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Abstract: Background/Objectives: The Lung Immune Prognostic Index (LIPI) has emerged
as a promising biomarker for predicting outcomes in advanced non-small cell lung cancer
(aNSCLC). We assessed whether LIPI, in combination with baseline clinical characteristics,
can guide first-line treatment selection between pembrolizumab (P) and pembrolizumab
plus platinum-based chemotherapy (PCT) in patients with PD-L1 tumor proportion score
(TPS) > 50% and EGFR/ALK/ROS1 wild-type. Methods: A predictive score was devel-
oped using baseline clinical variables, including age, sex, smoking status, and LIPI, in a
proof-of-concept cohort (n = 241). This model was then validated in an independent cohort
of 409 patients. OS was compared between patients treated with P versus PCT, stratified by
predictive score. Results: In the proof-of-concept cohort, the median OS was 18.3 months
for P and 26.6 months for PCT (p = 0.001). In the validation cohort, the median OS was
28.0 months for P and 22.2 months for PCT (p = 0.062). Stratification using the predictive
score showed that patients with high scores (3-5) had improved OS with PCT compared
to P (31.2 vs. 25.5 months, p = 0.001), while those with low scores (0-2) derived similar
benefits from both treatments. Conclusions: This LIPI-based predictive score may assist in
identifying aNSCLC patients who derive greater benefit from chemo-immunotherapy over
immunotherapy. Its simplicity and clinical relevance support integration into treatment
decision-making, pending prospective validation.

Keywords: biomarkers; lung immune prognostic index (LIPI); advanced non-small cell
lung carcinoma (aNSCLC); pembrolizumab; high PD-L1

1. Introduction

Advanced non-small cell lung cancer (aNSCLC) remains a major global health chal-
lenge, accounting for the majority of lung cancer-related deaths worldwide. The emergence
of immune checkpoint inhibitors (ICIs) has improved survival in a subset of aNSCLC
patients receiving systemic therapy. However, determining which patients are most likely
to benefit from immunotherapy remains a central, unresolved issue in the field [1].
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While patients with high PD-L1 expression (TPS > 50%) often respond favorably to
anti-PD-1/PD-L1 agents, the predictive accuracy of PD-L1 remains limited due to inter-
assay variability and intratumoral heterogeneity [2]. Tumor mutational burden (TMB) has
also been proposed as a predictor of immunotherapy efficacy, based on the premise that
highly mutated tumors may be more immunogenic. However, it remains impractical in
routine care due to high costs, complex assays, and inconsistent prognostic data [3-5].

As alternatives to tissue-based biomarkers, systemic inflammatory markers such as the
neutrophil-to-lymphocyte ratio (NLR) and its derivative (ANLR) offer simpler, blood-based
surrogates for immune status. Elevated dNLR has been associated with inferior survival
outcomes in various cancers, including NSCLC [6].

In parallel, serum lactate dehydrogenase (LDH), a marker of tumor burden and
metabolic activity, has also shown prognostic value [7-10]. The Lung Immune Prognostic
Index (LIPI), which integrates dNLR > 3 and LDH >upper limit of normal (ULN), has
emerged as a composite score to stratify patients into good, intermediate, and poor prog-
nostic groups. Originally validated in retrospective cohorts, LIPI has shown promise in
predicting outcomes among ICI-treated patients and may help refine treatment selection
strategies [11].

In treatment-naive aNSCLC, ICIs—either alone or in combination with platinum-
based chemotherapy (PCT)—have demonstrated substantial clinical benefits in randomized
trials [12]. For patients with PD-L1 TPS > 50%, monotherapy with anti-PD-1/PD-L1 agents
is generally favored due to a favorable efficacy-to-toxicity ratio [13]. However, the benefit of
combining chemotherapy in this subgroup is unclear, with studies reporting mixed results
and concerns about added toxicity [14,15]. Previous attempts to validate dNLR alone as a
predictor of ICI efficacy yielded inconsistent results [16]. Building on these findings, the
current study investigates whether LIPI can serve as a predictive biomarker—beyond its
established prognostic role—in patients with PD-L1 TPS > 50% receiving first-line ICI
monotherapy or chemo-immunotherapy.

By evaluating LIPI’s role in guiding treatment intensity, we aim to enable better patient
stratification and reduce unnecessary toxicity.

This study is novel in that it proposes a LIPI-based composite predictive score to guide
treatment intensity in PD-L1 TPS > 50% aNSCLC patients—a subgroup lacking direct
randomized comparisons between monotherapy and combination therapy. To address this,
we analyzed outcomes in two independent cohorts: a proof-of-concept cohort (n = 241) and
a validation cohort (n = 409), both comprising patients treated with either pembrolizumab
monotherapy or chemo-immunotherapy.

