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Abstract
Backgroud Immune checkpoint inhibitor (ICI) plus chemotherapy has become the standard of care for advanced 
non-small cell lung cancer (NSCLC). Nonetheless, reliable efficacy biomarkers of ICI plus chemotherapy are lacking. In 
this research, we sought to explore efficacy biomarkers and construct robust prognostic models in NSCLC patients 
treated with ICI plus chemotherapy.

Methods We retrospectively analyzed 171 patients with advanced NSCLC treated with ICI plus chemotherapy. 
Clinical characteristics and peripheral blood inflammatory indexes were collected and prognostic models were 
constructed to explore efficacy and prognosis biomarkers of ICI plus chemotherapy.

Results In the cohort that received first-line ICI plus chemotherapy, pre-treatment neutrophil-to-lymphocyte ratio 
(NLR) > 3.3 and fibrinogen (FIB) > 3.196 were associated with worse efficacy and were independent risk factors of 
progression-free survival (PFS). Compared to programmed cell death ligand 1 (PD-L1), the derived NLR-FIB (NF) score 
had significantly improved accuracy in predicting efficacy and prognosis. In advanced NSCLC patients with targetable 
oncogenic driver alterations receiving second- or post-line ICI plus chemotherapy, pre-treatment NLR > 3.53 was 
associated with worse efficacy and was an independent risk factor of PFS and OS; Tyrosine kinase inhibitor (TKI)-
PFS > 12 months were independent risk factors of overall survival (OS). Secondary epidermal growth factor receptor 
(EGFR)-T790M mutation, platelet-to-lymphocyte ratio (PLR) > 196.81 and albumin (ALB) < 40.25 were associated with 
worse PFS. Based on NLR and TKI-PFS, an NLR-TKI-PFS (NTP) score was constructed with three OS risk prognosis 
categories: favorable, intermediate, and poor (corresponding to a median OS of 21, 12, and 5.3 months).

Neutrophil-to-lymphocyte ratio-based 
prognostic score can predict outcomes 
in patients with advanced non-small cell lung 
cancer treated with immunotherapy plus 
chemotherapy
Shan Liao1, Huiying Sun1, Hao Lu1, Jiani Wu1, Jianhua Wu1, Zhe Wu1, Jingle Xi1, Wangjun Liao1,2* and 
Yuanyuan Wang1*

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-025-13811-y&domain=pdf&date_stamp=2025-4-14


Page 2 of 15Liao et al. BMC Cancer          (2025) 25:697 

Backgrounds
Lung cancer is a malignant tumor with among highest 
morbidity and mortality rates [1]. The development of 
immune checkpoint inhibitor (ICI) targeting the PD-1/
PD-L1 interaction has changed the treatment prospects 
for cancer patients, and ICI plus chemotherapy has 
become the first-line standard of care for patients with 
advanced non-small cell lung cancer (NSCLC) without 
targetable driver gene alterations [2–4]. However, only 
15–30% of patients achieve long-term survival [5, 6]. 
Therefore, to improve the efficacy of ICI plus chemo-
therapy and achieve the goal of precision treatment, the 
exploration of ICI plus chemotherapy biomarkers has 
received considerable attention.

PD-L1 stands out as one of the most well-established 
and extensively validated predictive biomarkers for ICI in 
NSCLC [7]. Patients with a PD-L1 tumor cell proportion 
score (TPS) ≥ 50% are most likely to benefit from ICI and 
can be treated with ICI monotherapy [8, 9]. Nevertheless, 
people with high PD-L1 expression account for only 27% 
of the total population, most NSCLC patients have low 
PD-L1 expression and their 5-year survival rate with ICI 
plus chemotherapy remains below 20% [5]. Besides, some 
PD-L1-negative patients may still benefit from ICI plus 
chemotherapy [10, 11]. Therefore, the use of PD-L1 as a 
marker for ICI plus chemotherapy is not ideal. Similarly, 
current studies yield inconsistent results regarding the 
predictive value of tumor mutational burden (TMB) for 
ICI [12–14]. Moreover, according to the tumor microen-
vironment (TME), the immune cell status can be used to 
categorize tumor immune infiltration patterns, thereby 
enabling prediction of the efficacy of ICI [15]. Nonethe-
less, challenges remain in effectively applying this to clin-
ical practice.

Current immunological predictive markers have been 
explored from various perspectives such as at cellu-
lar level [16], DNA level [17, 18], protein level [19–22], 
and patients’ intrinsic factors (e.g., inflammation and 
nutritional indicators) [23]. Compared with tissue sam-
ple-based assays, patients’ intrinsic factors have the 
advantages of being cost-effective, noninvasive, and easily 
accessible. Therefore, in this study, we primarily focused 
on exploring patients’ intrinsic factors to find more 
robust markers that can predict the response to ICI plus 
chemotherapy than PD-L1 expression level.

Chronic inflammation and immune evasion are the 
main features of cancer occurrence and development 
[24]. Previous research has elucidated the molecular 
mechanisms of inflammation-related carcinogenesis and 
found several candidate biomarkers [18, 21]. Moreover, 
some peripheral blood inflammatory markers have been 
found to be related to the prognosis of ICI monotherapy 
in NSCLC, such as the neutrophil-to-lymphocyte ratio 
(NLR) and derived NLR (dNLR) [25–29]. However, their 
prognostic value in patients who receive ICI plus che-
motherapy is still unknown. For example, based on the 
dNLR and lactate dehydrogenase (LDH), Mezquita et al. 
developed a lung immune prognostic index (LIPI) status 
for patients with advanced NSCLC treated with first-line 
ICI and showed that good LIPI status was associated with 
better clinical outcomes [29]. However, Wang et al. dem-
onstrated that LIPI status could be a prognostic marker 
of the treatment response to ICI monotherapy but not 
to ICI plus chemotherapy [30]. Furthermore, studies 
that amalgamate multiple peripheral blood inflamma-
tory markers in first-line ICI plus chemotherapy and 
offer cross-sectional comparisons with PD-L1 remain 
relatively scarce. Consequently, one objective of this 
study was to explore cost-effective, noninvasive, and eas-
ily accessible markers in combination with PD-L1 or to 
discover superior biomarkers, elucidating their value in 
predicting the efficacy and prognosis of first-line ICI plus 
chemotherapy.

