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Abstract
Aim: Immune checkpoint inhibitors improved the survival of advanced non-small cell lung cancer. 
However, only 20% of patients respond to these treatments and the search for predictive biomarkers of 
response is still topical. The objective of this work is to analyze the anti-PD-1 monotherapy benefit based on 
genetic alterations diagnosed by next generation sequencing (NGS), in advanced non-small cell lung cancer.
Methods: Patients with advanced non-small cell lung cancer treated with immunotherapy were 
retrospectively included in this monocentric study. Clinical data, immunohistochemical expression of PD-L1 
and molecular data, with a 22-genes NGS panel, were collected.
Results: 107 patients were included. The median age was 65 years [59; 73], 70 were men (65%), 96 had 
adenocarcinoma (90%), 33 were receiving a first line (31%). 54 patients had KRAS mutation (50%) and 56 
had TP53 mutation (52%). The remaining mutations were present in fewer than 10 patients. There was no 
statistically significant differences in median of progression-free or overall survival based on KRAS-only, 
TP53-only or KRAS-TP53 mutations co-mutated compared to double wild-type patients (P = 0.46 and P = 
0.72 respectively).
Conclusions: The search for a predictive composite biomarker remains a major issue in the coming years.
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Introduction
Non-small cell lung cancer (NSCLC) is one of the most common cancers in the world and has the highest 
mortality rate. The last decade has seen the advent of checkpoint inhibitors and the development of 
molecular techniques enabling to complete and clarify histopathological classifications. The vast majority of 
patients can therefore benefit from extensive molecular testing at diagnosis [1], providing prognostic and 
predictive criteria for treatment. Immune checkpoint inhibitors (ICI) improved the survival of advanced 
NSCLC [2, 3]. However, only 20% of patients respond to these treatments and the search for predictive 
biomarkers of response is still topical. The mechanisms of response and resistance to anti-programmed 
death 1 (PD-1)/programmed death ligand 1 (PD-L1) drugs, and the biomarkers derived from them, can be 
grouped into two categories: host-centric (the study of intestinal microbiota, for example), or tumor-centric 
[4], which is currently the most advanced. Within the tumor itself, different types of biomarkers can be 
distinguish belonging to the tumor cell itself or belonging to the microenvironment, even if there is a close 
relationship between the two.

Alterations in intracellular signaling pathways have a direct impact on the tumor microenvironment, 
making the efficacy of immunotherapy uncertain. For example, Kirsten rat sarcoma viral oncogene homolog 
(KRAS) activation leads to the production of pro-inflammatory cytokines recruiting neutrophils and tumor-
associated macrophages, which have pro-tumor properties [5]. KRAS mutations have also been reported to 
induce increased PD-L1 expression in NSCLC [6–8].

The objective of this work was to estimate the effect of genetic alterations on progression free survival 
(PFS) and overall survival (OS) in advanced NSCLC treated by checkpoint inhibitors. Analyses were 
restricted to monotherapy regimens considering that immunotherapy combined to chemotherapy can 
preclude robust conclusions on anti-PD-1/PD-L1 escape.

Materials and methods
This monocentric, retrospective study included advanced NSCLC patients from European Georges 
Pompidou Hospital Paris, France, who started anti-PD-1 monotherapy between January 2015 and June 
2020.

Cohort selection, exclusion criteria, radiological definitions

Inclusion criteria were: age > 18 years, histologically confirmed diagnosis of NSCLC, locally advanced stage 
not accessible to local treatment or metastatic stage, treatment by anti-PD-1 monotherapy, at least one 
tumor evaluation, available results of tissue next generation sequencing (NGS) as described below.

Patients were excluded in case of other active neoplasm in the last 5 years, prior anti-PD-1/PD-L1 
treatment; concomitant immunosuppressive therapy, treatment discontinuation prior first evaluation.

Follow-up included contrast-enhanced chest-abdominal-pelvic computer tomography (CT-scans), and 
brain MRI when warranted. Response was evaluated according to response evaluation criteria in solid 
tumors (RECIST) Version 1.1. for all patients and collected from imaging reports.

Clinical, pathological, and radiological data

All patients treated with nivolumab or pembrolizumab for metastatic lung cancer from January 2015 to 
June 2020 in our center were extracted from CHIMIOPROD, a treatment prescription software. All clinical, 
pathological, molecular, and radiological data were extracted from electronic patient files.

Next generation sequencing

NGS was performed routinely on tissue biopsies or surgical specimens, after preparation of a multiplex 
polymerase chain reaction (PCR) library including selected regions of interest from the AmpliSeq™ Colon 
and Lung Cancer Panel.
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This selection covers over 500 hotspot mutations [KRAS, epidermal growth factor receptor (EGFR), B-
Raf kinase family (BRAF), PIK3CA, AKT1, erythroblastic leukemia viral oncogene 2 (ERBB2), phosphatase 
and tensin homolog (PTEN), neuroblastoma RAS viral oncogene homolog (NRAS), serine-threonine kinase 
11 (STK11), MAP2K1, anaplastic lymphoma kinase (ALK), discoidin domain receptor tyrosine kinase 2 
(DDR2), catenin (cadherin associated protéine) beta 1 (CTNNB1), tyrosine-protein kinase Met (MET), 
tumor protein p53 (TP53), SMAD family member 4 (SMAD4), F-box/WD repeat-containing protein 7 
(FBXW7), fibroblast growth factor receptor 3 (FGFR3), Notch homolog translocation associated 1 
(NOTCH1), ERBB4, FGFR1, and FGFR2] using Ampliseq technology (Ion ampliseq library kit V2, Ion library 
equalizer kit, Life Technologies). Clonal amplification was performed on the Ion Chef™ System (ION P1 HI-Q 
CHEF, ION PI CHIP KITV3), sequencing on Ion Proton system, data analysis by Torrent Suite 4.4.3, 
annotation-Safir2 report tool. Variant detection threshold is 2%, minimum depth of negative results is 
300X.

Patients were categorized as “mutated for TP53” in the presence of a non-synonymous mutation 
resulting in a non-functional protein as referenced in the IARC (International Agency for Research on 
Cancer) database.

PD-L1 expression was found in pathological reports. The PD-L1 score was assessed immunohistochem-
ically, prior anti-PD-1/PD-L1 treatment, using the tumor proportion score (TPS) with Dako clone 22C3.

