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ABSTRACT
Background  The necessity of platinum-doublet 
chemotherapy in first-line immunotherapy for non-
squamous non-small cell lung cancer (nsqNSCLC) with 
programmed death-ligand 1 (PD-L1) expression on less 
than 50% of tumor cells remains poorly investigated. 
Biomarkers predicting this necessity can guide 
chemotherapy-free treatment to minimize unnecessary 
toxicity.
Methods  Treated with immune checkpoint inhibitor 
monotherapy (ICI-mono), chemotherapy, or combination 
(ICI-chemo), 790 low PD-L1-expressing nsqNSCLCs 
(in-house: n=83; public: n=707) were analyzed for 
development and validation of the interaction score for 
additional chemotherapy (ISAC). Transcriptomic (public, 
n=11) and multiplex immunofluorescence data (in-
house, n=100) were analyzed to evaluate the immune 
microenvironment.
Results  ICI-chemo, compared with ICI-mono, tended 
to prolong progression-free survival (PFS; HR=0.72, 
p=0.004) and overall survival (OS; HR=0.77, p=0.071) as 
first-line therapy in low PD-L1-expressing nsqNSCLCs. The 
added value of chemotherapy was observed in the ISAC-
low subgroup (PFS: HR=0.48, p<0.001; OS: HR=0.53, 
p=0.001) rather than the ISAC-high subgroup (PFS: 
HR=1.08, p=0.65; OS: HR=1.14, p=0.56). This predictive 
utility was independent of tumor mutational burden and 
PD-L1 expression, indicated by subgroup and multivariable 
analyses. A high ISAC was associated with adaptive 
immune resistance reflected by more proinflammatory 
(eg, CD8+ T cells and M1 macrophages) rather than anti-
inflammatory tumor-infiltrating immune cells (eg, M2 
macrophages) and high expression of immune checkpoints 
except for PD-L1 (eg, programmed cell death protein-1).
Conclusion  A high ISAC was identified as a significant 
predictor for virtually no added value of platinum-doublet 
chemotherapy for first-line ICI treatment in low PD-L1-
expressing nsqNSCLC. Our findings may help refine 
personalized therapeutic strategies for nsqNSCLC, thereby 
improving efficacy and reducing undue toxicity.

INTRODUCTION
Immune checkpoint inhibitors (ICIs) 
targeting programmed death-(ligand) 1 
(PD-(L)1) have revolutionized the treatment 

landscape of non-small cell lung cancer 
(NSCLC), offering long-term disease control.1 
As durable responses to ICI monotherapy 
(ICI-mono) occur in only a tiny minority, 
research efforts have concentrated on using 
other treatments as adjuvants to maximize the 
long-term benefits of ICI.2 Platinum-doublet 
chemotherapy, the once-standard first-line 
treatment for non-squamous NSCLC (nsqN-
SCLC),3 has been tested in multiple trials as a 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ In the first-line setting of non-squamous non-small 
cell lung cancers (nsqNSCLCs) with programmed 
death-ligand 1 (PD-L1)<50%, randomized con-
trolled trials typically compared immune checkpoint 
inhibitor (ICI) plus chemotherapy with chemotherapy 
alone rather than head-to-head with ICI monothera-
py (ICI-mono). Whether synergistic effects exist be-
tween ICI and chemotherapy remains hotly debated, 
leaving the question open as to whether chemother-
apy is unavoidably required in combination with ICI 
in the first-line treatment.

WHAT THIS STUDY ADDS
	⇒ The interaction score for additional chemotherapy 
(ISAC) was developed and validated using 790 low 
PD-L1-expressing nsqNSCLCs. A high ISAC was 
identified as a significant predictor for virtually no 
added value of chemotherapy to ICI and adaptive 
immune resistance reflected by more proinflamma-
tory rather than anti-inflammatory tumor-infiltrating 
immune cells and high expression of immune 
checkpoints except PD-L1 (eg, programmed cell 
death protein-1).

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ In addition to the PD-L1≥50% nsqNSCLC where ICI-
mono was approved and recommended as first-line 
therapy, the ISAC can further distinguish nearly half 
of PD-L1<50% nsqNSCLCs to be exempted from 
chemotherapy in the first-line setting, thereby re-
ducing undue toxicity and improving quality of life.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
.

E
rasm

u
sh

o
g

esch
o

o
l

at D
ep

artm
en

t G
E

Z
-L

T
A

 
o

n
 M

ay 21, 2025
 

h
ttp

://jitc.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
29 N

o
vem

b
er 2024. 