2. Materials and Methods
2.1. Patient Selection

This retrospective study included patients with histologically confirmed advanced-
stage non-small cell lung cancer (NSCLC) (stage IV or stage III not amenable to definitive
treatment) who were wild-type for EGFR, ALK, and ROSI1. Eligible patients had a pro-
grammed death ligand 1 (PD-L1) tumor proportion score (TPS) > 50% and received either
first-line pembrolizumab monotherapy (P) or pembrolizumab combined with platinum-
based chemotherapy (PCT). PD-L1 TPS was assessed by immunohistochemistry (IHC)
using the 22C3 pharmDx assay (Agilent Technologies, Santa Clara, CA, USA) [13]. Molecu-
lar profiling included real-time polymerase chain reaction (PCR) using the Cobas® (Roche
Molecular Systems, Inc., Pleasanton, CA, USA) EGFR test or next-generation sequencing
for EGFR mutations, IHC with the D5F3 CDx assay (Roche Diagnostics (Ventana Medical
Systems, Inc. (Tucson, AZ, USA))), fluorescent in situ hybridization (FISH (Abbott Molecu-
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lar Inc. (Des Plaines, IL, USA))), or next-generation sequencing for ALK rearrangements,
and FISH or next-generation sequencing for ROS1 rearrangements.

Patients were included if pre-treatment blood test results required to calculate the
Lung Immune Prognostic Index (LIPI)—white blood cell count (WBC), absolute neutrophil
count (ANC), lactate dehydrogenase (LDH), and the laboratory-specific upper limit of
normal (ULN) for LDH—were available within two months prior to treatment initiation.
The validation cohort included consecutive eligible patients treated at four Israeli cancer
centers (Tel Aviv Sourasky Medical Center, Assuta Medical Center, Ramat Ha-Hayal; Assuta
Medical Center, Ashdod; and Shaare Zedek Medical Center, Jerusalem) between June 2016
and December 2020. Patients were excluded if they had a prior invasive malignancy
(other than NSCLC) likely to impact overall survival (OS) within five years or were lost to
follow-up.

The study was approved by the institutional review boards and ethics committees of
all participating centers and was conducted in accordance with the Declaration of Helsinki.

2.2. Study Design

We conducted a retrospective analysis using data extracted from electronic medical
records. Collected data included baseline demographics, clinical characteristics, pathology
reports, treatment details, and laboratory parameters (WBC, ANC, LDH). Patients were
categorized into two groups: Group P: Pembrolizumab monotherapy, and Group PCT:
Pembrolizumab + platinum-based chemotherapy. OS was the primary outcome. To min-
imize confounding, propensity score matching (PSM) was performed based on age, sex,
and Eastern Cooperative Oncology Group performance status (ECOG PS).

A predictive score was developed using five parameters previously associated with
differential outcomes between P and PCT: age > 65 years, female sex, never-smoking status,
adenocarcinoma histology, and LIPI > 1 (LIPI was calculated as derived neutrophil-to-
lymphocyte ratio [dANLR] > 3 and LDH > ULN). Each variable contributed one point to a
cumulative score (range 0-5), with patients stratified into: good risk (0 points), intermediate
risk (1 point), and poor risk (>2 points). For statistical analysis, patients were further
grouped into low-risk (score 0-2) and intermediate-high-risk (score 3-5) categories. OS
was then compared between treatment groups within these risk categories to assess the
predictive value of the LIPI-based score. To validate these findings, OS was reassessed
in the independent validation cohort, applying the same inclusion criteria and predictive
score methodology. To evaluate the appropriateness of the selected cutoff value of 3, we
performed a receiver operating characteristic (ROC) curve analysis in the proof-of-concept
cohort. The highest Youden Index was observed at a score threshold of >2.5 (Youden
Index = 0.198), while a cutoff of >3 yielded a comparable Youden Index of 0.156. Both
values demonstrated similar discriminatory capacity; however, the threshold of 3 was
retained given its balance between statistical performance and clinical interpretability,
allowing for stratification into clinically intuitive low-risk (score 0-2) and high-risk (score
3-5) groups. Additionally, multivariable Cox proportional hazards regression, including
all five score components (age >65, female sex, never-smoking status, adenocarcinoma
histology, and LIPI >1), revealed consistent directional associations with overall survival,
although none reached statistical significance (all p > 0.15). These findings support the use
of the composite score to enhance treatment selection through the integration of multiple
modest but meaningful predictors.

2.3. Statistical Analysis

All analyses were performed using SPSS software (Version 29.0.2.0. IBM Corp., Ar-
monk, NY, USA). Categorical variables were summarized as counts and percentages.
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Continuous variables were reported as medians with interquartile ranges (IQRs) or as
means with standard deviations (SDs). OS was analyzed using Kaplan-Meier survival
curves, with comparisons via the log-rank test. Follow-up duration was calculated using
the reverse Kaplan—-Meier method. PSM was used to match patients by age, sex, and ECOG
PS. The predictive value of the LIPI-based score was assessed using Kaplan-Meier survival
analysis stratified by risk group (low vs. intermediate-high). A two-sided p-value < 0.05
was considered statistically significant.

3. Results

3.1. Baseline, Tumor, and Treatment Characteristics

A total of 241 patients with EGFR/ALK/ROS1 (Thermo Fisher Scientific (Ion Torrent)
(Waltham, MA, USA)) wild-type advanced non-small cell lung cancer (aNSCLC) and PD-L1
TPS > 50% were treated with first-line P with or without PCT from June 2016 to December
2020, identified in the proof-of-concept cohort. Additionally, 409 patients from January
2018 to June 2022 were included in the validation cohort.