Statistical analyses

The primary endpoint was OS, defined as time from ICI initiation to death whatever the cause. Alive 
patients were censored at the date of last follow-up. Secondary endpoints included PFS, defined by the time 
from ICI initiation to disease progression or death whatever the cause, objective response rate (ORR), and 
disease control rate (DCR). Patients who exhibited no progression were censored at the date of last follow-
up.

Objective response rates were compared using Chi2 Log-rank test was used to compare PFS curves. The 
relationship between PFS/OS survival and co-mutations was investigated using a Cox regression model 
stratified on line of treatment and adjusted for anticipated confounders (age, smoking status, categorized 
PD-L1 expression). Standard diagnostics (risk proportionality, etc.) were performed to assess Cox 
regression applicability. Hazard ratios (HRs) were estimated with their 95% confidence intervals (95% 
CIs). When the relationship between the variable of interest (co-mutations or number of mutations) and the 
co-factors of interest (age and smoking status) was significant with at least one test, an interaction term 
was introduced into the model to judge its statistical significance. Covariables effect sizes in multivariable 
model were statistically significant if their P-values were < 0.05. Statistical analyses were performed using 
R.4.1.3.

Ethics

The present study has been accepted and registered to the relevant institutional research (OncoHEGP: PRB-
HEGP-URC NIF) and ethical committee (European Georges Pompidou Hospital) and has been conducted in 
accordance with the Declaration of Helsinki. All patients provided informed consent under the European 
Georges Pompidou Hospital approved protocol allowing collection and analysis of data.

Results
Patients and tumors characteristics

The charts of 204 advanced NSCLC patients were reviewed; all patients had received a first course of PD-
1/PD-L monotherapy starting between January 2015 and June 2020.

Of the 204 patients identified, 45 were excluded on clinical grounds: synchronous cancer (n = 7), death 
before re-evaluation (n = 19), lost to follow-up before re-evaluation (n = 5), non-lung primary (n = 10), 
other (n = 4). 52 of the remaining 159 patients did not have NGS [squamous cell carcinoma n = 28, tumor 
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material not available n = 19, sampling outside hôpital européen Georges Pompidou (HEGP) n = 5]. 
Exclusions reasons are detailed in study diagram (Figure 1).

Figure 1. Study flowchart. NGS: next generation sequencing

A total of 107 patients could be analyzed (Table 1): 65% were men (n = 70), 91% of patients were 
smokers (n = 97). The mean smoking rate among smokers was estimated at 37 pack-years (+/–21.3). The 
median age at the start of immunotherapy treatment was 65 years [59; 73]. These characteristics are 
similar to those usually observed. 90% of patients had bronchial adenocarcinoma (n = 96), 7% had 
squamous cell carcinoma (n = 8), 3% had poorly differentiated or large cell cancer (n = 3).

Table 1. Baseline characteristics of patients with non-small-cell lung cancer treated with immune checkpoint inhibitors

Variable Whole cohort (n = 107)

Sex
        Male 70 (65%)
        Female 37 (35%)
Age
        Median 65
        IQR [59; 73]
Smoking status
        Non-smoker 9 (8%)
        Smoker 97 (91%)
        Unknown 1 (1%)
Histology
        Adenocarcinoma 96 (90%)
        Squamous 8 (7%)
        Undifferentiated 2 (1.9%)
        Large cell carcinoma 1 (0.9%)
Line of treatment
        1 33 (31%)
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Table 1. Baseline characteristics of patients with non-small-cell lung cancer treated with immune checkpoint inhibitors 
(continued)

Variable Whole cohort (n = 107)

        2 57 (53%)
        ≥ 3 17 (16%)
PD-L1 TPS
        0% 14 (13%)
        1–49% 23 (21%)
        > 50% 44 (41%)
        Missing 26 (24%)
PD-L1: programmed death ligand 1; ICR: confidence interval range; TPS: tumor proportion score

With regard to molecular data (Table 2), the estimated number of tumor cells per sample was 
acceptable, with 79% of patients having more than 20% tumor cells. This data was missing for 14% of 
patients. 11% of patients had no mutation found by NGS (n = 12), 37% of patients had one mutation, 40% 
two mutations, and 12% three or more mutations.

Table 2. Molecular data on whole cohort

Variable Whole cohort (n = 107)

Tumor cells
        < 20% 7 (7%)
        20–50% 45 (42%)
        > 50% 40 (37%)
        Missing 15 (14%)
Number of mutations
        0 12 (11%)
        1 39 (37%)
        2 43 (40%)
        ≥ 3 13 (12%)

Patients received anti-PD-1/PD-L1 in the first (31% of patients, n = 33), second (52%, n = 59), or ≥ 
third line (18%, n = 20), 83 patients had PD-L1 immunohistochemical evaluation. The median expression 
was 60% [2; 80]. 13% of patients were PD-L1 negative, 21% of patients had expression between 0 and 50% 
and 41% of patients had expression > 50%. Excluding patients treated in the first-line setting, median PD-
L1 expression was 15% [2; 70].

The Venn diagram below (Figure 2) provides a quick overview of the distribution of mutations and co-
mutations in the entire cohort. KRAS and TP53 mutations are the most common, present in 50% and 52% 
of patients respectively, and are associated in 23 patients. The majority of other mutations are rare, found 
in fewer than ten patients. KRAS mutations were G12C in 30% of cases, G12V in 26%, G12D in 11%, G12A 
in 7% and others (G12F, G13A, G13C) in 7%.

Molecular abnormalities in EGFR included 2 targetable mutations (L858R mutation, an exon 19 
deletion), two amplifications and one duplication. BRAF mutations included 1 V600E mutation, and 4 non-
targetable mutations. Molecular abnormalities in ALK were non-targetable point mutations. MET 
abnormalities included 3 amplifications and an exon 14 splice variant.

Four patients with squamous cell carcinoma had molecular abnormalities atypical for this histological 
type, suggesting a secondary adenocarcinomatous contingent: a KRAS G12C mutation, a KRAS amplification, 
a STK11 mutation and an ALK mutation.