10.1136/jitc-2024-009693 o
n

 
J Im

m
u

n
o

th
er C

an
cer: first p

u
b

lish
ed

 as 

https://jitc.bmj.com/
http://orcid.org/0000-0002-8634-9590
http://orcid.org/0000-0001-9908-597X
https://doi.org/10.1136/jitc-2024-009693
https://doi.org/10.1136/jitc-2024-009693
http://crossmark.crossref.org/dialog/?doi=10.1136/jitc-2024-009693&domain=pdf&date_stamp=2024-10-29
http://jitc.bmj.com/


2 Li H, et al. J Immunother Cancer 2024;12:e009693. doi:10.1136/jitc-2024-009693

Open access�

combination regimen with ICI in the first-line setting.4–8 
However, these trials typically compared ICI plus chemo-
therapy (ICI-chemo) with chemotherapy alone rather 
than head-to-head with ICI-mono.4–8 Despite that ICI-
chemo has been demonstrated to provide survival bene-
fits over chemotherapy alone,4–8 this fails to answer the 
central question as to which patients need chemotherapy 
to increase ICI efficacy.

In the nsqNSCLC with PD-L1 expression on greater than 
50% of tumor cells (tumor proportion score (TPS)≥50%), 
the survival benefit of ICI-mono versus chemotherapy was 
comparable to that of ICI-chemo versus chemotherapy 
in randomized controlled trials (RCTs),5–7 9–11 leading 
healthcare providers to depend on PD-L1 TPS≥50% as a 
threshold for ICI-mono. Subsequent retrospective studies 
have also confirmed similar survival on ICI-mono and 
ICI-chemo in the TPS≥50% population.12 13 On the other 
hand, in the low PD-L1-expressing nsqNSCLC, whether 
a synergistic effect exists between ICI and chemotherapy 
remains hotly debated,14 15 leaving the question open 
as to whether chemotherapy is unavoidably required in 
combination with ICI in the first-line treatment.

Hong et al previously identified CDKN2A alterations as 
biomarkers indicating no benefits from ICI-chemo over 
ICI-mono in NSCLC.15 However, CDKN2A alterations 
occurred primarily in squamous NSCLC rather than in 
nsqNSCLC, suggesting that the predictive significance 
of CDKN2A in NSCLC may be largely attributed to the 
squamous subtype. Here, we focused on low PD-L1-
expressing nsqNSCLC and sought to develop the interac-
tion score for additional chemotherapy (ISAC) to predict 
the benefit from ICI-chemo over ICI-mono as first-line 
therapy by analyzing an in-house database and four 
public cohorts. In addition, we aimed to further explore 
its correlation with the immune microenvironment via 
transcriptomic analysis on a public data set and in-house 
multiplex immunofluorescence experiments.

MATERIALS AND METHODS
Patients for ISAC development and validation
The features of immunotherapy cohorts are displayed in 
online supplemental table S1 (eg, regimen, setting, sample 
size, treatment lines, outcome, testing method of PD-L1 
and mutations). First, the in-house cohort includes 150 
patients with advanced NSCLC treated with programmed 
cell death protein-1 (PD-1)/PD-L1 monotherapy at 
Jilin Cancer Hospital, who had mutational data from 
sequencing either pretreatment circulating tumor DNA 
(ctDNA, 150-gene panel, 3D Medicines) or cancer tissue 
(whole-exome sequencing (WES) or 520-gene panel, 
Burning Rock Biotech). The baseline characteristics of 
included in-house samples are shown in online supple-
mental table S2. In addition, other four publicly available 
cohorts from different sources (Memorial Sloan-Kettering 
Cancer Center (MSKCC), MD Anderson Cancer Center 
(MDACC), Broad Institute of Massachusetts Institute of 
Technology, and the “immunotherapeutic predictive 

and cancer prognostic biomarkers” (IMPACT) platform) 
were acquired from manuscripts’ appendices or online 
databases.15–20 The adenosquamous and not otherwise 
specified NSCLCs were not included in our analysis.

This report follows the Strengthening the Reporting 
of Observational Studies in Epidemiology reporting 
guideline.

Mutational analysis
The detailed sequencing methods of the 150-gene panel, 
the 520-gene panel, and WES were described in previous 
studies.8 21 22 Mutated genes were restricted to non-silent 
mutations consisting of non-sense, missense, frameshift, 
inframe, splice site, translation start site, and non-stop 
mutations. Truncating mutations of oncogenes were 
excluded because most of these are passenger mutations 
with limited cancer-promoting function.