In addition to first-line ICI plus chemotherapy for 
patients without targetable oncogenic driver altera-
tions, we also addressed second-line immunotherapy 
for patients with targetable oncogenic driver alterations 
after developing resistance to targeted therapy. Epi-
dermal growth factor receptor tyrosine kinase inhibi-
tors (EGFR-TKIs) have shown outstanding efficacy in 
the treatment of patients with EGFR-mutated NSCLC 
[31, 32]; however, nearly all patients eventually develop 
drug resistance. Among patients with resistance to first- 
or second-generation EGFR-TKIs, 50% have T790M 
resistance mutations, which is sensitive to third-gen-
eration EGFR-TKI therapy [33]. However, for patients 
with unknown resistance mechanisms who do not have 
T790M mutations or who have failed third-generation 
EGFR-TKI therapy, rescue treatment remains a challeng-
ing issue in clinical practice [34]. Chemotherapy has been 

Conclusions The noninvasive NF score, combining NLR > 3.3 and FIB > 3.196, was superior to PD-L1 estimated from 
tumor tissue in predicting the efficacy and prognosis of first-line ICI plus chemotherapy in advanced NSCLC patients. 
The noninvasive NTP score, combining NLR > 3.53 and TKI-PFS > 12 months, is a valuable tool for predicting OS and 
PFS in advanced NSCLC patients with targetable oncogenic driver alterations receiving second- or post-line ICI 
combination therapy.
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the standard of care for those patients with unknown 
resistance mechanisms after TKI treatment [35]. How-
ever, its effectiveness is limited, with median progres-
sion-free survival (mPFS) of only 4–5 months [36]. In 
addition, although ICI demonstrated greater effective-
ness than chemotherapy in second-line treatment [37–
39], second-line ICI monotherapy was not superior to 
standard chemotherapy regimens for patients harboring 
driver gene mutations, with an objective response rate 
(ORR) of only about 10–20% and a mPFS of only 2–3 
months [40]. Our previous research also explained the 
poor efficacy of ICI monotherapy as a result of the immu-
nosuppressive microenvironment from the perspective 
of the TME [41]. Preclinical studies have shown that che-
motherapy can activate immune responses through vari-
ous mechanisms and has a synergistic effect when used 
in combination with ICI [42]. Second-line ICI plus che-
motherapy have yielded promising outcomes. A clinical 
study demonstrated a mPFS of up to 7 months in EGFR-
TKI-resistant patients without T790M mutation treated 
with ICI plus chemotherapy [43]. Consistently, favor-
able findings in clinical trials such as IMPOWER 150 
and ORIENT-31 also demonstrated higher efficacy with 
the addition of ICI to bevacizumab and chemotherapy 
than with the standard of care [44–46]. As a result, the 
combination immunotherapy obtained approval from 
the National Medical Products Administration for its 
indications, making it currently the highest-evidence 
treatment option in evidence-based medicine. Nonethe-
less, the results of the IMPOWER 151 study presented 
at the 2023 World Conference on Lung Cancer (WCLC) 
Annual Meeting did not find a clinical benefit of the 
four-drug regimen comprising bevacizumab plus chemo-
therapy containing a PD-L1 monoclonal antibody over 
bevacizumab in combination with chemotherapy. Tak-
ing these findings together, controversy remains regard-
ing second-line treatment for patients with unexplained 
resistance mechanisms to EGFR-TKIs. Although ICI plus 
chemotherapy is a promising treatment strategy, clinical 
research data indicate limited benefits in the unscreened 
general population. Future development should move in 
a biomarker-driven direction to identify potential popu-
lations that would benefit from ICI combination therapy, 
thereby avoiding unnecessary medical expenses.

To date, predictive biomarkers for the outcomes of 
second-line ICI plus chemotherapy have not been iden-
tified [47]. The predictive value of the currently recog-
nized immunotherapy biomarker PD-L1 is debatable in 
second-line immunology [48, 49]. Zhou et al. conducted 
an analysis of peripheral blood immune cells using full-
spectrum flow cytometry and demonstrated that the 
expression type and level of immune checkpoint pro-
teins on immune cells are related to the outcomes of 
subsequent ICI plus chemotherapy in patients with 

EGFR-TKI-resistant NSCLC [50]. Nevertheless, the value 
of more cost-effective and easily accessible peripheral 
blood parameters, such as NLR, in predicting the prog-
nosis of TKI-resistant patients with NSCLC who are 
receiving ICI plus chemotherapy remains unclear. Con-
sequently, another objective of this study was to explore 
potential prognostic biomarkers for NSCLC patients 
with targetable oncogenic driver alterations from the 
perspective of peripheral blood indexes to offer valuable 
insights for guiding treatment decisions regarding sec-
ond- or post-line ICI combination therapy following the 
development of resistance to TKIs.

Methods
Study design and participants
We conducted a retrospective analysis involving 131 
patients with advanced NSCLC who attended Nanfang 
Hospital between January 2019 and October 2022 to 
receive first-line ICI plus chemotherapy. We also enrolled 
40 advanced NSCLC patients with targetable oncogenic 
driver alterations who exhibited unexplained resistance 
to TKI treatment to receive second- or post-line ICI com-
bination therapy. Among the patient cohort, individuals 
with comorbid hematologic or autoimmune diseases, 
co-infections, a history of hormone usage within 2 weeks 
prior to treatment initiation, or those lacking consistent 
follow-up were excluded from the study. The study was 
approved by the Ethics Committee of Nanfang Hospital.

Data collection
Data on patients’ clinical characteristics and laboratory 
tests were anonymized and extracted from the elec-
tronic medical record system. The unit measures for 
the laboratory variables are as follows: FIB: g/L; LDH: 
U/L; D-Dimer: ug/mL; CRP: mg/L; ALB: g/L; HGB: g/L. 
All peripheral blood indicators were collected 1 week 
before immunotherapy. Moreover, the PD-L1 expres-
sion (tumor proportion score (TPS)) was evaluated by 
PD-L1 IHC 22C3 pharmDx assay (Agilent Technolo-
gies China, Beijing, China). Therapeutic efficacy assess-
ment adopts the Response Evaluation Criteria in Solid 
Tumors 1.1 (RECIST 1.1), which includes categories of 
complete remission (CR), partial remission (PR), stable 
disease (SD), and progressive disease (PD). Recent effi-
cacy assessment is based on the ORR and disease control 
rate (DCR). The ORR is defined as the sum of the num-
ber of CR and PR cases divided by the total number of 
cases. DCR is defined as the sum of CR, PR, and SD cases 
divided by the total number of cases. Prognosis assess-
ment is based on PFS and overall survival (OS). PFS is 
defined as the time from the start of treatment to the 
first determination of tumor progression or the follow-
up endpoint. OS is defined as the time from the start 
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of treatment to death for any reason or the follow-up 
endpoint.