Table 3 details the clinical characteristics of patients according to the two most common mutation 
types, KRAS and TP53. Four categories of patients were defined: double wild-type (n = 20), KRAS mutated 
(m) and TP53 wild-type (wt) (n = 31), KRAS wild-type (wt) and TP53 mutated (m) (n = 33), or double 
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Figure 2. Venn diagram of somatic mutations. ALK: anaplastic lymphoma kinase; CTNNB1: catenin (cadherin associated 
protéine) beta 1; STK11: serine-threonine kinase 11; ERBB: erythroblastic leukemia viral oncogene; MET: tyrosine-protein 
kinase Met; PI3KCA: phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha; EGFR: epidermal growth factor 
receptor; BRAF: B-Raf kinase family; NOTCH: Notch homolog translocation associated; NRAS: neuroblastoma RAS viral 
oncogene homolog; PTEN: phosphatase and tensin homolog; DDR2: discoidin domain receptor tyrosine kinase 2

mutated (n = 23). The double wild-type patients were older than the other categories, and included more 
women and non-smokers. These clinical characteristics were all expected.

Table 3. Clinical characteristics according to KRAS and TP53 status

Variable KRAS-wt; TP53-wt
(n = 20)

KRAS-m; TP53-wt
(n = 31)

KRAS-wt; TP53-m
(n = 33)

KRAS-m; TP53-m
(n = 23)

Age
    Median (IQR) 71 (± 12) 68 (± 11) 63 (± 16) 61 (± 14)
Sex
    Female 9 (45%) 8 (26%) 11 (33%) 9 (39%)
    Male 11 (55%) 23 (74%) 22 (67%) 14 (61%)
Smoking status
    Non-smoker 4 (20%) 2 (6%) 2 (6%) 1 (4%)
    Smoker 15 (75%) 29 (94%) 31 (94%) 22 (96%)
    Missing 1 (5.0%) 0 (0%) 0 (0%) 0 (0%)
Histology
    Squamous 2 (10%) 0 (0%) 5 (15%) 1 (4%)
    Non squamous 18 (90%) 31 (100%) 28 (85%) 22 (96%)
Line of treatment
    1 6 (30%) 14 (45%) 7 (21%) 6 (26%)
    > 1 14 (70%) 17 (55%) 26 (79%) 17 (74%)
PD-L1 TPS %
    0 3 (15%) 5 (16%) 4 (12%) 2 (9%)
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Table 3. Clinical characteristics according to KRAS and TP53 status (continued)

Variable KRAS-wt; TP53-wt
(n = 20)

KRAS-m; TP53-wt
(n = 31)

KRAS-wt; TP53-m
(n = 33)

KRAS-m; TP53-m
(n = 23)

    1–49 6 (30%) 6 (19%) 6 (18%) 5 (22%)
    > 50 7 (35%) 15 (48%) 12 (36%) 10 (43%)
    Missing 4 (20.0%) 5 (16.1%) 11 (33.3%) 6 (26.1%)
Number of mutation (s)
    Median (IQR) 0 (± 1.0) 1.0 (± 0.50) 2.0 (± 1.0) 2.0 (± 0)
KRAS mutation
    Other than G12C 22 (71%) 14 (61%)
    G12C 9 (29%) 9 (39%)
KRAS: Kirsten rat sarcoma viral oncogene homolog; KRAS-wt: KRAS wild type; KRAS-m: KRAS mutated; TP53: tumor protein 
p53; TP53-wt: TP53 wild type; TP53-m: TP53 mutated; PD-L1: programmed death ligand 1; TPS: tumor proportion score; ICR: 
confidence interval range

Analysis of PFS

Median follow-up was 40.6 months (33.8; 56.7). Median PFS for patients treated in 1st line was 
8.55 months [95% CI 2.73; 17.24] and median OS 23.9 months [95% CI 14.1; NA]. Median PFS for patients 
treated in 2nd line or more was 3.2 months [95% CI 2.2; 6.2].

Median PFS for KRAS-mutated patients was 3.5 months [95% CI 2.2; 12.0] vs. 3.8 months [95% CI 2.4; 
8.8] for wild-type patients (Table 4). Median PFS for TP53-mutated patients was 3.8 months [95% CI 2.2; 
12] vs. 3.7 months [95% CI 2.3; 8.8] for wild-type patients.

Table 4. Median PFS according to KRAS and TP53

KRAS and TP53 molecular profile N Events PFS median 0.95LCL 0.95UCL

KRAS-wt; TP53-wt 20 20 3.3 1.8 10.9
KRAS-m; TP53-wt 31 27 3.7 2.3 14.0
KRAS-wt; TP53-m 33 25 4.1 2.2 14.1
KRAS-m; TP53-m 23 21 3.0 1.9 17.2
KRAS: Kirsten rat sarcoma viral oncogene homolog; TP53: tumor protein p53; N: number of patients; KRAS-wt: KRAS wild type; 
KRAS-m: KRAS mutated; TP53-wt: TP53 wild type; TP53-m: TP53 mutated; PFS: progression free survival; LCL: lower control 
limit; UCL: upper control limit

In univariate analyses, there was no significant impact of KRAS mutations on PFS (P = 0.67). Similarly, 
there was no significant effect of TP53 mutations on PFS (P = 0.44).

In order to analyze the participation of each subgroup and to eliminate the impact of confounding 
factors (gender, smoking status, PD-L1 expression), a multivariate analyses was then performed 
multivariate to analyze the effect of co-mutations, stratified by line of treatment (Figure 3).

There was no effect of gender or treatment line on PFS. In association with co-mutations, smoking had 
a protective effect on PFS, and PD-L1 expression had a protective effect on PFS for those over 50%.

Analysis of OS

Median OS for patients treated in 1st line was 23.9 months [95% CI 14.1; NA], and for patients treated in 
2nd line or more was 21.4 months [95% CI 11.1; 33.8].