3.1.1. Proof-of-Concept Cohort

A total of 241 patients were included in the proof-of-concept cohort, of whom 191
(78%) were treated with P and 50 (22%) received PCT [16]. Baseline demographic, clinical,
and pathological characteristics are presented in Table 1. The LIPI score was calculated
for 186 patients with available blood test results. Among patients in the PCT group, 60%
received P with carboplatin/pemetrexed, 28% received P with carboplatin/paclitaxel, 4%
were treated with other chemotherapy regimens, and for 8%, the chemotherapy regimen
was unknown. Molecular tumor testing was limited. The exact number of PD-L1 TPS-
treated patients was available for only 48 (19.9%), and testing for TMB was performed in
only 33 patients (13.6%). Therefore, these data were not included in the statistical analyses.

Table 1. Baseline and treatment characteristics of patients in the proof-of-concept cohort.

Entire Cohort (n = 241) Patients Matched for Age, Sex, ECOG PS (n = 90)
. Patients . Patients
Tre:tietclle:rtiih P Trea:)eCdTwith p Value Tre:tztzie:rtiih P Trea;eccilTwith p Value
(n =191) (n =45)
(n = 50) (n = 45)
Age, years—mean (SD) 70.4 (10) 64.7 (7.6) 0.00 66.5 (6.9) 65.5 (9.8) 0.37
Sex, n (%)
Female 70 (36.6) 18 (36) 1.00 17 (37.8) 17 (37.8) 1.00
Male 121 (63.4) 32 (64) 28 (62.2) 28 (62.2)
Smoking history, n (%)
Current/past smoker 140 (73.3) 43 (86) 0.06 34 (75.6) 39 (86.7) 0.28
Never smoker 51 (26.7) 7 (14) 11 (24.4) 6 (13.3)
Histological subtype, n (%)
Adenocarcinoma 141 (73.8) 40 (80) 31 (68.9) 37 (82.2)
Squamous cell 40 (20.9) 6 (12) 0-39 11 (24.4) 5(11.1) 032

NSCLC NOS/other

10 (5.3) 4(8) 3 (6.6) 3 (6.6)
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Table 1. Cont.

Entire Cohort (n = 241) Patients Matched for Age, Sex, ECOG PS (n = 90)

Patients Trested with Patients Trestedwith
Trea:e;d I;r;t)h P PCT p Value Tree:::ei Z\;’l)th P PCT p Value
(n =50) (n =45)
Stage, n (%)
v 189 (99) 48 (96) 45 (100) 43 (95)
NA 2(1) 2 (4) 0(0) 2 (5)
ECOG PS at diagnosis, n (%)
0/1 138 (72.2) 44 (88) 39 (86.6) 39 (86.6)
2/3/4/5 52 (27.3) 6 (12) 0.01 6 (13.3) 6(13.3) 1.00
NA 1(0.5) 0(0) 0(0) 0(0)
Brain metastases, n (%)
Yes 45 (23.6) 11 (22) 12 (26.7) 10 (22.2)
No 146 (76.4) 38 (76) 1.00 33 (73.3) 34 (75.6) 030
NA 0(0) 1(2) 0(0) 1(22)
Liver metastases, n (%)
Yes 40 (20.9) 7 (11) 11 (24.4) 6 (13.3)
No 151 (79.1) 42 (89) 041 34 (75.6) 38 (84.4) 077
NA 0(0) 1(2) 0(0) 1(2.2)
LIPI, n (%)
0 39 (20.4) 18 (36) 5(11.1) 15 (33.3)
1 59 (30.9) 18 (36) 16 (35.6) 16 (35.6)
2 47 (24.6) 8 (16) 0.10 21 (46.7) 8(17.8) 0.00
3 106 (55.5) 26 (52) 37(82.2) 24 (53.3)
NA 46 (24.1) 6 (12) 3(6.7) 6(13.3)

Due to baseline differences between the groups, a propensity score matching analysis
was performed, matching patients for age, sex, and ECOG PS. The matched cohort included
90 patients (45 per treatment group). In this matched group, there were no significant
differences in baseline characteristics.

3.1.2. Validation Cohort

The baseline characteristics of the 295 patients (72.1%) who were treated with P and
the 114 patients (27.9%) who received PCT are displayed in Table 2. The LIPI score was
calculated for 292 patients for whom the blood results required for deriving the score were
available. The sex distribution was equal for both treatment groups. Patients treated with
P were older (median age 69 years) compared to patients treated with PCT (median age
64 years, p < 0.001). As expected, there were fewer patients on the P protocol with ECOG
PS 0/1 (66.8%) than those on the PCT protocol. Baseline characteristics are displayed in
Table 2.
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Table 2. Baseline and treatment characteristics of patients in the validation cohort.