Statistical analysis
The NLR was calculated by dividing the absolute counts 
of neutrophils and lymphocytes measured in peripheral 
blood; the same applied to platelet-to-lymphocyte ratio 
(PLR). Analysis was conducted using the receiver oper-
ating characteristic (ROC) curve and area under the 
ROC curve (AUC), and the Youden Index was calculated 
based on the ROC curve. The maximum Youden Index 
are established as the optimal threshold values of NLR, 
PLR, fibrinogen (FIB), LDH, D-Dimer, C-reactive pro-
tein (CRP), albumin (ALB), and the CD4+/CD8 + T lym-
phocyte ratio, thereby dividing various peripheral blood 
indicators into two groups: high and low. The threshold 
for hemoglobin (HGB) in this study was set at 120  g/L 
according to the criteria for anemia.

We used chi-square tests or Fisher’s exact probabil-
ity method to compare the demographic characteristics 
of patients with count data or to compare the differ-
ences in treatment effectiveness between patient groups. 
Kaplan-Meier survival analysis was performed in the two 
patient groups, and differences between the groups were 
assessed using the log-rank test. Variables with P < 0.1 
were included in the multivariate regression analysis. 
Multivariate regression analysis was conducted using the 
Cox proportional hazards model. Differences in continu-
ous variables with a normal distribution among multiple 
groups were analyzed using one-way analysis of variance, 
and differences in continuous variables with a non-nor-
mal distribution among multiple groups were analyzed 
using nonparametric tests.

All data were analyzed using SPSS 25.0 software (New 
York, USA) and GraphPad Prism (version 9.0, USA). All 
P-values were based on two-sided hypotheses, with sta-
tistical significance set at P < 0.05.

Results
Patient characteristics in first-line ICI plus chemotherapy
In this study, we enrolled 131 patients with advanced 
NSCLC who did not have targetable oncogenic driver 
alterations and who received first-line combination 
immunotherapy. The median age of the study population 
was 59 years. Most patients were men (105/131, 80.2%), 
had a history of smoking (96/131, 73.3%), and had posi-
tive PD-L1 expression (74/98, 75.5%) (Table 1).

According to the ROC curves (Supplementary mate-
rial 1), the optimal cutoff values for NLR, FIB, LDH, 
D-Dimer, CRP, ALB, and the CD4+/CD8 + T lympho-
cyte ratio were 3.30, 3.92, 198.00, 0.53, 7.74, 43.95 and 
1.73 respectively. In the high NLR group, the number of 
patients in stage IV was significantly higher than that in 
the low NLR group (P = 0.001). However, there were no 
significant differences between different pre-treatment 
NLR levels and clinical characteristics such as sex, age, 
smoking status, pathological tissue type, baseline liver 
metastasis, baseline brain metastasis, and PD-L1 expres-
sion (Table 1).

Analysis of factors affecting efficacy of first-line ICI plus 
chemotherapy
The results showed that squamous carcinoma was corre-
lated with a better ORR than adenocarcinoma (P = 0.041) 
(Fig.  1A). In contrast, age, sex, liver metastasis, smok-
ing status, PD-L1 expression, NLR, HGB, LDH, FIB, 
D-dimer, ALB, CRP, and the CD4/CD8 + T lymphocyte 
ratio were not associated with the ORR of first-line ICI 
plus chemotherapy (Table 2). As for the DCR, a low NLR 
(P = 0.011) and low FIB (P = 0.024) were correlated with a 
better DCR than a high NLR and high FIB (Fig. 1B, 1 C). 
In contrast, age, sex, histology, liver metastasis, smok-
ing status, PD-L1 expression, HGB, CRP, ALB, LDH, 
D-Dimer, and the CD4/CD8 + T lymphocyte ratio were 
not associated with the DCR of first-line ICI plus chemo-
therapy (Table 2).

Univariate analysis revealed that only NLR and FIB 
were associated with DCR, in the pursuit of seek a 
more effective and comprehensive indicator, we further 
combined these two variables to establish the NLR-
FIB score (hereafter referred to as NF score). A score of 
1 was assigned for each risk factor when NLR > 3.3 or 
FIB > 3.915. These scores categorized patients accord-
ing to three groups: [1] Group 0 with low NLR and low 
FIB [2], Group 1 with high NLR or high FIB [3], Group 
2 with high NLR and high FIB. Fisher’s exact test dem-
onstrated that the DCR was 100% in Group 0, 97.9% in 

Table 1 Patient characteristics in first-line ICI plus chemotherapy
Characteristics Total 

(n)
NLR ≤ 3.3 NLR>3.3 P

Age (years) <60 68 52.1% 51.7% 0.959
≥ 60 63 47.9% 48.3%

Gender Male 105 80.3% 80.0% 0.968
Female 26 19.7% 20.0%

Histology Adenocarcinoma 82 60.6% 65.0% 0.701
Squamous 40 31.0% 30.0%
Others 9 8.4% 5.0%

Stage III 28 32.4% 8.3% 0.001*
IV 103 67.6% 91.7%

Smoking 
status

Yes 96 74.6% 71.7% 0.701
Never 35 25.4% 28.3%

Brain mets No 111 88.7% 79.2% 0.166
Yes 20 11.3% 20.8%

Liver mets No 105 83.1% 76.7% 0.358
Yes 26 16.9% 23.3%

PD-L1 TPS <1% 24 18.9% 31.1% 0.160
≥ 1% 74 81.1% 68.9%

(PD-L1 TPS, programmed cell death ligand 1 tumor cell proportion score.)
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Group 1, and 81.6% in Group 2 (P < 0.05) (Fig. 1D). ROC 
curves were plotted for predicting the DCR (Fig. 1E). The 
AUC values for the NLR, FIB, NF score, PD-L1, and NFP 
score (which incorporates both the NF score and PD-L1) 
were 0.778, 0.781, 0.798, 0.528, and 0.731, respectively, 
with corresponding P-values of 0.015, 0.014, 0.007, 0.804, 
and 0.009. These findings suggest that the value of the NF 
score for accessing the efficacy of first-line ICI combina-
tion therapy was superior to that of single indexes and 
even PD-L1 (TPS ≥ 1%).