Median OS for KRAS-mutated patients was 19.4 months [95% CI 12.6; 47.0] vs. 22.4 months [95% CI 
10.8; 42.2] for wild-type patients (Table 5). In univariate analyses, there was no significant impact of KRAS 
mutations on OS (P = 0.67). Median OS for TP53-mutated patients was 21.4 months [95% CI 12; 42.5] vs. 
23.9 months [95% CI 10.8; 42.2] for wild-type patients. Similarly, there was no significant effect of TP53 
mutations on OS (P = 0.76).
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Figure 3. Multivariate analyses of the effect of co-mutations on PFS. Stratified by line of treatment (last column: P-value for 
statistical significance). KRAS: Kirsten rat sarcoma viral oncogene homolog; KRAS-wt: KRAS wild type; KRAS-m: KRAS 
mutated; TP53: tumor protein p53; TP53-wt: TP53 wild type; TP53-m: TP53 mutated; PFS: progression free survival

Table 5. Median OS according to KRAS and TP53 molecular profile

KRAS and TP53 molecular profile N Events Median OS (95% CI) 0.95LCL 0.95UCL

KRAS-wt; TP53-wt 20 15 16.8 (9.3–NR) 9.3 NR
KRAS-m; TP53-wt 31 18 30.4 (8.8–NR) 8.8 NR
KRAS-wt; TP53-m 33 20 23.0 (11.1–NR) 11.1 NR
KRAS-m; TP53-m 23 33 19.0 (11.1–NR) 11.1 NR
TP53: tumor protein p53; KRAS: Kirsten rat sarcoma viral oncogene homolog; N: number of patients; KRAS-wt: KRAS wild type; 
KRAS-m: KRAS mutated; TP53-wt: TP53 wild type; TP53-m: TP53 mutated; OS: overall survival; NR: not reached. LCL: lower 
control limit; UCL: upper control limit

PD-L1 expression had a linear effect on OS for those over 1% (Figure 4).

Figure 4. Multivariate analyses of the effect of co-mutations on OS, stratified by line of treatment. KRAS: Kirsten rat sarcoma 
viral oncogene homolog; KRAS-wt: KRAS wild type; KRAS-m: KRAS mutated; TP53: tumor protein p53; TP53-wt: TP53 wild 
type; TP53-m: TP53 mutated; OS: overall survival
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Overview of the impact of co-mutations on benefit to anti-PD-1/PD-L1

The Figure 5 represents Kaplan-Meier curves below represent PFS (Figure 5A), OS (Figure 5B) and ORR 
(Figure 5C) according to the four categories of patients, depending on KRAS and TP53 mutations. There is 
no statistically significant difference. However, there is a trend for double wild-type patients to have poorer 
OS.

Figure 5. Benefit according to KRAS and TP53. A. Progression free survival; B. overall survival; C. objective response rate 
(ORR). TP53: tumor protein p53; KRAS: Kirsten rat sarcoma viral oncogene homolog; KRAS-wt: KRAS wild type; KRAS-m: 
KRAS mutated; TP53-wt: TP53 wild type; TP53-m: TP53 mutated; PD: progressive disease; SD: stable disease; PR: partial 
response

No statistically significant results were found, given the small size of the cohort, but there was a non-
zero effect of the isolated TP53 mutation on PFS (HR 0.52 [95% CI 0.25; 1.1] P = 0.082) and OS (HR 0.50 
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[95% CI 0.21; 1.2] P = 0.117). Similarly, there was a non-zero effect of isolated KRAS mutation, especially on 
OS (HR 0.47 [95% CI 0.20; 1.1] P = 0.078). On the other hand, there was no benefit in the case of KRAS and 
TP53 double mutation.

Discussion
This cohort had the usual clinical and molecular features of NSCLC. This is a “real life” study with no 
statistically significant differences in PFS or OS based on KRAS-only, TP53-only or KRAS-TP53 co-mutated 
compared to double wild-type patients (P = 0.46 and P = 0.72 respectively). Multivariate analyses showed 
trends in favor of isolated KRAS and TP53 mutations, with benefit magnitudes in line with the literature.

Two meta-analyses of over 500 patients, incorporating data from three registration trials (Checkmate 
057, POPLAR and OAK), found an OS benefit to the use of ICI in KRAS mutated patients vs. chemotherapy in 
non-mutated patients, with a HR of 0.64 (95% CI: 0.43–0.96), P = 0.03 [9, 10]. PFS was not analyzed. A 
meta-analysis of 6 registration trials of immunotherapies in first-line (as monotherapy or in combination 
with chemotherapy) and second-line monotherapy, found significantly longer OS in KRAS-mutated patients 
compared with wild-type (P = 0.001) [11]. In a retrospective cohort of 1,127 first-line patients with PD-L1 
expression above 50%, KRAS mutations were significantly associated with better OS on pembrolizumab 
(21.1 vs. 13.6 months; P = 0.03) [12]. Finally, a meta-analysis of prospective single-agent immunotherapy 
trials found an ORR of 21.9% (95% CI: 14.0–30.9) in KRAS mutated patients (n = 198) vs. 17.4% (95% CI: 
11.3–24.5) in wild-type patients (n = 452) [13].

In the IMMUNOTARGET study, progression-free survival was unaffected by subtype of alteration (G12C 
vs. others), even though some are known to be more related to smoking [14]. Data on the response rates by 
mutation type weren’t available. However, in first-line treatment, patients with a KRAS G12C mutation 
benefit, compared with other KRAS mutations or wild-type status, in terms of objective response rate 
(63.3% vs. 42.7% P = 0.06), PFS (19.8 months vs. 6.2 months, P < 0.001) and OS (NA vs. 23.4 months P = 
0.08) [15].

In a French cohort of 72 patients, median OS in mutated TP53 patients was 18.1 months (95% CI: 
6.6–not reached) vs. 8.1 months (95% CI 2.2–14.5, HR = 0.48; 95% CI 0.25–0.95, P = 0.04) in the wild-type 
TP53 group [16]. There was no metanalyse evaluating the benefit of checkpoint inhibitors according to 
TP53 mutation status. However, mutations in this gene are usually associated with resistance to 
conventional anti-cancer therapies [17]. Analysis of the impact of TP53 mutations on the tumor 
microenvironment reveals that isolated TP53 mutations identify a tumor subgroup with the highest CD8 
lymphocyte infiltration and PD-L1 expression [18]. TP53 mutations significantly increase activated effector 
T cell infiltration and interferon γ signature [8, 19].

TP53 effect on treatment response may be mediated by its role as a “genome gatekeeper”, with TP53 
mutations having been associated with a higher mutational load in NSCLC [20]. NGS analysis is not binary: 
each type of molecular variant must also be integrated [21]. With regard to TP53, not all mutations are 
equal in predicting efficacy in patients treated with ICI. First of all, R175H, R248W, R248Q, R249S, R273H, 
R273L, and R282W can be considered as gain of function (GOF) and all other TP53-m as non-GOF [22]. 
Moreover, in a multicenter data analysis, missense and nonsense mutations were associated with higher 
mutational loads and neoantigen levels, and also contributed to a deficit in DNA damage repair. However, 
only TP53 missense mutations showed increased PD-L1 expression. This unique subgroup is associated 
with clinical benefit from ICI [23]. This heterogeneity of TP53 mutations calls for special attention when 
assessing TP53 status as a biomarker, which is found in several tumor types [24].