Entire Cohort (n = 409)
Patients Treated with P Patients Treated with PCT

(n = 295) (n = 114) p Value
Age, years—mean (SD) 69.2 (10.3) 64.3 (9.2) 0.00
Sex, n (%)
Female 100 (33.9) 43 (37.7) 0.48
Male 195 (61.1) 71 (62.3)
Smoking history, n (%)
Current/past smoker 263 (89.2) 102 (89.5)
Never smoker 30 (10.2) 11 (9.6) 0.06
NA 2(0.7) 1(0.9)
Histological subtype, n (%)
Adenocarcinoma 222 (75.3) 74 (64.9)
Squamous cell 50 (16.9) 27 (23.7) 0.39
NSCLC NOS/other 23 (7.8) 12 (10.5)
NA 0(0) 1(0.9)
Stage, n (%)
v 277 (93.9) 106 (93) 100
III (not amenable to definitive treatment) 10 (3.4) 3(2.6)
NA 8 (2.7) 5(4.4)
ECOG PS at diagnosis, n (%)
0/1 197 (66.8) 89 (78) 0.3
2/3/4/5 87 (29.5) 22 (19.3)
NA 11 (3.7) 3 (2.6)
Brain metastases, n (%)
Yes 82 (27.8) 28 (24.6) 0.53
No 213 (72.2) 86 (75.4)
Liver metastases, n (%)
Yes 35 (11.9) 16 (14) 0.61
No 260 (88.1) 98 (86)
LIPT, n (%)
0 (Good) 81 (27.5) 29 (25.4)
1 (Intermediate) 80 (27.1) 43 (37.7)
2 (Poor) 45 (15.3) 14 (12.3) 0.24
2] 161 (54.6) 72 (63.1)

NA 89 (30.1) 28 (24.6)
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3.2. Qverall Survival (OS) in the Entire and Matched Cohorts

The median duration of follow-up was 10.9 months [IQR, 2.6-22.2] for group P and
12 months [IQR, 7-20.8] for group PCT (p = 0.42), and 79.6% of patients who received P and
36% of patients who received PCT have died. The median OS (mOS) was 18.3 months (95%
confidence interval [CI], 15.3-21.4) in group P and 26.6 months (95% CI, 21.3-32) in group
PCT (p = 0.001 (Figure 1a).

a. 0S in entire proof-of-concept cohort (n=191).

L Treatment

ChemoPembro
Pembro

0.9

08

07

06 -
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04 -
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0.1

0.0 + Censored

0 10 20 30 40 50 60 70 80
FU time (months)
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Pembro 190 96 58 32 12 3 1 1 0

b. OS in cohort matched for age, sex, and ECOG PS (n=90).
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Figure 1. Cont.
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c. 0S in validation cohort (n=409).

10 Treatment

ChemoPembro
Pembro

09

08

07

06

05

04

Probability of survival

03

0.2

0.1

0.0 + Censored

0 10 20 30 40 50 60 70
FU time (months)

ChemoPembro 112 56 12 2 1 0
Pembro 292 141 81 49 19 2 1 0

Figure 1. Overall Survival in the Proof-of-Concept Cohort.

In the cohort matched for age, sex, and ECOG PS, the mOS was 17.5 months (95%
CI, 12.3-22.7) for group P and 26 months (95% CI, 20.6-31.5) for group PCT (p = 0.009),
reflecting a significantly better OS rate for group PCT compared to group P (Figure 1b).

In the validation cohort, the median follow-up duration was 9.5 months [IQR, 3.3-21.4]
for group P and 10.1 months [IQR, 4.5-16.2] for group PCT (p = 0.36), and 57.3% of the
group P patients and 37.7% of the group PCT patients have died. The mOS was 28 months
(95% Cl, 9.8-17.3) for the former and 22.2 months (95% CI, 13.8-28.7) for the latter (p = 0.062)
(Figure 1c).

3.3. Predictive Score Development and Evaluation

The predictive score was designed to identify patients who may benefit from adding
PCT to P in first-line treatment. The score included five predictors that had been shown
earlier to predict different outcomes with each therapeutic arm: age > 65 years, female
sex, never-smoking status, adenocarcinoma histology, and LIPI > 1. Our predictive score
ranges from 0 to 5, with each parameter that is met receiving one point.

The novel LIPI-based predictive score is derived from a previous predictive score
created by our group based on dNLR [12] instead of LIPI. Our choice was based upon the
well-recognized predictive ability of LIPI as a blood biomarker for ICI monotherapy efficacy,
making it the most widely used biomarker in association with ICI treatment. Analysis of the
proof-of-concept cohort revealed significant differences in OS between the two treatment
groups, both in 0-2 and 3-5 LIPI-based score subsets. For a score of 3-5, the mOS was
15.2 (95% CI, 7.6-18.6) for P and 26.6 (95% CI, NR) for PCT (p = 0.03) (Figure 2a), and for
a score of 0-2, the LIPI- based score mOS was 24.3 (95% CI, 0-18.7) and 28 (95% CI, NR),
respectively (p = 0.02) (Figure 2b). A higher numerical difference in OS between P and PCT
was observed in the 3-5 LIPI-based score subset. Patients in the validation cohort with a
score of 3-5 who were treated with PCT had significantly longer OS (mOS-31.2; 95% (I,
NR) compared to patients treated with P (mOS-25.5 months; 95% CI, 5.6-11.6; p = 0.001)
(Figure 2c). Contrarily, OS was not significantly different between patients with a score
0-2 who were treated with PCT (mOS-18; 95% CI, 10.6-30) and those with a score 0-2
treated with P (mOS-22.5 months; 95% CI, 6.8-21.3; p = 0.78) (Figure 2d). The cutoff of
>3 points was determined based on clinical reasoning and previous prognostic frameworks.
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Although formal ROC curve analysis was not performed, the threshold was selected to
pragmatically differentiate patients most likely to benefit from PCT.

a. OS in patients with a score of 3-5 in proof-of-concept cohort.
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b. OS in patients with a score of 0-2 in proof-of-concept cohort.
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Figure 2. Cont.
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c. OS in patients with a score of 3-5 in validation cohort.
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d. OS in patients with a score of 0-2 in validation cohort.
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Figure 2. OS According to the LIPI Predictive Score.