Multivariate cox regression analysis of factors related to 
PFS in response to first-line ICI plus chemotherapy
Kaplan-Meier survival curves showed that stage IV, NLR, 
FIB, HGB, LDH, CRP, D-Dimer, and the CD4/CD8 + T 
lymphocyte ratio were correlated with PFS (Fig.  2A  H, 
Table  2). In multivariate Cox regression analysis, NLR 
(hazard ratio [HR] 3.834; 95% confidence interval [CI] 
2.228–48.294, P < 0.001) and FIB (HR 2.043; 95% CI 

1.755–3.552, P = 0.011) were independent prognostic fac-
tors for PFS (Table 3).

After screening by multivariate Cox regression, only 
NLR and FIB were independent prognostic factors for 

Table 2 Relationship between clinical characteristics and peripheral blood indexes and the outcome of first-line ICI plus 
chemotherapy
Variables Total (n) ORR P DCR P mPFS P
Age (years) <60 68 36.8% 0.875 91.2% 0.495 11.0 0.832

≥ 60 63 38.1% 95.2% 11.6
Gender Male 105 37.1% 0.901 92.4% 0.687 11.6 0.700

Female 26 38.5% 96.2% 10.6
Histology Adenocarcinoma 82 29.3% 0.041* 95.1% 0.134 11.3 0.500

Squamous 40 52.5% 92.5% 10.0
Stage III 28 50.0% 0.120 100% 0.203 17.0 0.004*

IV 103 34.0% 91.3% 10.0
Smoking status Yes 96 38.5% 0.656 91.7% 0.443 12.0 0.849

No 35 34.3% 97.1% 10.5
Liver mets No 111 39.6% 0.213 93.7% 0.626 12.3 0.120

Yes 20 25.0% 90.0% 10.0
PD-L1 TPS <1% 27 33.3% 0.779 87.5% 0.401 7.6 0.077

≥ 1% 79 36.5% 93.2% 12.3
NLR High 60 33.3% 0.376 86.7% 0.011* 7.0 < 0.001*

Low 71 40.8% 98.6% 17.7
HGB (g/L) High 89 37.4% 0.988 94.5% 0.454 15.0 0.002*

Low 40 37.5% 90.0% 7.6
CRP (mg/L) High 50 34.0% 0.554 92.0% 0.196 9.0 0.001*

Low 53 39.6% 98.1% 15.5
ALB (g/L) High 28 42.9% 0.501 96.4% 0.683 15.0 0.769

Low 103 35.9% 92.2% 10.6
FIB
(g/L)

High 73 35.6% 0.935 89.0% 0.024* 8.4 < 0.001*
Low 44 36.4% 100% 17.0

LDH (U/L) High 41 41.5% 0.196 90.2% 0.183 10.0 0.023*
Low 46 28.3% 97.8% 13.0

D-Dimer (ug/ml) High 49 38.8% 0.744 89.8% 0.170 10.6 0.013*
Low 23 34.8% 100% 15.5

CD4/8 + T High 7 57.1% 0.650 85.7% 0.304 8.0 0.015*
Low 16 37.5% 100% 16.5

(PD-L1 TPS, programmed cell death ligand 1 tumor cell proportion score; NLR, neutrophil-to-lymphocyte ratio; HGB, hemoglobin; CRP, C-reactive protein; ALB, 
albumin; FIB, fibrinogen; LDH, lactate dehydrogenase; CD4/8 + T, CD4/CD8 + T lymphocyte ratio.)

Table 3 Multivariate analysis of factors affecting PFS in first-line 
ICI plus chemotherapy
Variables Univariate 

analysis
Multivariate 
analysis

χ2 P HR P
Stage (IV VS III) 8.139 0.004 0.487
NLR (>3.3 VS ≤ 3.3) 51.605 <0.001 3.834 <0.001*
HGB (<120 VS ≥ 120 g/L) 9.903 0.002 0.068
CRP (>7.735 VS ≤ 7.735 mg/L) 10.887 0.001 0.498
FIB (>3.915 VS ≤ 3.915 g/L) 14.317 <0.001 2.043 0.011*
LDH (>198 VS ≤ 198 U/L) 5.153 0.023 0.626
PD-L1 TPS (<1% VS ≥ 1%) 3.136 0.077 0.492
(NLR, neutrophil-to-lymphocyte ratio; HGB, hemoglobin; CRP, C-reactive 
protein; FIB, fibrinogen; LDH, lactate dehydrogenase; PD-L1 TPS, programmed 
cell death ligand 1 tumor cell proportion score.)
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PFS. Therefore, the NF score was applied again and com-
pared its prognostic value with that of PD-L1 expression. 
Based on the NF score, the median PFS for patients in the 
0-score group was not reached; for patients in the 1-score 
group, the median PFS was 13.5 months; and for patients 
in the 2-score group, the median PFS was 6.5 months 
(P < 0.05) (Fig. 2I). The ROC curves were plotted for pre-
dicting PFS (Fig. 2J). The AUC values for NLR, FIB, NF 
score, PD-L1, and NFP score were 0.72, 0.698, 0.747, 0.54, 
and 0.664, respectively, with corresponding P-values of 
0.001, 0.003, < 0.001, 0.548, and 0.013. These findings 
suggest that the prognostic value of the NF score was 
also better than that of single indexes and even PD-L1 
(TPS ≥ 1%).