Co-mutation analysis also has an impact. Several studies found that patients with a KRAS and TP53 co-
mutation had a greater clinical benefit on immunotherapy [19, 25, 26]. In patients treated in the first line 
with pembrolizumab monotherapy, the presence of a KRAS G12C mutation associated with a TP53 co-
mutation is associated with a major clinical benefit (ORR 100.0%, PFS 33.3 months, OS NA) [15], mediated 
by highly active interferon gamma signaling in a proinflammatory tumor microenvironment [26]. 
TP53/KRAS-mutated tumors show increased PD-L1 expression, as well as increased mutational load. In 
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another publication, mutations in TP53, STK11 and EGFR are major determinants of the intra-tumoral 
immune profile and PD-L1 expression by tumor cells [18].

Longer survival is observed in patients with TP53 mutation without STK11 or EGFR mutation (HR = 
0.32; 95% CI, 0.16–0.63, P = 0.001) compared to patients with STK11 or EGFR mutation [18, 27]. Same for 
STK11 mutations associated with KRAS are associated with very poor prognosis [28]. In our cohort, the 
proportion of patients with this type of mutations is too low to be analyzed.

The low incidence of some genetic alterations precludes robust data on their predictive impact. Some 
studies have thus pooled rare mutations to study their prognostic value [29] but there are few robust 
studies concerning their predictive value.

Moreover, the molecular presentation of a cancer is heterogeneous and dynamic, as is its tumor 
microenvironment [30]. Somatic molecular alterations, as well as the tumor environment, are not a static 
criterion, but can evolve over time, spontaneously, or under therapeutic pressure with cytotoxic 
chemotherapies for example, and notably alkylating agents such as platinum salts widely used in NSCLC, or 
targeted therapeutics. Various mechanisms are involved, such as induction of class I and II molecules, 
reduction of the regulatory T-cell infiltrate, enhancement of CD8 LT cytotoxicity and increased secretion of 
IFN γ [31]. After anti EGFR treatment, one study found that the proportion of patients with PD-L1 
expression level > 50% increased from 14% to 28% after EGFR-TKI (P = 0.001) [32]. These results had an 
impact on the PFS under subsequent immunotherapy (7.1 months vs. 1.7 months, P = 0.0033), and two of 
the five patients with increased PD-L1 expression had a PFS > 6 months. Similarly, mutational load tended 
to be higher after treatment [33], so studies combining immunotherapy with anti-EGFR therapies look 
promising [28, 34].

Finally, repeated tissue sampling is invasive, costly and sometimes non-contributory. For this reason, 
NGS analysis of circulating tumor DNA is increasingly being developed. The value of repeat NGS at different 
times in the course of tumor disease can thus be discussed.

This work has some limitations. Firstly, this is a retrospective study, with the selection bias inherent in 
this type of study, and the results must therefore be interpreted with caution. The limited size of the sample 
is partly due to the retrospective nature of the study with missing data and lost of follow up, and also due to 
the lack of biological samples available for NGS. The age of certain samples and the lack of available 
equipment have limited this work. As most of the mutations were rare, analyses were made on a small 
number of patients. This results in a lack of power, especially in subgroup analysis. The time between the 
sample on which PD-L1 and NGS were performed and the start date of immunotherapy is heterogeneous, 
some having had it just before the start of treatment, others having much older samples with intercurrent 
treatments, which may result in genomic and environmental tumor changes (> 6 months: 46 patients; > 12 
months: 27 patients). However, this is a real-life study, and the multiplication of samples and techniques is 
not systematically feasible. In addition, the distribution of patients was heterogeneous, with some patients 
treated in the first line and therefore all having PD-L1 > 50%, and others in the second line and beyond. 
Adjustment for PD-L1 status eliminates this confounding bias.

This study founds PFS data similar to those in the literature, with a median PFS of 3.5 months, but OS 
was much greater than in the literature. Exploring data, this atypical survival mainly concerns patients 
treated in the third line and beyond, with a median OS of 26 months. The number of patients in this 
subgroup is small, and includes a few with particularly prolonged survival. Indeed, the limitations of this 
study design and sample size necessitate cautious interpretation and these results must be validated in 
larger cohorts.

This study only included patients treated with immunotherapy in monotherapy, and conclusions 
cannot be extended to patients treated with combination with chemotherapy [35].

In conclusion, this study contributes to the evolving landscape of biomarker research in NSCLC 
immunotherapy. While the findings regarding KRAS and TP53 mutations are intriguing, the limitations of 
the study design and sample size necessitate cautious interpretation. Future prospective studies with larger 
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cohorts and more comprehensive molecular profiling are warranted to validate these results and 
potentially uncover more robust predictive biomarkers for anti-PD-1 therapy response in NSCLC patients.

Abbreviations
95% CIs: 95% confidence intervals

ALK: anaplastic lymphoma kinase

BRAF: B-Raf kinase family

CTNNB1: catenin (cadherin associated protéine) beta 1

DDR2: discoidin domain receptor tyrosine kinase 2

EGFR: epidermal growth factor receptor

ERBB: erythroblastic leukemia viral oncogene

FBXW7: F-box/WD repeat-containing protein 7

FGFR3: fibroblast growth factor receptor 3

GOF: gain of function

HEGP: hôpital européen Georges Pompidou

HRs: hazard ratios

ICI: immune checkpoint inhibitors

KRAS: Kirsten rat sarcoma viral oncogene homolog

m: mutated

MET: tyrosine-protein kinase Met

NGS: next generation sequencing

NOTCH1: Notch homolog translocation associated 1

NRAS: neuroblastoma RAS viral oncogene homolog

NSCLC: non-small cell lung cancer

ORR: objective response rate

OS: overall survival

PCR: polymerase chain reaction

PD-(L)1: programmed death (ligand) 1

PD: progressive disease

PFS: progression free survival

PIK3CA: phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha

PR: partial response

PTEN: phosphatase and tensin homolog

RECIST: response evaluation criteria in solid tumors

SD: stable disease

SMAD4: SMAD family member 4

STK11: serine-threonine kinase 11

TDM: tomodensitometrie

TP53: tumor protein p53



Explor Target Antitumor Ther. 2024;5:1435–49 | https://doi.org/10.37349/etat.2024.00283 Page 1447

TPS: tumor proportion score

wt: wild-type

Declarations
Author contributions

HDSB: Conceptualization, Investigation, Writing—original draft, Writing—review & editing. RE: Data 
curation, Writing—original draft, Writing—review & editing. ZM: Validation, Writing—review & editing. 
HB: Validation, Writing—review & editing, Supervision. RBD: Validation, Writing—review & editing. LG: 
Validation, Writing—review & editing. EF: Conceptualization, Investigation, Writing—original draft, 
Writing—review & editing, Supervision. All authors read and approved the submitted version.