Since the MDACC cohort only contains mutational 
data of 70 genes, tumor mutational burden (TMB) was 
not calculated in this cohort and the genomic analysis 
in our study was limited to the key genes shared by all 
cohorts. The list of key genes and signaling pathways is 
shown in online supplemental table S3. This definition of 
pathways was derived from previous studies.23–26

ISAC development and validation
In the first-line training set, the interaction effect on 
progression-free survival (PFS) between treatment (ICI-
chemo vs ICI-mono) and the mutational status of each 
gene and pathway with a mutational rate over 5.0% 
(mutation vs wild-type) was calculated. The interaction 
terms with a potential value for prediction (HR<0.67 or 
>1.50, p<0.30) were included in the following multivari-
able analysis, incorporating the treatment variable, all the 
mutational events that meet the aforementioned criteria, 
and their interaction terms with the treatment variable. 
The coefficient of each mutational event was determined 
by the natural logarithm of the HR of its interaction term. 
The formula for the ISAC is as follows:

	﻿‍ISAC =
∑[

(Mutational event × In(interaction HR in multivariable model)
]
‍�

Prognostic analysis
To explore the prognostic effect of the ISAC, we down-
loaded data from the cBioPortal database for all patients 
with stage IV nsqNSCLC.27 28 After deduplication, a total 
of 1,012 patients with overall survival (OS) and muta-
tional data were included for prognostic analysis (base-
line characteristic: online supplemental table S4).23 29–33

Transcriptomic analysis
From the data published by Ravi et al,20 we found 11 
low PD-L1-expressing nsqNSCLC with both mutation 
and messenger RNA (mRNA) data and 24 high PD-L1-
expressing samples with mRNA data to explore the tran-
scriptomic correlates of the ISAC (baseline characteristic: 
online supplemental table S5).

For Gene Set Enrichment Analysis (GSEA), the 
javaGSEA desktop application (GSEA V.4.0.1) was used 
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to investigate the gene signatures significantly different 
between the high-ISAC and low-ISAC samples.34 The 
normalized enrichment score is the primary statistic for 
assessing the enrichment of gene sets.

Cell-type identification by estimating relative subsets 
of RNA transcripts (CIBERSORT), an online method 
(https://cibersort.stanford.edu/index.php) for charac-
terizing cell composition of complex tissues from their 
gene expression profiles,35 was applied to the enumera-
tion of hematopoietic subsets in mRNA mixtures. CIBER-
SORT outperformed other methods concerning noise, 
unknown mixture content, and closely related cell types.35

Multiplex immunofluorescence staining
The paraffin blocks of advanced nsqNSCLC with low 
PD-L1 expression (n=100) were prepared using routine 
methods and cut into 5 µm slides for staining. Multiplex 
immunofluorescence staining was performed using the 
PANO 7-plex IHC kit (Panovue, Beijing, China) to visu-
alize the expression of CD3, CD8, CD56, CD68, PD-1, 
PD-L1, and CD163. Whole-slide scanning fluorescent 
images were obtained by the Olympus VS200 (Germany) 
and analyzed using the QuPath software. Detailed 
methods were described in previous published articles.36

Statistical analysis
To assess the between-group difference, we performed 
(1) the Fisher exact test for categorical variables, (2) the 
Mann-Whitney or unpaired t-test for continuous variables, 
and (3) the Kaplan-Meier method, the log-rank method, 
and the Cox regression (HR and 95% CI) for survival 
variables. To evaluate correlation, we implemented the 
Spearman analysis. All statistical analyses mentioned 
above were performed using IBM SPSS Statistics V.22 or 
R V.4.1.2. The nominal level of significance was set as 5%, 
and all 95% CIs were two-sided.

RESULTS
Clinical features of the low PD-L1-expressing nsqNSCLCs for 
ISAC development and validation
The patient flow is illustrated in figure 1. Of the total 2,016 
nsqNSCLCs obtained from the in-house database, three 
immunotherapy cohorts (MDACC, MSKCC, and Broad), 
and the IMPACT database,15–20 patients without PD-L1 
results (n=769) or with high tumorous PD-L1 expression 
(TPS≥50. n=347), and those who had undergone three or 
more lines of prior therapy (n=34) or treated with anti-
cytotoxic T-cell lymphocyte-4 (anti-CTLA-4, n=76) were 
excluded. The remaining 790 patients were classified into 
three sets. The “first-line total set” comprised low PD-L1-
expressing nsqNSCLCs receiving first-line ICI-chemo 
(n=287) or ICI-mono (n=147). Additionally, collected 
from the IMPACT database, 70 nsqNSCLCs were treated 
with first-line platinum-doublet chemotherapy originally 
in an RCT where crossover to ICI was available. These 
70 patients were used for the comparison of three first-
line treatment options, that is, ICI-chemo, ICI-mono, and 

chemotherapy alone. Moreover, patients who received 
second/third-line ICI-chemo (n=15) or ICI-mono 
(n=271) were included in the “second/third-line test set”. 
The baseline characteristics of the analyzed patients are 
shown in online supplemental table S6.