4. Discussion

This study used real-world data to compare outcomes of P monotherapy versus P
plus PCT in treatment-naive patients with EGFR/ALK/ROS1 wild-type aNSCLC and
PD-L1 TPS > 50%. Our primary aim was to assess whether a Lung Immune Prognostic
Index (LIPI)-based predictive score could guide treatment selection by identifying patients
who may benefit from the addition of chemotherapy.

We observed different results between the proof-of-concept and validation cohorts. In
the proof-of-concept cohort, patients treated with PCT demonstrated significantly improved
overall survival (OS) compared to those treated with P alone, both in the entire cohort
(median OS [mOS]: 18.3 vs. 26.6 months, p = 0.001) and in the propensity score-matched
cohort (mOS: 17.5 vs. 26 months, p = 0.009). However, this survival advantage was
not observed in the validation cohort, where mOS was 28 months in the P group and
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22.2 months in the PCT group (p = 0.062). These divergent results between the proof-
of-concept and validation cohorts may be partially explained by differences in clinical
practice patterns across institutions. As this was a retrospective, multicenter study based
on two independently collected cohorts, variations in treatment decisions could reflect
center-specific preferences. Importantly, no changes occurred in guidelines, treatment
paradigms, or patient eligibility criteria during the study period. These conflicting findings
align with previous clinical trials and meta-analyses. The KEYNOTE-024 and KEYNOTE-
042 trials reported 3-year OS rates of 31-44% for P monotherapy in patients with PD-L1
TPS > 50% [17,18], whereas PCT yielded a 3-year OS of 44% in similar patients [19]. Several
meta-analyses found no OS advantage for the addition of chemotherapy to P in patients
with high PD-L1 expression [20,21]. Furthermore, real-world studies—including data
published by our group—have also supported P monotherapy as the preferred approach
for patients with PD-L1 TPS > 50% [22-24].

Despite this, the role of chemotherapy in this setting remains controversial. In clinical
practice, PCT is often chosen for patients who present with a high tumor burden, rapid
disease progression, or significant symptoms, despite high PD-L1 expression. However,
given the absence of direct randomized comparisons between P and PCT in this popu-
lation, additional tools—such as the LIPI-based predictive score—may provide a more
personalized treatment approach.

Our predictive score was designed to determine which patients would derive the most
benefit from adding PCT to P. The score incorporated five key factors: age > 65 years,
female sex, never-smoking status, adenocarcinoma histology, and LIPI > 1.

While the proof-of-concept cohort did not demonstrate a significant predictive ability,
we observed a trend favoring improved OS in patients with higher scores. Therefore,
we applied the score to the validation cohort (which included twice as many patients as
the proof-of-concept cohort) and found a significant association between the score and
OS. Patients with a score of 3-5 had significantly improved survival with PCT (mOS:
31.2 months) compared to P (mOS: 25.5 months, p = 0.001), while patients with a score of
0-2 had no significant survival difference between PCT (mOS: 18 months) and P (mOS:
22.5 months, p = 0.78). These findings are consistent with previous studies on dNLR-based
predictive scores, which also showed a positive correlation between OS and PCT treatment
in patients with high scores [16].

LIPI is a well-established biomarker for predicting outcomes in patients treated with
immune checkpoint inhibitors (ICIs) [25,26]. Poor pretreatment LIPI has been correlated
with worse survival in patients receiving ICI monotherapy, but not with chemotherapy
outcomes [11]. Our findings support the hypothesis that patients with a poor LIPI score
might benefit more from the addition of PCT to P. Potential biological explanations for the
prognostic power of LIPI include the association of high dNLR with a systemic inflamma-
tory response, promoting tumor progression and immune suppression, and elevated LDH
reflecting increased tumor burden and a hypoxic tumor microenvironment, both of which
are associated with inferior immunotherapy outcomes [11].

To validate these findings, further prospective studies in larger cohorts are necessary.

This study has several limitations. The small sample size in the proof-of-concept
cohort, particularly in the PCT group, limited statistical power. To mitigate baseline
imbalances and reduce potential selection bias, propensity score matching was applied.
In the validation cohort, which was larger and used exclusively for model testing, we did
not repeat individual subgroup analyses by clinical variables. The retrospective study
design introduces potential selection and information biases. In real-world settings, the
choice between P and PCT is typically guided by physician judgment and patient-specific
clinical characteristics. There is often a bias toward selecting PCT in patients with more
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aggressive disease presentations, younger age, and better functional status. Consequently,
such selection bias may have contributed to differential survival outcomes observed across
treatment groups. Additionally, shorter follow-up in the PCT group may have influenced
OS comparisons. Due to limited molecular testing data, we could not evaluate correlations
with PD-L1 TPS numerical values or tumor mutational burden (TMB). Another limitation is
that PD-L1 expression was assessed locally at each participating center without a centralized
pathology review, which may have introduced variability in PD-L1 scoring. In addition, in
the proof-of-concept cohort, the date of death was unknown for 44 patients, necessitating
the use of the last follow-up dates for OS analysis. Finally, the study population was
restricted to Israeli centers, potentially limiting the generalizability of the findings across
different geographic and ethnic backgrounds.