Conflicts of interest

The authors declare that they have no conflicts of interest.

Ethical approval

The present study has been accepted and registered to the relevant institutional research (OncoHEGP: PRB-
HEGP-URC NIF) and ethical committee (European Georges Pompidou Hospital) and has been conducted in 
accordance with the Declaration of Helsinki. All patients provided informed consent under the European 
Georges Pompidou Hospital approved protocol allowing collection and analysis of data.

Consent to participate

Informed consent to participate in the study was obtained from all participants.

Consent to publication

Informed consent to publication was obtained from relevant participants.

Availability of data and materials

The raw data supporting the conclusions of this manuscript will be made available by the authors, without 
undue reservation, to any qualified researcher.

Funding

Not applicable.

Copyright

© The Author(s) 2024.

References
Bayle A, Bonastre J, Chaltiel D, Latino N, Rouleau E, Peters S, et al. ESMO study on the availability and 
accessibility of biomolecular technologies in oncology in Europe. Ann Oncol. 2023;34:934–45. [DOI] 
[PubMed]

1.     

Borghaei H, Paz-Ares L, Horn L, Spigel DR, Steins M, Ready NE, et al. Nivolumab versus Docetaxel in 
Advanced Nonsquamous Non-Small-Cell Lung Cancer. N Engl J Med. 2015;373:1627–39. [DOI] 
[PubMed] [PMC]

2.     

Brahmer J, Reckamp KL, Baas P, Crinò L, Eberhardt WE, Poddubskaya E, et al. Nivolumab versus 
Docetaxel in Advanced Squamous-Cell Non-Small-Cell Lung Cancer. N Engl J Med. 2015;373:123–35. 
[DOI] [PubMed] [PMC]

3.     

Pourmir I, Gazeau B, de Saint Basile H, Fabre E. Biomarkers of resistance to immune checkpoint 
inhibitors in non-small-cell lung cancer: myth or reality? Cancer Drug Resist. 2020;3:276–86. [DOI] 
[PubMed] [PMC]

4.     

https://dx.doi.org/10.1016/j.annonc.2023.06.011
http://www.ncbi.nlm.nih.gov/pubmed/37406812
https://dx.doi.org/10.1056/NEJMoa1507643
http://www.ncbi.nlm.nih.gov/pubmed/26412456
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5705936
https://dx.doi.org/10.1056/NEJMoa1504627
http://www.ncbi.nlm.nih.gov/pubmed/26028407
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4681400
https://dx.doi.org/10.20517/cdr.2020.14
http://www.ncbi.nlm.nih.gov/pubmed/35582440
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8992482


Explor Target Antitumor Ther. 2024;5:1435–49 | https://doi.org/10.37349/etat.2024.00283 Page 1448

Motz GT, Coukos G. Deciphering and reversing tumor immune suppression. Immunity. 2013;39:
61–73. [DOI] [PubMed] [PMC]

5.     

Chen N, Fang W, Lin Z, Peng P, Wang J, Zhan J, et al. KRAS mutation-induced upregulation of PD-L1 
mediates immune escape in human lung adenocarcinoma. Cancer Immunol Immunother. 2017;66:
1175–87. [DOI] [PubMed] [PMC]

6.     

Li D, Zhu X, Wang H, Li N. Association between PD-L1 expression and driven gene status in NSCLC: A 
meta-analysis. Eur J Surg Oncol. 2017;43:1372–9. [DOI] [PubMed]

7.     

Shirasawa M, Yoshida T, Shimoda Y, Takayanagi D, Shiraishi K, Kubo T, et al. Differential Immune-
Related Microenvironment Determines Programmed Cell Death Protein-1/Programmed Death-Ligand 
1 Blockade Efficacy in Patients With Advanced NSCLC. J Thorac Oncol. 2021;16:2078–90. [DOI] 
[PubMed]

8.     

Kim JH, Kim HS, Kim BJ. Prognostic value of KRAS mutation in advanced non-small-cell lung cancer 
treated with immune checkpoint inhibitors: A meta-analysis and review. Oncotarget. 2017;8:
48248–52. [DOI] [PubMed] [PMC]

9.     

Lee CK, Man J, Lord S, Cooper W, Links M, Gebski V, et al. Clinical and Molecular Characteristics 
Associated With Survival Among Patients Treated With Checkpoint Inhibitors for Advanced Non-
Small Cell Lung Carcinoma: A Systematic Review and Meta-analysis. JAMA Oncol. 2018;4:210–6. [DOI] 
[PubMed] [PMC]

10.     

Landre T, Justeau G, Assié JB, Chouahnia K, Davoine C, Taleb C, et al. Anti-PD-(L)1 for KRAS-mutant 
advanced non-small-cell lung cancers: a meta-analysis of randomized-controlled trials. Cancer 
Immunol Immunother. 2022;71:719–26. [DOI] [PubMed] [PMC]

11.     

Sun L, Hsu M, Cohen RB, Langer CJ, Mamtani R, Aggarwal C. Association Between KRAS Variant Status 
and Outcomes With First-line Immune Checkpoint Inhibitor-Based Therapy in Patients With 
Advanced Non-Small-Cell Lung Cancer. JAMA Oncol. 2021;7:937–9. [DOI] [PubMed] [PMC]

12.     

Guaitoli G, Tiseo M, Di Maio M, Friboulet L, Facchinetti F. Immune checkpoint inhibitors in oncogene-
addicted non-small cell lung cancer: a systematic review and meta-analysis. Transl Lung Cancer Res. 
2021;10:2890–916. [DOI] [PubMed] [PMC]

13.     