ISAC development and validation
The first-line total set was used for ISAC training and vali-
dation. Of these, no significant disparity in survival was 
observed among subjects from different sources (online 
supplemental figure S1A), suggesting a high level of 
consistency. The median PFS (mPFS) was 8.3 months 
in the ICI-chemo group, 5.3 months in the ICI-mono 
group, and 5.8 months in the chemotherapy group. The 
ICI-chemo combination delayed progression or death 
compared with ICI-mono (HR=0.72, 95% CI 0.58 to 0.90, 
p=0.004) or chemotherapy alone (HR=0.63, 95% CI 0.47 
to 0.84, p=0.002, online supplemental figure S1B). These 
findings are consistent with previously published data on 
the low PD-L1-expressing subgroup.5 9 37

These individuals were randomized into a training set 
and a validation set (ratio, 2:1; n=290 and 144, respec-
tively) in a treatment and PD-L1 expression-matched 
manner. In the training set, the interaction effect on PFS 
between treatment (ICI-chemo vs ICI-mono) and the 
mutational status of each gene and pathway with a muta-
tional rate over 5.0% (mutation vs wildtype) was calcu-
lated (online supplemental table S7). Interaction effects 
are often difficult to reach statistical significance due to 
the requirement for large sample sizes. Here, in filtering 
for mutational events to develop the ISAC, we relaxed 
the restriction on p values (<0.30) but additionally added 
the requirement for HR (<0.67 or >1.50). Thereby, it is 
possible to avoid missing mutational events with predic-
tive values.

In total, 10 mutational events were qualified, including 
EGFR, TP53, STK11, PI3KCA, NF1, APC, ATM, and path-
ways of WNT, receptor tyrosine kinase, and homologous 
recombination repair (HRR, figure  2A). APC and ATM 
belong to the WNT and HRR pathways, respectively. To 
avoid duplication, we did not include APC and ATM in 
our modeling, but rather the WNT and HRR pathways. 
In addition, the previously reported CDKN2A mutation, 
which was associated with being unsuitable for ICI-chemo 
treatment,15 showed a similar trend in the training 
set (HR=1.80, p=0.43; online supplemental table S7). 
However, due to its low mutational rate (3.1%) and its 
failure to meet the p value requirement (<0.30), it was not 
considered for inclusion in the ISAC.

The coefficient of each mutational event was deter-
mined by a multivariable model (online supplemental 
methods, figure 2B and online supplemental table S8). 
As illustrated by calibration curves, the actual and ISAC-
predicted 6/12 month PFS rates were highly consistent 
(figure 2C). The ISAC was irrelevant to age, sex, PD-L1 
expression, and TMB (online supplemental table S9), but 
a high ISAC was linked with poor prognosis in the stage I–
III and stage IV nsqNSCLCs obtained from the cBioPortal 
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database (online supplemental figure S2), suggesting the 
aggressiveness of high-ISAC nsqNSCLCs.

In the training set, for each cut-off value ranging from 
10th to 90th percentiles, we calculated the treatment 
effect (ICI-chemo vs ICI-mono) in the below cut-off and 
the above cut-off subgroups (figure  2D). To define the 
largest group of patients who could be spared chemo-
therapy, the cut-off was chosen at 0.000, where the benefit 
from ICI-chemo over ICI-mono was considerable in the 
ISAC-low subgroup (proportion: 53.8%, HR=0.44, 95% CI 
0.31 to 0.64, p<0.001) while negligible in the ISCA-high 

subgroup (proportion: 46.2%, HR=1.08, 95% CI 0.70 to 
1.65, p=0.67, figure 2E). This cut-off was applicable across 
different subgroups defined by age, sex, TMB, and PD-L1 
expression (online supplemental figure S3). In the vali-
dation set, similar predictive power was observed (low-
ISAC: HR=0.61, 95% CI 0.40 to 0.92, p=0.016; high-ISAC: 
HR=1.01, 95% CI 0.47 to 2.15, p=0.98, figure 2F).