Given the promising results of the LIPI-based predictive score in the validation cohort,
future research should focus on prospective validation in larger, multicenter cohorts, explor-
ing biological mechanisms linking LIPI to immunotherapy outcomes, assessing additional
inflammatory markers in combination with LIPI for improved predictive accuracy, and
incorporating molecular biomarkers such as TMB and PD-L1 expression levels to refine
patient selection.

Furthermore, LIPI scoring is based on routine, low-cost laboratory tests (complete
blood count and LDH), making it an economically feasible tool to implement broadly
without imposing additional financial burden on healthcare systems.

5. Conclusions

This study underscores the potential of a LIPI-based predictive score in guiding first-
line treatment decisions for patients with PD-L1 TPS > 50% aNSCLC. While P monotherapy
remains the preferred treatment for most patients, adding chemotherapy may improve
survival in specific subgroups. Patients with low LIPI scores (0 points) may be treated with
P alone, avoiding unnecessary chemotherapy-related toxicity and preserving quality of
life. Patients with high LIPI scores (3-5 points) demonstrated a significant survival benefit
when treated with PCT instead of P alone. These findings emphasize the importance
of personalized treatment approaches that integrate clinical, tumor, and inflammatory
biomarkers to optimize patient outcomes. By incorporating LIPI scoring into shared
decision-making, clinicians can balance survival benefits with treatment convenience,
toxicity, and patient preferences. Given the promising results in the validation cohort,
further prospective validation in larger, multicenter studies is warranted to confirm the
LIPI-based predictive score as a clinical decision-making tool in advanced NSCLC.
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Abbreviations

The following abbreviations are used in this manuscript:

aNSCLC  Advanced Non-Small Cell Lung Cancer

ALK Anaplastic Lymphoma Kinase Gene

CI Confidence Interval

ECOGPS Eastern Cooperative Oncology Group Performance Status Score

EGFR Epidermal Growth Factor Receptor Gene

IQR Inter-Quartile Ranges

LIPI Lung Immune Prognostic Index

mOS Median Overall Survival

NA Not Specified /Not Available

NOS Not Otherwise Specified

NR Not Reached

P Pembrolizumab

PCT Combination of Pembrolizumab with Platinum-Based Chemotherapy
PD-L1 Programmed Death-Ligand 1

Pts Patients

PSM Propensity score matching

ROS1 Proto-Oncogene Tyrosine-Protein Kinase ROS1
SD Standard Deviation

TPS Tumor Proportion Score

References

1. Arbour, K.C,; Riely, G.J. Systemic therapy for locally advanced and metastatic non-small cell lung cancer: A review. JAMA |. Am.
Med. Assoc. 2019, 322, 764-774. [CrossRef]

2. Manson, G.; Norwood, J.; Marabelle, A.; Kohrt, H.; Houot, R. Biomarkers associated with checkpoint inhibitors. Ann. Oncol. 2016,
27,1199-1206. [CrossRef]

3. Jardim, D.L.; Goodman, A.; de Melo Gagliato, D.; Kurzrock, R. The Challenges of Tumor Mutational Burden as an Inmunotherapy
Biomarker. Cancer Cell 2021, 39, 154-173. [CrossRef] [PubMed]

4. Rizvi, H.; Sanchez-Vega, F.; La, K.; Chatila, W.; Jonsson, P.; Halpenny, D.; Plodkowski, A.; Long, N.; Sauter, ].L.; Rekhtman, N.;
et al. Molecular determinants of response to anti-programmed cell death (PD)-1 and anti-programmed death-ligand 1 (PD-L1)
blockade in patients with non-small-cell lung cancer profiled with targeted next-generation sequencing. J. Clin. Oncol. 2018, 36,
633-641. [CrossRef]

5. Chen,].; Wei, S.; Zhao, T.; Zhang, X.; Wang, Y.; Zhang, X. Clinical Significance of Serum Biomarkers in Stage IV Non-Small-Cell
Lung Cancer Treated with PD-1 Inhibitors: LIPI Score, NLR, dNLR, LMR, and PAB. Dis. Markers 2022, 2022, 7137357. [CrossRef]
[PubMed]

6. Hanahan, D.; Weinberg, R.A. Hallmarks of cancer: The next generation. Cell 2011, 144, 646—674. [CrossRef]

7. Russo, A,; Franchina, T.; Ricciardi, G.R.R; Battaglia, A.; Scimone, A.; Berenato, R.; Giordano, A.; Adamo, V. Baseline neutrophilia,
derived neutrophil-to-lymphocyte ratio (ANLR), platelet-to-lymphocyte ratio (PLR), and outcome in non small cell lung cancer
(NSCLC) treated with Nivolumab or Docetaxel. J. Cell. Physiol. 2018, 233, 6337-6343. [CrossRef] [PubMed]

8. Yang, T.; Hao, L.; Yang, X.; Luo, C.; Wang, G.; Lin Cai, C.; Qi, S.; Li, Z. Prognostic value of derived neutrophil-to-lymphocyte ratio