Mazieres J, Drilon A, Lusque A, Mhanna L, Cortot AB, Mezquita L, et al. Immune checkpoint inhibitors 
for patients with advanced lung cancer and oncogenic driver alterations: results from the 
IMMUNOTARGET registry. Ann Oncol. 2019;30:1321–8. [DOI] [PubMed] [PMC]

14.     

Frost N, Kollmeier J, Vollbrecht C, Grah C, Matthes B, Pultermann D, et al. KRASG12C/TP53 co-mutations 
identify long-term responders to first line palliative treatment with pembrolizumab monotherapy in 
PD-L1 high (≥50%) lung adenocarcinoma. Transl Lung Cancer Res. 2021;10:737–52. [DOI] [PubMed] 
[PMC]

15.     

Assoun S, Theou-Anton N, Nguenang M, Cazes A, Danel C, Abbar B, et al. Association of TP53 
mutations with response and longer survival under immune checkpoint inhibitors in advanced non-
small-cell lung cancer. Lung Cancer. 2019;132:65–71. [DOI] [PubMed]

16.     

Bergamaschi D, Gasco M, Hiller L, Sullivan A, Syed N, Trigiante G, et al. p53 polymorphism influences 
response in cancer chemotherapy via modulation of p73-dependent apoptosis. Cancer Cell. 2003;3:
387–402. [DOI] [PubMed]

17.     

Biton J, Mansuet-Lupo A, Pécuchet N, Alifano M, Ouakrim H, Arrondeau J, et al. TP53, STK11, and EGFR 
Mutations Predict Tumor Immune Profile and the Response to Anti-PD-1 in Lung Adenocarcinoma. 
Clin Cancer Res. 2018;24:5710–23. [DOI] [PubMed]

18.     

Dong ZY, Zhong WZ, Zhang XC, Su J, Xie Z, Liu SY, et al. Potential Predictive Value of TP53 and KRAS 
Mutation Status for Response to PD-1 Blockade Immunotherapy in Lung Adenocarcinoma. Clin Cancer 
Res. 2017;23:3012–24. [DOI] [PubMed]

19.     

Hellmann MD, Nathanson T, Rizvi H, Creelan BC, Sanchez-Vega F, Ahuja A, et al. Genomic Features of 
Response to Combination Immunotherapy in Patients with Advanced Non-Small-Cell Lung Cancer. 
Cancer Cell. 2018;33:843–52.e4. [DOI] [PubMed] [PMC]

20.     

https://dx.doi.org/10.1016/j.immuni.2013.07.005
http://www.ncbi.nlm.nih.gov/pubmed/23890064
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3782392
https://dx.doi.org/10.1007/s00262-017-2005-z
http://www.ncbi.nlm.nih.gov/pubmed/28451792
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5579171
https://dx.doi.org/10.1016/j.ejso.2017.02.008
http://www.ncbi.nlm.nih.gov/pubmed/28259530
https://dx.doi.org/10.1016/j.jtho.2021.07.027
http://www.ncbi.nlm.nih.gov/pubmed/34419685
https://dx.doi.org/10.18632/oncotarget.17594
http://www.ncbi.nlm.nih.gov/pubmed/28525386
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5564642
https://dx.doi.org/10.1001/jamaoncol.2017.4427
http://www.ncbi.nlm.nih.gov/pubmed/29270615
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5838598
https://dx.doi.org/10.1007/s00262-021-03031-1
http://www.ncbi.nlm.nih.gov/pubmed/34378081
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10992001
https://dx.doi.org/10.1001/jamaoncol.2021.0546
http://www.ncbi.nlm.nih.gov/pubmed/33856403
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8050787
https://dx.doi.org/10.21037/tlcr-20-941
http://www.ncbi.nlm.nih.gov/pubmed/34295687
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8264334
https://dx.doi.org/10.1093/annonc/mdz167
http://www.ncbi.nlm.nih.gov/pubmed/31125062
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7389252
https://dx.doi.org/10.21037/tlcr-20-958
http://www.ncbi.nlm.nih.gov/pubmed/33718018
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7947421
https://dx.doi.org/10.1016/j.lungcan.2019.04.005
http://www.ncbi.nlm.nih.gov/pubmed/31097096
https://dx.doi.org/10.1016/s1535-6108(03)00079-5
http://www.ncbi.nlm.nih.gov/pubmed/12726864
https://dx.doi.org/10.1158/1078-0432.CCR-18-0163
http://www.ncbi.nlm.nih.gov/pubmed/29764856
https://dx.doi.org/10.1158/1078-0432.CCR-16-2554
http://www.ncbi.nlm.nih.gov/pubmed/28039262
https://dx.doi.org/10.1016/j.ccell.2018.03.018
http://www.ncbi.nlm.nih.gov/pubmed/29657128
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5953836


Explor Target Antitumor Ther. 2024;5:1435–49 | https://doi.org/10.37349/etat.2024.00283 Page 1449

Yang Y, Shen S, Sun Y, Husain H, Zhou H, Lu S, et al. The relationship between different subtypes of 
KRAS and PD-L1 & tumor mutation burden (TMB) based on next-generation sequencing (NGS) 
detection in Chinese lung cancer patients. Transl Lung Cancer Res. 2022;11:213–23. [DOI] [PubMed] 
[PMC]

21.     

Pan M, Jiang C, Tse P, Achacoso N, Alexeeff S, Solorzano AV, et al. TP53 Gain-of-Function and Non-Gain-
of-Function Mutations Are Differentially Associated With Sidedness-Dependent Prognosis in 
Metastatic Colorectal Cancer. J Clin Oncol. 2022;40:171–9. [DOI] [PubMed] [PMC]

22.     

Sun H, Liu SY, Zhou JY, Xu JT, Zhang HK, Yan HH, et al. Specific TP53 subtype as biomarker for immune 
checkpoint inhibitors in lung adenocarcinoma. EBioMedicine. 2020;60:102990. [DOI] [PubMed] 
[PMC]

23.     

Kim JY, Jung J, Kim KM, Lee J, Im YH. TP53 mutations predict poor response to immunotherapy in 
patients with metastatic solid tumors. Cancer Med. 2023;12:12438–51. [DOI] [PubMed] [PMC]

24.     

Budczies J, Romanovsky E, Kirchner M, Neumann O, Blasi M, Schnorbach J, et al. KRAS and TP53 co-
mutation predicts benefit of immune checkpoint blockade in lung adenocarcinoma. Br J Cancer. 2024;
131:524–33. [DOI] [PubMed] [PMC]

25.     