Compared with ICI-chemo, patients experiencing 
progression on ICI-mono still have the chance to receive 
platinum-doublet chemotherapy as subsequent treatment. 
Given this, merely estimating PFS benefits is not sufficient 

Figure 1  Schematic diagram. anti-CTLA-4, anti-cytotoxic T-cell lymphocyte-4; CIBERSORT, cell-type identification by 
estimating relative subsets of RNA transcripts; GSEA, gene set enrichment analysis; HLA, human leukocyte antigen; ICI, 
immune checkpoint inhibitor; IHC, immunohistochemical staining; IMPACT, immunotherapeutic predictive and cancer 
prognostic biomarkers; ISAC, interaction score for additional chemotherapy; MDACC, MD Anderson Cancer Center; mRNA, 
messenger RNA; MSKCC, Memorial Sloan-Kettering Cancer Center; NGS, next-generation sequencing; nsqNSCLC, non-
squamous non-small cell lung cancer; PD-1, programmed cell death protein-1; PD-(L)1, programmed death-(ligand) 1; TPS, 
tumor proportion score; WES, whole-exome sequencing.
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for comparing ICI-chemo and ICI-mono. OS data were 
available in most patients (287/290) and exhibited an 
identical trend as PFS (figure  2G,H), further corrobo-
rating the predictive value of the ISAC. Moreover, in the 
second/third-line extra set where patients were likely to 
have received platinum-doublet chemotherapy, similar 
predictive utility was observed (online supplemental 
figure S4). In summary, the benefit from ICI-chemo over 
ICI-mono was revealed in the low PD-L1-expressing nsqN-
SCLCs with a low, rather than a high ISAC.

ISAC and survival on first-line treatment options
Among all the patients receiving first-line treatments in 
our study, we compared survival outcomes on different 
regimens separately in the ISAC-low and the ISAC-high 
subgroups. First, the low-ISAC nsqNSCLCs responded 
poorly to ICI-mono but well to chemotherapy (mPFS: 3.2 
vs 7.6 months, HR=1.69, 95% CI 1.12 to 2.54, p=0.008, 
figure  3A). On top of chemotherapy, additional ICI 
improved long-term rather than short-term PFS (1-year 
PFS rate: 35.2% vs 36.3%, p=0.40; 2-year PFS rate: 19.3% 

Figure 2  Development and validation of the predictive power of the ISAC. (A) Interaction effect between mutational events 
(mutated vs wild-type) and treatments (ICI-chemo vs ICI-mono) on PFS. (B) Coefficients of the mutational events for developing 
the ISAC in the multivariable model. (C) Calibration curves illustrating the association between the actual 6/12 month PFS rate 
and ISAC-predicted 6/12 month PFS rate in the training set. Solid circle: ideal results. Hollow rhombus and 95% CI: results after 
bootstrap resampling for 1,000 times. (D) Treatment effect (ICI-chemo vs ICI-mono) in the below cut-off and the above cut-off 
subgroups. (E–F) PFS benefits from ICI-chemo over ICI-mono in the ISAC-low and the ISAC-high subgroups of the training set 
(E) and the validation set (F). (G–H) OS benefits from ICI-chemo over ICI-mono in the ISAC-low and the ISAC-high subgroups 
of the training set (G) and the validation set (H). ICI, immune checkpoint inhibitor; ISAC, interaction score for additional 
chemotherapy; OS, overall survival; PFS, progression-free survival.
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vs 4.7%, p=0.005; figure  3A), which successfully trans-
lated into a long-term OS benefit (3-year OS rate: 46.6% 
vs 21.7%, p=0.031, figure 3B). This pattern of long-term 
instead of short-term benefits is aligned with prior ICI 
performance in nsqNSCLCs.9 10 38 39

In contrast, the high-ISAC nsqNSCLCs responded well 
to ICI-mono but poorly to chemotherapy (mPFS: 8.5 
vs 4.2 months, HR=0.43, 95% CI 0.26 to 0.72, p=0.001, 
figure 3A). Based on ICI, the combination with chemo-
therapy only slightly increased the short-term PFS (4 
month-PFS rate: 79.1% vs 66.3%, p=0.066; 6 month-PFS 
rate: 65.9% vs 61.8%, p=0.34, figure 3A) which failed to 
elicit both short- and long-term OS benefits (figure 3B). 
ICI-mono benefited the PD-L1-low/ISAC-high patients 
to the level comparable with the PD-L1-high patients in 
cohorts from in-house and public sources (PFS: p=0.97; 
OS: p=0.67; online supplemental figure S5).

PD-L1 expression and TMB were not significantly associ-
ated with the ISAC (online supplemental table S9) whose 
predictive value was also robust in the subgroups defined 
by PD-L1 expression (online supplemental figure S6) and 
TMB (online supplemental figure S7). Moreover, regard-
less of whether the ISAC was treated as a categorical (high 
vs low) or a continuous variable, its predictive function 
was independent of PD-L1 expression and TMB in the 

multivariable models (online supplemental table S10). 
Taken together, the ISAC may serve as an independent 
predictor guiding exemption from chemotherapy in the 
first-line treatment of low PD-L1-expressing nsqNSCLCs.