(dNLR) in patients with non-small cell lung cancer receiving immune checkpoint inhibitors: A meta-analysis. BM] Open 2021,
11, 9. [CrossRef]


https://doi.org/10.1001/jama.2019.11058
https://doi.org/10.1093/annonc/mdw181
https://doi.org/10.1016/j.ccell.2020.10.001
https://www.ncbi.nlm.nih.gov/pubmed/33125859
https://doi.org/10.1200/JCO.2017.75.3384
https://doi.org/10.1155/2022/7137357
https://www.ncbi.nlm.nih.gov/pubmed/35945957
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.1002/jcp.26609
https://www.ncbi.nlm.nih.gov/pubmed/29672849
https://doi.org/10.1136/bmjopen-2021-049123

J. Clin. Med. 2025, 14, 3543 14 of 15

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Zhang, J.; Yao, Y.H.; Li, B.G.; Yang, Q.; Zhang, P.Y.; Wang, H.T. Prognostic value of pretreatment serum lactate dehydrogenase
level in patients with solid tumors: A systematic review and meta-analysis. Sci. Rep. 2015, 5, 9800. [CrossRef]

Cona, M.S; Lecchi, M.; Cresta, S.; Damian, S.; Del Vecchio, M.; Necchi, A.; Poggi, M.M.; Raggi, D.; Randon, G.; Ratta, R.; et al.
Combination of baseline LDH, performance status and age as integrated algorithm to identify solid tumor patients with higher
probability of response to anti PD-1 and PD-I11 monoclonal antibodies. Cancers 2019, 11, 223. [CrossRef]

Mezquita, L.; Auclin, E.; Ferrara, R.; Charrier, M.; Remon, J.; Planchard, D.; Ponce, S.; Ares, L.P; Leroy, L.; Audigier-Valette, C.;
et al. Association of the lung immune prognostic index with immune checkpoint inhibitor outcomes in patients with advanced
non-small cell lung cancer. JAMA Oncol. 2018, 4, 351-357. [CrossRef] [PubMed]

Gandhi, L.; Rodriguez-Abreu, D.; Gadgeel, S.; Esteban, E.; Felip, E.; De Angelis, F.; Domine, M.; Clingan, P.; Hochmair, M.].;
Powell, S.E; et al. Pembrolizumab plus chemotherapy in metastatic non-small-cell lung cancer. N. Engl. ]. Med. 2018, 378,
2078-2092. [CrossRef]

Garon, E.B.; Rizvi, N.A.; Hui, R.; Leighl, N.; Balmanoukian, A.S.; Eder, J.P.,; Patnaik, A.; Aggarwal, C.; Gubens, M.; Horn, L.; et al.
Pembrolizumab for the treatment of non-small-cell lung cancer. N. Engl. J. Med. 2015, 372, 2018-2028. [CrossRef]

Reck, M.; Remon, J.; Hellmann, M.D. First-Line Immunotherapy for Non-Small-Cell Lung Cancer. |. Clin. Oncol. 2022, 40, 586-597.
[CrossRef]

Leighl, N.B.; Laurie, S.A.; Goss, G.D.; Hughes, B.G.; Stockler, M.R.; Tsao, M.S.; Kulkarni, S.; Blais, N.; Joy, A.A.; Mates, M.;
et al. CCTG BR.34: A randomized trial of durvalumab and tremelimumab +/— platinum-based chemotherapy in patients with
metastatic (Stage IV) squamous or nonsquamous non-small cell lung cancer (NSCLC). |. Clin. Oncol. 2020, 38 (Suppl. S15), 9502.
[CrossRef]

Holtzman, L.; Moskovitz, M.; Urban, D.; Nechushtan, H.; Keren, S.; Reinhorn, D.; Wollner, M.; Daher, S.; Rottenberg, Y.;
Rovitzky, Y.; et al. ANLR-Based Score Predicting Overall Survival Benefit for The Addition of Platinum-Based Chemotherapy to
Pembrolizumab in Advanced NSCLC with PD-L1 Tumor Proportion Score > 50%. Clin. Lung Cancer 2022, 23, 122-134. [CrossRef]
[PubMed]

Mok, T.S.; Wu, Y.L.; Kudaba, 1.; Kowalski, D.M.; Cho, B.C.; Turna, H.Z.; Castro, G.; Srimuninnimit, V.; Laktionov, K.K;
Bondarenko, L; et al. Pembrolizumab versus chemotherapy for previously untreated, PD-L1-expressing, locally advanced or
metastatic non-small-cell lung cancer (KEYNOTE-042): A randomised, open-label, controlled, phase 3 trial. Lancet 2019, 393,
1819-1830. [CrossRef] [PubMed]

Reck, M.; Rodriguez-Abreu, D.; Robinson, A.G.; Hui, R.; Cs6szi, T.; Fiilop, A.; Gottfried, M.; Peled, N.; Tafreshi, A.; Cuffe, S.; et al.
Five-Year Outcomes with Pembrolizumab Versus Chemotherapy for Metastatic Non-Small-Cell Lung Cancer with PD-L1 Tumor
Proportion Score > 50%. J. Clin. Oncol. 2021, 39, 2339-2349. [CrossRef]

Gainor, J.F; Rizvi, H.; Aguilar, E.J.; Skoulidis, F.; Yeap, B.Y.; Naidoo, J.; Khosrowijerdi, S.; Mooradian, M.; Lydon, C.; Illei, P; et al.
Clinical activity of programmed cell death 1 (PD-1) blockade in never, light, and heavy smokers with non-small-cell lung cancer
and PD-L1 expression > 50%. Ann. Oncol. 2020, 31, 404-411. [CrossRef]