Dynamic changes in NLR and FIB during first-line ICI plus 
chemotherapy
In this study, NLR and FIB data were collected at three 
time points: baseline, RD (Response Disease, including 
Partial Response (PR) and Stable Disease (SD)), and PD. 
Among these, 89 patients had paired NLR data available 
at all three time points. NLR significantly decreased at 
the RD time point compared to the baseline (P = 0.001). 
Conversely, NLR increased again at the PD time point 
(P < 0.001), suggesting a substantial reduction in NLR lev-
els during the treatment response phase followed by an 
elevation during immunotherapy resistance. Regarding 
FIB, 55 patients had paired data available at all three time 
points, and the results showed a similar trend to NLR; 
however, the differences did not reach statistical signifi-
cance (Fig. 3).

Patient characteristics in second- or post-line ICI 
combination therapy
We enrolled 40 advanced NSCLC patients with targe-
table oncogenic driver alterations who received sec-
ond- or post-line combination immunotherapy after 
developing resistance to targeted drugs. The median age 
of the study population was 60 years. Most patients were 
female (23/40, 57.5%), nonsmokers (27/40, 67.5%), had 
positive PD-L1 expression (12/20, 60%), and EGFR muta-
tions (36/40, 90%). Thirteen patients (38.2%) developed 
EGFR-T790M mutations after developing resistance to 
EGFR-TKIs. Seventeen patients (42.5%) received second-
line ICI combination therapy, and 23 patients (57.5%) 
received post-line ICI combination therapy (Table 4).

According to the ROC curves (Supplementary mate-
rial 2), the optimal cutoff values for NLR, PLR, CRP, and 
ALB were 3.525, 196.805, 16.115, and 40.25, respectively. 
There was no significant correlation between different 
pre-treatment NLR levels and clinical characteristics 
such as sex, age, smoking history, number of treatment 
lines, baseline liver metastases, PD-L1 expression, TKI-
PFS, and secondary EGFR-T790M mutation (Table 4).

Analysis of factors affecting efficacy of second- or post-line 
ICI combination therapy
The results showed that low NLR levels were associated 
with higher ORR (P = 0.046) and tended to be associated 
with higher DCR (Table  5). In contrast, age, sex, base-
line liver metastases, smoking history, number of lines 
of therapy, secondary T790M mutation, PD-L1 ≥ 1%, 

Fig. 1 Treatment response of first-line ICI plus chemotherapy according to (A) Histology; (B) NLR level; (C) FIB level; (D) NF score. (E) ROC curves of the 
NLR, FIB, PD-L1, NF score and NFP score to predict DCR

 



Page 7 of 15Liao et al. BMC Cancer          (2025) 25:697 

Fig. 2 Kaplan–Meier curves for progression-free survival (PFS) of first-line ICI plus chemotherapy according to (A) Clinical stage; (B) NLR level; (C) FIB 
level; (D) HGB level; (E) CRP level; (F) LDH level; (G) D-Dimer level; (H) CD4/CD8 + T lymphocyte ratio; (I) NF score. (J) ROC curves of the NLR, FIB, PD-L1, 
NF score and NFP score to predict PFS
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TKI-PFS, HGB, PLR, ALB, and CRP levels were not asso-
ciated with ORR and DCR (Table 5).

Multivariate cox regression analyses of factors related 
to OS and PFS in response to second- or post-line ICI 
combination therapy
Kaplan-Meier survival curves showed that TKI-PFS 
and NLR were correlated with OS (P = 0.008, P < 0.001, 
respectively) (Fig.  4A and B). Age, sex, number of lines 
of treatment, history of smoking, liver metastasis, sec-
ondary EGFR-T790M mutation, PD-L1 expression, HGB, 

CRP, ALB, and PLR levels were not significantly cor-
related with OS (Table  5). In multivariate Cox regres-
sion analysis, NLR (HR 11.918; 95% CI 2.941–48.294, 
P = 0.001) and TKI-PFS (HR 5.398; 95% CI 1.518–19.2, 
P = 0.009) were independent prognostic factors for OS 
(Table 6).

In terms of PFS, secondary EGFR-T790M mutation, 
NLR, PLR, and ALB were associated with PFS (P = 0.029, 
< 0.001, 0.026, and 0.012, respectively) (Fig.  4C and F; 
Table  5). In multivariate Cox regression analysis, only 
NLR (HR 6.95; 95% CI 2.068–23.355, P = 0.002) was an 
independent prognostic factor for PFS (Table 6).

After screening by multivariate Cox regression, only 
NLR and TKI-PFS were independent prognostic fac-
tors for OS, in the pursuit of seek a more effective and 
comprehensive indicator, we further combined these two 
variables to establish the NLR-TKI-PFS score (hereafter 
referred to as NTP score), where risk factors such as high 
NLR or long TKI-PFS were each assigned a score of (1) 
Fourteen (35%) patients had an NTP score of 0, 16 (40%) 
had an NTP score of 1, and 10 (25%) had an NTP score of 
(2) The median OS (mOS) of patients with scores of 0, 1, 
and 2 were 21, 12, and 5.3 months, respectively (P < 0.001) 
(Fig. 4G). The median PFS times of patients with scores 
of 0, 1, and 2 were 12.5, 7, and 4.1 months, respectively 
(P = 0.001) (Fig.  4H). The ROC curves were plotted for 
predicting OS (Fig.  4I). The AUC values for NLR, TKI-
PFS, and NTP score were 0.72, 0.698, and 0.747 (P val-
ues of 0.001, 0.003, and P < 0.001, respectively), which 
indicated that the NTP score had better prognostic value 
than a single index.

Table 4 Clinical characteristics of patients in second- or post-line 
ICI plus chemotherapy
Variables Total (n) NLR ≤ 3.53 NLR>3.53 P
Age (years) ≤ 60 18 12(57.1%) 6(31.6%) 0.105

>60 22 9(42.9%) 13(68.4%)
Gender Male 17 8(38.1%) 9(47.4%) 0.554

Female 23 13(61.9%) 10(52.6%)
Lines of therapy 2 17 10(47.6%) 7(36.8%) 0.491

≥ 2 23 11(52.4%) 12(63.2%)
TKI-PFS (months) ≤ 12 23 14(66.7%) 8(42.1%) 0.119

>12 17 7(33.3%) 11(57.9%)
T790M mutation + 13 4(23.5%) 9(50.0%) 0.105

- 21 13(76.5%) 9(50.0%)
Smoking status Yes 13 5(23.8%) 8(42.1%) 0.217

Never 27 16(76.2%) 11(57.9%)
Liver mets No 25 14(66.7%) 11(57.9%) 0.567

Yes 15 7(33.3%) 8(42.1%)
PD-L1 TPS <1% 8 5(50.0%) 3(30.0%) 0.650

≥ 1% 12 5(50.0%) 7(70.0%)
(TKI-PFS, tyrosine kinase inhibitor progression-free survival; PD-L1 TPS, 
programmed cell death ligand 1 tumor cell proportion score.)