Immune-related associations of the ISAC
The Broad cohort includes 11 low PD-L1-expressing 
advanced nsqNSCLCs with both WES and tissue-bulk 
RNA-seq data.20 GSEA between the ISAC-high and the 
ISAC-low subgroups revealed 144 and 33 pathways respec-
tively enriched in these two subgroups (online supple-
mental table S11). Of these, 12 immunity-related pathways 
were illustrated in figure 4A, concerning integrin, interac-
tions between lymphoid and non-lymphoid cells, antigen 
presentation, B/T cell receptor (B/TCR), interleukins, 
interferons, and PD-1. We also compared the ISAC-high 
group with other 24 high PD-L1-expressing samples 
(TPS≥50) and found that the results of all immunity-
related pathways were non-significant (p>0.05) except the 
gene set namely “antigen activates BCR leading to gener-
ation of second messengers” (enriched in high PD-L1-
expressing samples, p=0.027; online supplemental table 
S11). These results suggested adaptive immune resistance 
in the tumor immune microenvironment (TIME) of the 
PD-L1-low/ISAC-high nsqNSCLCs, and the degree of this 

Figure 3  Association between the ISAC and survival on first-line treatment options. (A–B)  PFS (A) and OS (B) on first-line ICI-
chemo, ICI-mono, and chemotherapy alone in the ISAC-low and ISAC-high subgroups. ICI, immune checkpoint inhibitor; ISAC, 
interaction score for additional chemotherapy; OS, overall survival; PFS, progression-free survival.
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resistance was similar to that in the high PD-L1-expressing 
nsqNSCLCs.

Additionally, in the comparison between the ISAC-high 
and the ISAC-low samples, 6 out of the 10 most signifi-
cantly enriched gene sets are related to cell cycle (online 

supplemental table S11), suggesting the connection 
between a high ISAC and activation of cell cycle pathways 
that have been previously suggested to be associated with 
favorable ICI efficacy.40 In figure  4A, all the cell cycle-
related gene sets with a significant result were presented.

Figure 4  Associations of the ISAC with GSEA signatures, expression of immune checkpoints, and immune cell infiltration 
in the Broad cohort. (A) .GSEA between the ISAC-low and the ISAC-high subgroups. (B–C) . Associations of the ISAC 
with immune checkpoints, HLAs (B), and immune cell fraction deconvoluted by the CIBERSORT (C). BCR, B cell receptor; 
CIBERSORT, cell type identification by estimating relative subsets of RNA transcripts; CTLA-4, cytotoxic T-cell lymphocyte-4; 
GSEA, gene set enrichment analysis; HLA, human leukocyte antigen; ISAC, interaction score for additional chemotherapy; 
LUAD, lung adenocarcinoma; MHC, major histocompatibility complex; NES, normalized enrichment score; NK, natural killer; 
PD-1, programmed cell death protein-1; PD-L1, programmed death-ligand 1; TCR, T cell receptor; TPS, tumor proportional 
score.
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In The Cancer Genome Atlas study, expression of 
human leukocyte antigens (HLAs) and immune check-
points largely segregated tumors by immune subtypes, 
perhaps indicative of their role in shaping the TIME.41 
Here, we observed that the ISAC was not significantly 
associated with CD274 (PD-L1) expression (p=0.63, 
figure  4B), consistent with previous results in the first-
line total set (online supplemental table S9). Despite this, 
positive correlations were revealed between the ISAC 
and other immune checkpoints (eg, PDCD1, PDCD1LG2, 
CTLA4, LAG3, and TIGIT) and several HLAs (figure 4B). 
In addition, the ISAC trended to be linked with more 
CD8+ T cells, follicular helper T cells, and M0/1 macro-
phages and fewer resting NK cells (figure  4C; online 
supplemental table S12), which were deconvoluted from 
RNA-seq data by the CIBERSORT algorithm.