Cao, R;; Ma, ].T.; Zhang, S.L.; Sun, L, Liu, Y.; Zhang, X.Y,; Jing, W.; Huang, L.T.; Han, C.B. Rational application of the first-line
chemotherapy and immune checkpoint inhibitors in advanced nonsmall cell lung cancer: A meta-analysis. Cancer Med. 2019, 8,
5033-5046. [CrossRef]

Zhou, Y,; Lin, Z.; Zhang, X.; Chen, C.; Zhao, H.; Hong, S.; Zhang, L. First-line treatment for patients with advanced non-small cell
lung carcinoma and high PD-L1 expression: Pembrolizumab or pembrolizumab plus chemotherapy. J. Immunother. Cancer 2019,
7,120. [CrossRef] [PubMed]

Dudnik, E.; Moskovitz, M.; Rottenberg, Y.; Lobachov, A.; Mandelboim, R.; Shochat, T.; Urban, D.; Wollner, M.; Nechushtan, H.;
Rotem, O.; et al. Pembrolizumab as a monotherapy or in combination with platinum-based chemotherapy in advanced non-small
cell lung cancer with PD-L1 tumor proportion score (TPS) > 50%: Real-world data. Oncoimmunology 2021, 10, 1865653. [CrossRef]
[PubMed]

Perol, M; Felip, E.; Dafni, U.; Polito, L.; Pal, N.; Tsourti, Z.; Ton, T.G.N.; Merritt, D.; Morris, S.; Stahel, R.; et al. Effectiveness of
PD-(L)1 inhibitors alone or in combination with platinum doublet chemotherapy in first-line (1L) non-squamous non-small-cell
lung cancer (Nsq-NSCLC) with PD-L1-high expression using real-world data. Ann. Oncol. 2022, 33, 511-521. [CrossRef] [PubMed]
Ortega-Franco, A.; Hodgson, C.; Raja, H.; Carter, M.; Lindsay, C.; Hughes, S.; Cove-Smith, L.; Taylor, P.; Summers, Y.; Blackhall, E;
et al. Real-World Data on Pembrolizumab for Pretreated Non-Small-Cell Lung Cancer: Clinical Outcome and Relevance of the
Lung Immune Prognostic Index. Target. Oncol. 2022, 17, 453-465. [CrossRef]


https://doi.org/10.1038/srep09800
https://doi.org/10.3390/cancers11020223
https://doi.org/10.1001/jamaoncol.2017.4771
https://www.ncbi.nlm.nih.gov/pubmed/29327044
https://doi.org/10.1056/NEJMoa1801005
https://doi.org/10.1056/NEJMoa1501824
https://doi.org/10.1200/JCO.21.01497
https://doi.org/10.1200/JCO.2020.38.15_suppl.9502
https://doi.org/10.1016/j.cllc.2021.12.006
https://www.ncbi.nlm.nih.gov/pubmed/35034862
https://doi.org/10.1016/S0140-6736(18)32409-7
https://www.ncbi.nlm.nih.gov/pubmed/30955977
https://doi.org/10.1200/JCO.21.00174
https://doi.org/10.1016/j.annonc.2019.11.015
https://doi.org/10.1002/cam4.2407
https://doi.org/10.1186/s40425-019-0600-6
https://www.ncbi.nlm.nih.gov/pubmed/31053172
https://doi.org/10.1080/2162402X.2020.1865653
https://www.ncbi.nlm.nih.gov/pubmed/33552685
https://doi.org/10.1016/j.annonc.2022.02.008
https://www.ncbi.nlm.nih.gov/pubmed/35218887
https://doi.org/10.1007/s11523-022-00889-8

J. Clin. Med. 2025, 14, 3543 15 of 15

25.  Sorich, M.J.; Rowland, A.; Karapetis, C.S.; Hopkins, A.M. Evaluation of the Lung Immune Prognostic Index for Prediction of
Survival and Response in Patients Treated with Atezolizumab for NSCLC: Pooled Analysis of Clinical Trials. J. Thorac. Oncol.
2019, 14, 1440-1446. [CrossRef]

26. Tanaka, S.; Uchino, J.; Yokoi, T.; Kijima, T.; Goto, Y.; Suga, Y.; Katayama, Y.; Nakamura, R.; Morimoto, K.; Nakao, A.; et al.
Prognostic Nutritional Index and Lung Immune Prognostic Index as Prognostic Predictors for Combination Therapies of Inmune
Checkpoint Inhibitors and Cytotoxic Anticancer Chemotherapy for Patients with Advanced Non-Small Cell Lung Cancer.
Diagnostics 2022, 12, 423. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.jtho.2019.04.006
https://doi.org/10.3390/diagnostics12020423

	Introduction 
	Materials and Methods 
	Patient Selection 
	Study Design 
	Statistical Analysis 

	Results 
	Baseline, Tumor, and Treatment Characteristics 
	Proof-of-Concept Cohort 
	Validation Cohort 

	Overall Survival (OS) in the Entire and Matched Cohorts 
	Predictive Score Development and Evaluation 

	Discussion 
	Conclusions 
	References