Fig. 3 Dynamic changes in NLR level (A) and FIB level (B) before (pre) and after (post) first-line ICI plus chemotherapy for patients with paired blood 
samples
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Dynamic changes in NLR during second- or post-line ICI 
combination therapy
In the second- or post-line immunotherapy cohort, NLR 
data were collected again at three time points: baseline, 
RD, and PD. Among these, 15 patients had paired NLR 
data available at all three time points. NLR decreased at 
the RD time point compared to the baseline (P = 0.029). 
NLR increased again at the PD time point (P = 0.012), 
suggesting a substantial reduction in NLR levels during 
the treatment response phase followed by an elevation 
during immunotherapy resistance (Fig. 5).

Discussion
Advanced NSCLC can be categorized into two groups 
based on gene mutation status. For patients without tar-
getable oncogenic driver alterations, ICI plus chemother-
apy is now the first-line standard of care recommended 
in the guidelines. PD-L1 expression estimated from 
tumor tissue has gained approval from the US Food and 
Drug Administration as a biomarker for predicting the 
response to first-line immunotherapy. However, the ther-
apeutic activity of ICI is the result of a complex interplay 
between multiple immune cells and factors in the TME 

[51], it is difficult for a single PD-L1 indicator to precisely 
predict responses to immunotherapy, especially in terms 
of the efficacy of ICI plus chemotherapy. Therefore, it 
remains imperative to discover more robust biomarkers 
for ICI plus chemotherapy.

Research has shown that the inflammatory environ-
ment substantially impacts the effectiveness of immu-
notherapy. Furthermore, peripheral blood inflammatory 
markers such as NLR and FIB have gained recognition 
for their relevance in predicting immunotherapy out-
comes [25–29, 52]. Neutrophils contain a subpopulation 
that promotes tumor growth and metastasis, stimulates 
angiogenesis, and mediates immunosuppression [53]. 
Inflammatory processes can stimulate the migration of 
neutrophils to the tumor periphery, where they release 
reactive oxygen species (ROS), causing DNA damage in 
adjacent cells. Moreover, neutrophils induce the secre-
tion of various chemokines, which contribute to tumor 
growth, neovascularization, and the acceleration of dis-
tant metastasis. In addition, lymphocytes can differenti-
ate into tumor-infiltrating lymphocytes (TILs), which 
play an essential role in the host immune response by 
effectively inhibiting tumor growth, thus contributing 

Table 5 Relationship between clinical characteristics and peripheral blood indexes and the outcome of second- or post-line ICI plus 
chemotherapy
Variables Total (n) ORR P DCR P mOS P mPFS P
Age (years) ≤ 60 18 16.7% 0.709 94.4% 0.197 15 0.731 7.0 0.682

>60 22 22.7% 77.3% 13 10.0
Gender Male 17 11.8% 0.428 88.2% 0.686 16 0.496 10.0 0.554

Female 23 26.1% 82.6% 13 7.6
Lines of therapy 2 17 17.6% > 0.999 88.2% 0.686 15 0.083 14.3 0.166

>2 23 21.7% 82.6% 12 6.5
TKI-PFS (months) >12 18 11.1% 0.258 77.8% 0.381 11 0.008* 6.5 0.067

≤ 12 22 27.3% 90.9% 21 11.5
Smoking status Yes 13 15.4% 0.700 84.6% 1.000 10 0.794 6.5 0.582

Never 27 22.2% 85.2% 15 10.3
Liver mets No 25 20.0% > 0.999 84.0% 1.000 15 0.224 10.0 0.481

Yes 15 20.0% 86.7% 10 7.0
T790M mutation - 25 24.0% 0.686 90.9% 0.166 13 0.361 11.5 0.029*

+ 15 13.3% 69.2% 15 5.0
PD-L1 TPS <1% 8 12.5% > 0.999 75.0% 0.537 10 0.782 4.5 0.966

≥ 1% 12 8.3% 91.7% 11 5.7
NLR High 22 5.3% 0.046* 73.7% 0.085 6 < 0.001* 12.5 < 0.001*

Low 18 33.3% 95.2% 21 5.0
HGB (g/L) High 24 20.8% > 0.999 87.5% 0.668 13 0.900 10.0 0.841

Low 16 18.8% 81.3% 15 6.5
CRP (mg/L) High 11 18.2% > 0.999 72.7% 0.288 10 0.236 5.0 0.697

Low 14 21.4% 92.9% 15 11.5
ALB (g/L) High 26 23.1% 0.689 92.3% 0.159 15 0.051 11.5 0.012*

Low 14 14.3% 71.4% 12 4.1
PLR High 20 10.0% 0.235 80.0% 0.661 10 0.054 5.0 0.026*

Low 20 30.0% 90.0% 15 12.0
(TKI-PFS, tyrosine kinase inhibitor progression-free survival; PD-L1 TPS, programmed cell death ligand 1 tumor cell proportion score; NLR, neutrophil-to-lymphocyte 
ratio; HGB, hemoglobin; CRP, C-reactive protein; ALB, albumin; PLR, platelet-to-lymphocyte ratio.)
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significantly to anti-tumor immunity. A tumor microen-
vironment characterized by high neutrophil infiltration 
and low lymphocyte presence promotes angiogenesis, 
inhibits apoptosis, ultimately resulting in a poor progno-
sis. Existing research suggests that the expression of NLR 
was a strong indicator of survival in NSCLC patients [54]

and was associated with poor response to ICI mono-
therapy in NSCLC patients [55]. Other published study 
also revealed the potential value of the dynamic change 
of NLR during treatment as a real-time indicator of ICI 
monotherapy [56, 57]. However, there are few reports on 
whether NLR and its dynamic changes can predict the 

Table 6 Multivariate analysis of factors affecting OS and PFS in second- or post-line ICI plus chemotherapy
Prognosis Variables Univariate analysis Multivariate analysis