Technically, deconvolution is unable to recognize 
the localization of tumor-infiltrating immune cells, for 
example, tumorous or stromal area. To address this 
issue, we implemented multiplex immunofluorescence 
staining in 100 low PD-L1-expressing advanced nsqNS-
CLCs. A higher ISAC was associated with more cells with 
PD-1 rather than PD-L1 positivity in both tumorous and 
stromal areas (figure 5A), consistent with previous results 
(figure 4B and online supplemental table S9). Among all 
results, the correlations of the ISAC with CD8+ cells and the 
proportion of inflammatory M1 macrophages among all 
macrophages (M1: CD68+/CD163−; M2: CD68+/CD163−) 
were the most significant, and these correlations were 
consistent in both tumor and stromal regions (figure 5A). 
Representative images are displayed in figure  5B with 
arrowheads highlighting the staining of CD8, CD68 and 
CD163. These observations in terms of immune pathways, 
immune checkpoints, HLAs, and immune cells indicate 
a high level of adaptive immune resistance in the ISAC-
high subgroup of low PD-L1-expressing nsqNSCLCs, 
which may explain why ICI-mono can achieve good effi-
cacy in this population, thereby making the addition of 
chemotherapy unnecessary.

DISCUSSION
In this study, we developed and validated the ISAC as a 
predictive biomarker for the added value of platinum-
doublet chemotherapy for first-line ICI monotherapy 
in low PD-L1-expressing nsqNSCLCs. As summarized in 
figure 6, equivalent survival outcomes on ICI-chemo and 
ICI-mono were observed in the ISAC-high subgroup, indi-
cating the potential exemption from chemotherapy.

In the ISAC-high nsqNSCLCs with low PD-L1 expres-
sion, the favorable response to ICI-mono may be 
attributed to adaptive resistance induced by overregu-
lation of activated tumor-infiltrating leukocytes (TILs), 
as reflected by (1) the enrichment of immune-related 
pathways in GSEA, (2) a higher proportion of proinflam-
matory versus anti-inflammatory TILs, and (3) elevated 
expression of immune checkpoints and HLAs. Chemo-
therapeutic agents are widely considered to facilitate ICIs 

by leading to immunogenic apoptosis of tumor cells and 
depleting suppressive tumor-infiltrating immune cells.42 
Here, we found that a high ISAC was associated with high 
expression of genes related to the pathways concerning 
apoptotic factor-mediated response and less infiltration 
of anti-inflammatory M2 macrophage in the tumorous 
area. Therefore, there is little room for chemotherapy 
to enhance outcomes in the ISAC-high subgroup, likely 
resulting in negligible synergistic effects of chemotherapy 
on ICI-mono Conversely, in the ISAC-low subgroup, 
ICI-chemo approximately doubled the 3-year OS rate 
compared with ICI-mono and chemo, suggesting a strong 
synergy.

Recently, Hong et al reported no synergy between ICI 
and chemotherapy in the first-line treatment for NSCLC, 
as evidenced by the equivalent OS in patients treated 
with ICI-mono with subsequent chemotherapy (sequen-
tially) and those treated concurrently.15 However, in their 
MDACC cohort, the ICI-chemo subgroup had a smaller 
proportion of squamous histology, lower PD-L1 expres-
sion, and higher disease burden (stage IVb and brain/
liver metastasis), compared with those treated sequen-
tially.15 These biases may lead to an underestimation 
of the benefits of combination therapy. Here, besides 
the MDACC cohort, we also included in-house patients 
and those from other public sources and restricted the 
population for analysis to low PD-L1-expressing nsqN-
SCLC, where ICI-chemo delayed progression and death 
compared with ICI-mono, consistent with a published 
network meta-analysis.43

The treatment effect in the total population cannot 
simply be generalized to every individual due to the severe 
heterogeneity in nsqNSCLC, warranting biomarker anal-
yses. Hong et al discovered CDKN2A alterations as predic-
tors indicating no benefits from ICI-chemo over ICI-mono 
in NSCLC,15 which was not validated in our study 
focusing on low PD-L1-expressing nsqNSCLC. CDKN2A is 
predominantly mutated in squamous NSCLC, not nsqN-
SCLC,44 45 leading to the possibility that the predictive 
value of CDKN2A alterations in NSCLC may primarily 
be attributed to the squamous subtype. Although the 
ICI-containing regimens brought similar benefits in non-
squamous and squamous NSCLCs,1 46 47 this does not 
imply consistent potencies of predictive biomarkers for 
immunotherapy in both subtypes,48 49 presumably owing 
to distinct pathophysiology,45 mutational landscape,50 
and immune microenvironment.51

