treatment platelet-lymphocyte ratio in the 

LTPFS, STPFS, and non-STPFS/non-LTPFS groups. c Changes in 
circulating cytokines after ICIs treatment between STPFS and LTPFS
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Discussion

In clinical practice, identifying patients who can achieve 
durable therapeutic effects with ICIs without the need for 
intensified upfront treatment through chemotherapy or 
other approaches is crucial. In this long follow-up clinical 
cohort, a relatively homogeneous population of patients 
receiving first-line ICIs alone was included. We described 
the frequency, predictive value of different characteristics, 
and long-term clinical outcomes of patients with LTPFS, 
who might represent those benefiting most from first-line 
ICIs monotherapy without additional intensive treatments.

Our results indicated that approximately one-quarter 
of patients treated with first-line ICIs monotherapy could 
achieve PFS exceeding 2 years, accompanied by a 5-year 
OS rate of more than 80.0%. These real-world data align 
with results from clinical trials, where approximately 
25.8% and 16.0% of patients completed 2 year of first-line 
pembrolizumab monotherapy, with a 5-year OS rate of 
81.4% in KEYNOTE-024 and a 6-year OS rate of 61.8% 
in KEYNOTE-042 [2, 3]. The durable responses represent 
a distinctive benefit of ICIs treatment. The identification 
of clinical and other biomarkers capable of discriminating 
LTPFS patients implies identifying those who truly ben-
efit from first-line ICIs monotherapy. Here, we reported 
that patients with squamous NSCLC, high tumor burden 
(> 3 disease organs involved at baseline), intermediate 
or poor LIPI score, and liver metastases were negatively 
associated with LTPFS, which is consistent with published 
data [6, 8, 10, 16, 21]. It was suggested that patients with 
these clinical features might not benefit from ICIs mono-
therapy, and more aggressive ICIs-based combination 
strategies might be recommended. BTS was identified as 
a prognostic factor for worse PFS in patients treated with 
ICIs monotherapy [10]. In our cohort, a large total BTS 
was significantly and negatively associated with LTPFS in 
univariate analysis but not in multivariate analysis, which 
might be explained by the increased number of affected 
organs from non-target lesions.

PD-L1 expression is commonly recommended as a 
predictive biomarker for identifying patients who derive 
the most benefit from ICIs monotherapy. However, in this 
study, the predictive value of PD-L1 for LTPFS was over-
shadowed by TMB. Patients with high PD-L1 expression 
combined with high TMB experienced the most durable 
survival benefits from first-line ICIs monotherapy. The 
limited predictive effect of PD-L1 in this cohort may 
be partially due to the small number of patients with 
PD-L1 < 50%. Whereas, consistent with our results, 
several studies have reported that high PD-L1 expres-
sion does not necessarily associated with durability of 
response to ICIs monotherapy [8, 9]. The Food and Drug 

Administration has approved pembrolizumab for unresect-
able or metastatic TMB-high (≥ 10 mut/Mb) solid tumors 
without satisfactory alternative treatment options and 
progression after prior therapy [22]. Several studies have 
described an association between high TMB and long-term 
survival benefits from ICIs. In a large real-world data set, 
higher TMB was concluded as a potential biomarker for 
prolonged benefit from ICIs, even in patients with low 
PD-L1 levels, where ICIs without chemotherapy could 
be considered [23]. Additionally, increasing TMB levels 
have been associated with greater immune cell infiltration 
[24]. In a prospective trial, TMB ≥ 10 mut/Mb was identi-
fied as a predictive marker for ICIs monotherapy, yield-
ing prolonged PFS and OS even in patients with PD-L1 
TPS < 50% [25].

Biomarkers obtained through minimally invasive meth-
ods are expected to distinguish LTPFS. We identified pre-
treatment NLR and PLR as candidate predictive features of 
LTPFS warranting further exploration in larger studies. Ele-
vated pre-treatment NLR and PLR have been associated with 
poorer outcomes in ICIs, possibly due to reduced circulating 
lymphocytes correlating with lower tumor-infiltrating lym-
phocyte levels [26, 27]. Circulating cytokines are identified 
as soluble mediators of host immune activity, which play 
critical roles in cancer immunotherapy [17, 28]. Our find-
ings highlighted dynamic changes in circulating cytokines, 
including CCL11, IL-1Ra, and IL-17A, as promising predic-
tive features to distinguish LTPFS from STPFS. Cytokines 
within the human body and tumor microenvironment exhibit 
diverse roles, with some exerting immunostimulatory effects 
and others promoting tumor activity through inflammatory 
inhibition [29]. CCL11 could induce eosinophils migra-
tion and activation, exerting tumoricidal effects by limiting 
angiogenesis and causing severe necrosis [30]. IL-1Ra, an 
anti-inflammatory cytokine, naturally antagonizes the IL-1 
receptor, counteracting the IL-1 signaling pathway. It has 
been reported that IL-1Ra levels in serum or tumor tissues, 
as well as their relationship with survival prognosis, vary 
across different types of cancer. This underscores the dual 
nature of IL-1Ra in tumor biology, which is highly depend-
ent on the specific context and interactions within the tumor 
microenvironment. Given the intricate nature of the tumor 
microenvironment, it is likely that specific regulatory mech-
anisms or cellular interactions enable IL-1Ra to predomi-
nantly demonstrate either tumor-promoting or tumor-sup-
pressive functions [31]. A recent study observed that those 
who respond to ICIs experience more pronounced decreases 
in IL-1Ra levels compared to non-responders, suggesting 
that an early decrease in serum IL-1Ra level could serve as 
a prognostic biomarker for ICIs treatment [32]. IL-17A has 
been reported to be associated with promoting cancer cell 
invasion and resistance to anti-PD-1 therapy by increasing 
PD-L1 expression in various cancers [33]. It is important 
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to note that some circulating cytokines change significantly 
during treatment, and their dynamic changes, rather than 
static values at a single time point, may be more relevant to 
efficacy [34]. According to our findings, it was suggested 
that patients with elevated plasma IL-1Ra and IL-17A levels 
early during ICIs treatment may require more aggressive 
combination regimens, which might serve as potential bio-
markers for adaptive treatment.

This study included only patients receiving first-line ICIs 
monotherapy to enhance population homogeneity and focus 
on identifying those who benefit most from ICIs. However, 
predictive features may differ between monotherapy and 
combination therapy. In addition, given the nature of a ret-
rospective study, TMB and PD-L1 expression data were una-
vailable for some patients. In particular, TMB data were not 
available for more than half of the patients in this study. The 
small sample size for cytokine measurements necessitates 
cautious interpretation, and further studies are required to 
validate these findings.

Conclusions

LTPFS occurred in approximately one-quarter of patients 
receiving first-line ICIs monotherapy, associated with a 
5-year OS rate of more than 80.0%. Distinct pre-treatment 
clinical characteristics, including TMB, PD-L1, pathologic 
subtypes, LIPI score, number of organs involved, and meta-
static sites, along with biomarkers such as pre-treatment 
NLR and PLR, and dynamic circulating cytokines profile 
features, can distinguish NSCLC patients with LTPFS.
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