χ² P HR P
OS TKI-PFS (>12 VS ≤ 12 months) 7.077 0.008 5.398 0.009*

Lines of treatment (>2 vs. 2) 3.007 0.083 0.116
NLR (>3.53 VS ≤ 3.53) 16.029 <0.001 11.918 0.001*
ALB (<40.25 VS ≥ 40.25 g/L) 3.821 0.051 0.298
PLR (>196.81 VS ≤ 196.81) 3.711 0.054 0.760

PFS T790M mutation (+ VS -) 4.795 0.029 0.181
TKI-PFS (>12 VS ≤ 12 months) 3.347 0.067 0.417
PLR (>196.81 VS ≤ 196.81) 4.982 0.026 0.735
NLR (>3.53 VS ≤ 3.53) 16.127 <0.001 6.950 0.002*
ALB (<40.25 VS ≥ 40.25 g/L) 6.309 0.012 0.058

(TKI-PFS, tyrosine kinase inhibitor progression-free survival; NLR, neutrophil-to-lymphocyte ratio; ALB, albumin, PLR, platelet-to-lymphocyte ratio.)

Fig. 4 Kaplan–Meier curves for Overall survival (OS) of second- or post-line ICI combination therapy according to (A) TKI-PFS; (B) NLR level. Kaplan–Meier 
curves for PFS according to (C) Secondary T790M mutation; (D) NLR level; (E) PLR level; (F) ALB level. (G) Kaplan–Meier curves for OS according to NTP 
score. (H) Kaplan–Meier curves for PFS according to NTP score. (I) ROC curves of the NLR, TKI-PFS and NTP score to predict OS
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efficacy of ICI plus chemotherapy. One study by Miriam 
et al. enrolled 12 patients with advanced NSCLC under-
going ICI plus chemotherapy and demonstrated that low 
NLR can be a predictive marker for therapy responses 
and outcomes [58]. However, the sample size in that study 
was relatively small; further research is needed to explore 
the prognostic value of NLR and its dynamic changes in 
ICI plus chemotherapy. FIB is an important plasma coag-
ulation factor and a marker of a systemic inflammatory 
response. FIB can be deposited in the extracellular matrix 
and serves as a substrate for binding with the growth fac-
tors of tumor cells, thereby fostering tumor cell prolifera-
tion and neovascularization [59, 60]. Consequently, FIB is 
considered to have an association with poor prognosis in 
a variety of tumors [61–64]. Yuan et al. revealed that the 
pretreatment FIB-ALB ratio (FAR) was an independent 
predictor for the treatment response and an indepen-
dent prognostic factor in patients with advanced NSCLC 
treated with first-line ICI plus chemotherapy [65]. How-
ever, the prognostic value of FIB in combination with 
NLR in advanced NSCLC patients treated with first-line 
ICI plus chemotherapy is still unknown.

In our study, we found that high pretreatment NLR 
and FIB levels were independent prognostic factors for 
poorer PFS in first-line ICI plus chemotherapy. Based 
on these two independent prognostic factors, we created 
a unique score called the NF score with three PFS risk 
prognosis categories: favorable, intermediate, and poor 
(corresponding mPFS: not reached, 13.5 and 6.5 months). 
Compared to single indicators that are susceptible to 

external influences, the more robust NF score demon-
strated a better prognostic value. Interestingly, similar 
studies have not conducted comparisons with tumor 
PD-L1 expression, which may lead to an underestima-
tion of the relationship between PD-L1 expression and 
the antitumor effects of ICI plus chemotherapy. Sur-
prisingly, we further found that the NF score detected 
in blood samples had better performance than PD-L1 
estimated from tumor tissue as a reliable efficacy and 
prognosis biomarkers of first-line ICI plus chemother-
apy, with an impressive 79.8% accuracy rate in predict-
ing efficacy (AUC = 0.798), outperforming the value of 
PD-L1 (AUC = 0.528), and a remarkable 74.7% accuracy 
rate in predicting prognosis (AUC = 0.747), which was 
also superior to that of PD-L1 (AUC = 0.54). While PD-L1 
expression (TPS ≥ 1%) is a commonly used biomarker 
for patient selection in immunotherapy, its prognostic 
value is often limited by variability in its expression and 
the complex relationship with immune response, and is 
often not sufficient by itself to predict the outcome of 
ICI combination therapy. The NF score, which combines 
NLR and FIB, offers a more dynamic and comprehensive 
reflection of the systemic inflammatory and coagulation 
environment, which may be more directly associated 
with immune modulation and are integral to patient 
response to ICI plus chemotherapy. Our research sug-
gest that the NF score may serve as a more reliable and 
specific predictor of ICI plus chemotherapy compared to 
PD-L1 alone, as it incorporates both immune and inflam-
matory components that influence response to ICI plus 
chemotherapy.

In NSCLC patients with targetable oncogenic driver 
alterations, resistance is inevitably developed after 
standard targeted therapy. As an emerging antitumor 
treatment method, the efficacy of immunotherapy in 
TKI-resistant patients is still a subject of debate. The 
results of the IMPOWER 150 and ORIENT 31 trials indi-
cated that the PFS of TKI-resistant patients treated with 
ICI in combination with chemotherapy and bevacizumab 
are extended in comparison to patients treated with che-
motherapy combined with anti-angiogenesis therapy. 
However, the KEYNOTE 789 (NCT03515837), CHECK-
MATE 722 (NCT02864251), and IMPOWER 151 trials 
did not yield positive outcomes. Therefore, the efficacy 
of ICI combination therapy in NSCLC patients with TKI 
resistance remains controversial, suggesting that only a 
subset of patients with unclear TKI resistance mecha-
nisms can benefit from ICI combination therapy. How to 
utilize existing clinical data and laboratory indicators to 
select patients who are most likely to benefit from subse-
quent ICI combination therapy, thereby avoiding unnec-
essary waste of medical resources, is a challenging issue 
in clinical practice.