Usually, researchers identified “qualitative” predictive 
biomarkers that were significantly linked with survival in 
the intervention arm but not in the control arm.15 52–54 
However, the difference in the association of a biomarker 
with survival across treatment arms (estimated by the inter-
action effect between biomarker and treatment choices) 
is an essential proof of its predictive utility for guiding 
treatment choices.55 56 Here, we calculated the interac-
tion effect between each mutational event and treatment 
option in the training set and developed the ISAC accord-
ingly. The ISAC performed well in the validation set and 
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Figure 5  Associations between the ISAC and immune cell infiltration estimated by multiple immunofluorescences in the in-
house cohort. (A)  Correlation between the ISAC and the intensities of immune cell markers. (B–C)  Representative images of 
the ISAC-low (B) and the ISAC-high samples (C). The ISAC for each sample and its associated mutations are at the top of the 
graph. Each sample has two representative images, linked with two different panels (panel A: CD3, CD8, PD-1, PD-L1, DAPI, 
and Pan-CK; panel B: CD56, CD68, CD163, DAPI, and Pan-CK). In panel A, red arrows indicate CD8. In panel B, green and red 
arrows indicate CD68 and CD163, respectively. Scale bar=100 µm. DAPI, 4',6-diamidino-2-phenylindole; ISAC, interaction score 
for additional chemotherapy; LUAD, lung adenocarcinoma; PD-1, programmed cell death protein-1; PD-L1, programmed death-
ligand 1; TPS, tumor proportional score.
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its predictive utility was independent of PD-L1 and TMB, 
holding great promise by its broad applicability.

As for limitations, the retrospective nature of this study 
might confound the outcomes. The ISAC needs valida-
tion in prospective cohorts before adoption in clinical 
practice. The patients treated with ICI-chemo or ICI-
mono were obtained from multiple sources, and this 
multicohort design could balance experimental features 
and reduce their confounding impacts to some extent. 
However, the heterogeneity in methods for assessing 
TMB and PD-L1 across cohorts may introduce biases. The 
TMB data used in this study were all derived from WES 
or panels containing more than 150 genes, and the TMB 
estimated by these large panels has been reported to be 
highly correlated with those acquired from WES.18 21 57 
The PD-L1 antibodies used in different cohorts are varied 
(SP263, 22C3, 28–8, E1L3N, and JS311). Of these, the 
two antibodies for laboratory-developed tests (JS311 and 
E1L3N) showed great consistency with the other three 
for PD-L1 standardized assays (22C3, 28–8, and SP263) 
in previous cross-correlation studies.58–60 Taken together, 
the varied methods of assessing TMB and PD-L1 may not 
impact greatly the outcomes. Moreover, patients under-
going cisplatin/carboplatin plus pemetrexed were all 
obtained from an RCT recruiting patients solely from 
China. First, ethnicity was not associated with the effi-
cacy of platinum-doublet chemotherapy in previous 
trials.61 62 Second, TMB and PD-L1 expression at base-
line were comparable between patients treated with 
chemotherapy alone and those undergoing ICI-chemo 

or ICI-mono. Given these, it can be speculated that the 
conclusion of our study may not be influenced by the 
single source of the first-line chemotherapy set. Further-
more, copy number variations (CNVs) were not consid-
ered in this study, since they are challenging to accurately 
detect in ctDNA and the cancer samples with a low purity. 
The potential value of CNVs could be further explored 
using laser-capture microdissection techniques.

CONCLUSIONS
Through a large retrospective analysis, a high ISAC was 
identified as a significant predictor for adaptive immune 
resistance induced by over-regulation of activated TILs and 
virtually no synergistic effect of platinum-doublet chemo-
therapy on ICI in low PD-L1-expressing nsqNSCLC. The 
ISAC-high nsqNSCLCs exhibited short survival on chemo-
therapy while equivalently long survival on ICI-mono and 
ICI-chemo, suggesting the feasibility of chemotherapy-
free treatment to reduce toxicity. Conversely, favorable 
responses to chemotherapy while poor responses to ICI 
were revealed in the ISAC-low subgroup, where a syner-
gistic effect of chemotherapy on ICI was observed, indi-
cating the necessity of chemotherapy as an adjuvant for 
ICI in this subpopulation. In addition to the PD-L1≥50% 
subgroup where ICI-mono was approved and recom-
mended as first-line therapy,3 the ISAC can further 
distinguish nearly half of PD-L1<50% nsqNSCLCs to be 
exempted from chemotherapy in the first-line setting. 
Our findings may help refine personalized therapeutic 

Figure 6  Summary. ICI, immune checkpoint inhibitor; ISAC, interaction score for additional chemotherapy; nsqNSCLC, 
non-squamous non-small cell lung cancer; OS, overall survival; PD-(L)1, programmed death-(ligand) 1; PFS, progression-free 
survival; TIME, tumor immune microenvironment; TPS, tumor proportional score.
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strategies for nsqNSCLC, thereby improving efficacy and 
reducing undue toxicity.
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