Bischoff P, Reck M, Overbeck T, Christopoulos P, Rittmeyer A, Lüders H, et al.; National Network 
Genomic Medicine Lung Cancer (nNGM) Collaborator Group. Outcome of First-Line Treatment With 
Pembrolizumab According to KRAS/TP53 Mutational Status for Nonsquamous Programmed Death-
Ligand 1-High (≥50%) NSCLC in the German National Network Genomic Medicine Lung Cancer. J 
Thorac Oncol. 2024;19:803–17. [DOI] [PubMed]

26.     

Rizvi NA, Hellmann MD, Snyder A, Kvistborg P, Makarov V, Havel JJ, et al. Cancer immunology. 
Mutational landscape determines sensitivity to PD-1 blockade in non-small cell lung cancer. Science. 
2015;348:124–8. [DOI] [PubMed] [PMC]

27.     

Yang JC, Shepherd FA, Kim DW, Lee GW, Lee JS, Chang GC, et al. Osimertinib Plus Durvalumab versus 
Osimertinib Monotherapy in EGFR T790M-Positive NSCLC following Previous EGFR TKI Therapy: 
CAURAL Brief Report. J Thorac Oncol. 2019;14:933–9. [DOI] [PubMed]

28.     

Aramini B, Banchelli F, Bettelli S, Manfredini S, D’Amico R, Masciale V, et al. Overall survival in patients 
with lung adenocarcinoma harboring “niche” mutations: an observational study. Oncotarget. 2020;11:
550–9. [DOI] [PubMed] [PMC]

29.     

Gerlinger M, Rowan AJ, Horswell S, Math M, Larkin J, Endesfelder D, et al. Intratumor heterogeneity 
and branched evolution revealed by multiregion sequencing. N Engl J Med. 2012;366:883–92. [DOI] 
[PubMed] [PMC]

30.     

Lin A, Wei T, Meng H, Luo P, Zhang J. Role of the dynamic tumor microenvironment in controversies 
regarding immune checkpoint inhibitors for the treatment of non-small cell lung cancer (NSCLC) with 
EGFR mutations. Mol Cancer. 2019;18:139. [DOI] [PubMed] [PMC]

31.     

Isomoto K, Haratani K, Hayashi H, Shimizu S, Tomida S, Niwa T, et al. Impact of EGFR-TKI Treatment 
on the Tumor Immune Microenvironment in EGFR Mutation-Positive Non-Small Cell Lung Cancer. Clin 
Cancer Res. 2020;26:2037–46. [DOI] [PubMed]

32.     

Offin M, Rizvi H, Tenet M, Ni A, Sanchez-Vega F, Li BT, et al. Tumor Mutation Burden and Efficacy of 
EGFR-Tyrosine Kinase Inhibitors in Patients with EGFR-Mutant Lung Cancers. Clin Cancer Res. 2019;
25:1063–9. [DOI] [PubMed] [PMC]

33.     

Yang JC, Gadgeel SM, Sequist LV, Wu CL, Papadimitrakopoulou VA, Su WC, et al. Pembrolizumab in 
Combination With Erlotinib or Gefitinib as First-Line Therapy for Advanced NSCLC With Sensitizing 
EGFR Mutation. J Thorac Oncol. 2019;14:553–9. [DOI] [PubMed]

34.     

Nakajima EC, Ren Y, Vallejo JJ, Akinboro O, Mishra-Kalyani PS, Larkins EA, et al. Outcomes of first-line 
immune checkpoint inhibitors with or without chemotherapy according to KRAS mutational status 
and PD-L1 expression in patients with advanced NSCLC: FDA pooled analysis. J Cli Oncol. 2022;40:
9001. [DOI]

35.     

https://dx.doi.org/10.21037/tlcr-22-88
http://www.ncbi.nlm.nih.gov/pubmed/35280306
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8902092
https://dx.doi.org/10.1200/JCO.21.02014
http://www.ncbi.nlm.nih.gov/pubmed/34843402
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8718185
https://dx.doi.org/10.1016/j.ebiom.2020.102990
http://www.ncbi.nlm.nih.gov/pubmed/32927274
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7494676
https://dx.doi.org/10.1002/cam4.5953
http://www.ncbi.nlm.nih.gov/pubmed/37081749
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10278489
https://dx.doi.org/10.1038/s41416-024-02746-z
http://www.ncbi.nlm.nih.gov/pubmed/38866964
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11300455
https://dx.doi.org/10.1016/j.jtho.2023.12.015
http://www.ncbi.nlm.nih.gov/pubmed/38096950
https://dx.doi.org/10.1126/science.aaa1348
http://www.ncbi.nlm.nih.gov/pubmed/25765070
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4993154
https://dx.doi.org/10.1016/j.jtho.2019.02.001
http://www.ncbi.nlm.nih.gov/pubmed/30763730
https://dx.doi.org/10.18632/oncotarget.27472
http://www.ncbi.nlm.nih.gov/pubmed/32082488
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7007296
https://dx.doi.org/10.1056/NEJMoa1113205
http://www.ncbi.nlm.nih.gov/pubmed/22397650
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4878653
https://dx.doi.org/10.1186/s12943-019-1062-7
http://www.ncbi.nlm.nih.gov/pubmed/31526368
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6745797
https://dx.doi.org/10.1158/1078-0432.CCR-19-2027
http://www.ncbi.nlm.nih.gov/pubmed/31937613
https://dx.doi.org/10.1158/1078-0432.CCR-18-1102
http://www.ncbi.nlm.nih.gov/pubmed/30045933
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6347551
https://dx.doi.org/10.1016/j.jtho.2018.11.028
http://www.ncbi.nlm.nih.gov/pubmed/30529597
https://dx.doi.org/10.1200/JCO.2022.40.16_suppl.9001

	Abstract
	Keywords
	Introduction
	Materials and methods
	Cohort selection, exclusion criteria, radiological definitions
	Clinical, pathological, and radiological data
	Next generation sequencing
	Statistical analyses
	Ethics

	Results
	Patients and tumors characteristics
	Analysis of PFS
	Analysis of OS
	Overview of the impact of co-mutations on benefit to anti-PD-1/PD-L1

	Discussion
	Abbreviations
	Declarations
	Author contributions
	Conflicts of interest
	Ethical approval
	Consent to participate
	Consent to publication
	Availability of data and materials
	Funding
	Copyright

	References