Fig. 5 Dynamic changes in NLR level before (pre) and after (post) sec-
ond- or post-line ICI combination therapy for patients with paired blood 
samples

 



Page 12 of 15Liao et al. BMC Cancer          (2025) 25:697 

In this study, we further explored the currently chal-
lenging issue of whether NSCLC patients with unclear 
mechanisms after TKI resistance can benefit from sec-
ond- or post-line ICI combination therapy. Our research 
results indicated that for TKI-resistant NSCLC patients: 
[1] ICI combination therapy achieved an ORR of 20%, 
and a median PFS of 5.85 months; [2] the factor associ-
ated with better ORR and prognosis was NLR ≤ 3.53; [3] 
the factors associated with worse PFS was with second-
ary T790M mutation, PLR > 196.81 and ALB < 40.25; [4] 
the factors related to better OS included NLR ≤ 3.53 and 
TKI-PFS ≤ 12 months. Additionally, based on NLR and 
TKI-PFS, an NTP score was constructed with three OS 
risk prognosis categories. Our research innovatively iden-
tified a group of low-risk patients (with NLR ≤ 3.53 and 
TKI-PFS ≤ 12 months), who had longer mOS and mPFS 
than those in the high-risk group. This was the first study 
to develop a comprehensive model that incorporates 
clinical characteristics and easily accessible peripheral 
blood parameters to predict the prognosis of TKI-resis-
tant NSCLC patients treated with second- or post-line 
ICI combination therapy. Previous studies have reported 
that fewer than 60% of patients are willing to undergo 
invasive re-biopsy after disease progression [66]. Hence, 
our noninvasive NTP score will be of great importance 
in providing a reference to screen TKI-resistant NSCLC 
patients who may benefit from subsequent ICI com-
bination therapy, especially those who are reluctant to 
undergo re-biopsy following disease progression.

The potential mechanisms underlying the association 
between TKI-PFS and the benefits of immunotherapy 
are not yet fully understood. Research by Liu et al. found 
that patients with shorter TKI-PFS have significantly 
prolonged PFS and higher ORR in subsequent immune 
therapy compared to patients with longer TKI-PFS [48]. 
Their study revealed that patients with shorter TKI-PFS 
had a higher proportion of CD8 + effector T cells and 
proliferating T cells; in the longer TKI-PFS cohort, there 
was a higher ratio of M2-like macrophages to M1-like 
macrophages. This may lead to a more suppressive tumor 
microenvironment, potentially impairing the clinical effi-
cacy of immunotherapy. Further basic research is needed 
to explore these mechanisms in greater depth.

In addition to TKI-PFS, Haratani et al. reported that 
secondary T790M mutation was negatively correlated 
with immunotherapy efficacy following EGFR-TKI 
treatment [67]. In the present study, we also found that 
patients without secondary EGFR-T790M mutations 
were more likely to benefit from subsequent ICI com-
bination therapy in terms of PFS than patients with sec-
ondary EGFR-T790M mutations. Our research results 
support the conclusions of Haratani et al., indicating that 
for patients with secondary EGFR-T790M mutations, 

subsequent ICI combination therapy may not be the opti-
mal treatment choice.

Cheng et al. found that for EGFR-TKI-resistant patients 
with NSCLC, liver metastasis is a negative prognostic fac-
tor for subsequent ICI combination therapy [68]. In this 
study, we did not find a relationship between liver metas-
tasis and the effectiveness of subsequent ICI combination 
therapy. Notably, however, we found that NLR can serve 
as a prognostic marker for TKI-resistant patients receiv-
ing subsequent ICI combination therapy. To our knowl-
edge, previous findings have demonstrated that NLR is 
a promising biomarker to predict the survival of ICI in 
advanced NSCLC patients without targetable genomic 
alterations. However, patients with NSCLC carrying tar-
getable genomic alterations have a unique TME [69, 70], 
and whether NLR has prognostic value for ICI combi-
nation therapy in NSCLC patients with sensitive driver 
gene mutations remains unclear. Our research elucidates 
the value of NLR in patients harboring sensitive gene 
mutations who are undergoing ICI combination therapy. 
We further integrated NLR and TKI-PFS; the established 
composite biomarker was more robust, further enhanc-
ing the predictive efficacy. Our study can serve as a ref-
erence for the selection of TKI-resistant NSCLC patients 
who may benefit from ICI plus chemotherapy.

Peripheral blood inflammatory biomarkers have shown 
great promise in predicting responses to ICI therapies 
due to easy specimen accessibility and the opportunity 
for serial monitoring. In the two cohorts in our study, it is 
noteworthy that with an enhanced immune response or 
ongoing tumor progression, the peripheral blood param-
eters of NLR also exhibited a corresponding decline or 
increase. Our study underscores the continued effective-
ness of NLR as a reliable indicator of the body’s antitumor 
immune status over the course of treatment. Moreover, 
by closely tracking NLR fluctuations before and after 
treatment, clinicians can gain valuable insights to assess 
treatment efficacy and predict patient outcomes.

It is important to acknowledge the limitations of this 
study. This study was a retrospective analysis with a rel-
atively small sample size from a single Chinese cancer 
institution, which may have resulted in potential objec-
tive bias for data collection and analysis. Also, there is 
currently no unified standard for the critical values of 
indicators like NLR. Moreover, this study lacks external 
data to verify the prognostic model. Therefore, future 
research should focus on establish unified critical thresh-
olds for NLR and other inflammatory indices through 
large-scale prospective clinical trials, and should aim to 
conduct multicenter, large-sample, long-term follow-up 
clinical trials to validate and assess the prognostic abil-
ity of the NF and NTP scores. Moreover, future studies 
should investigate the molecular mechanisms linking 
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NLR fluctuations to immune modulation and treatment 
resistance in NSCLC.

Conclusions
The NF score we established has the advantages of being 
noninvasive, easy to access and monitor, economical, 
and can discriminate potential patients benefit from ICI 
combined with chemotherapy, while PD-L1 underper-
formed in predicting response to combination immuno-
therapy. More importantly, the noninvasive NTP score 
constructed in this study may provide new insights for 
screening TKI-resistant NSCLC patients who may ben-
efit from subsequent ICI combination therapy, especially 
those who are reluctant to undergo re-biopsy following 
disease progression.

Future perspectives
Future research should focus on establish unified criti-
cal thresholds for NLR and other inflammatory indices 
through multicenter collaborations to enhance reproduc-
ibility and clinical applicability, and conduct multicenter, 
prospective trials with diverse NSCLC cohorts to validate 
the generalizability of the NF and NTP scores.
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