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Background: Characterization of tumor-related genetic alterations is promising for the screening of new 
predictive markers in non-small cell lung cancer (NSCLC). Aim of the study was to evaluate prognostic 
and predictive role of most frequent tumor-associated genetic alterations detected in plasma before starting 
immune checkpoint inhibitors (ICIs).
Methods: Between January 2017 and October 2019, advanced NSCLC patients were prospectively 
screened with plasma next-generation sequencing (NGS) while included in two trials: VISION 
(NCT02864992), using Guardant360® test, and MAGIC (Monitoring Advanced NSCLC through plasma 
Genotyping during Immunotherapy: Clinical feasibility and application), using Myriapod NGS-IL 56G 
Assay. A control group of patients not receiving ICIs was analyzed. 
Results: A total of 103 patients receiving ICIs were analyzed: median overall survival (OS) was 20.8 (95% 
CI: 16.7–24.9) months and median immune-related progression free disease (irPFS) 4.2 (95% CI: 2.3–6.1) 
months. TP53 mutations in plasma negatively affected OS both in patients treated with ICIs and in control 
group (P=0.001 and P=0.009), indicating a prognostic role. STK11 mutated patients (n=9) showed a trend for 
worse OS only if treated with ICIs. The presence of KRAS/STK11 co-mutation and KRAS/STK11/TP53 
co-mutation affected OS only in patients treated with ICIs (HR =10.936, 95% CI: 2.337–51.164, P=0.002; 
HR =17.609, 95% CI: 3.777–82.089, P<0.001, respectively), indicating a predictive role.
Conclusions: Plasma genotyping demonstrated prognostic value of TP53 mutations and predictive value 
of KRAS/STK11 and KRAS/STK11/TP53 co-mutations.
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Introduction

The introduction of immune checkpoint inhibitors (ICIs) 
in clinical practice has revolutionized the treatment of 
advanced non-small cell lung cancers (NSCLCs) (1-5). 
Such agents are monoclonal antibodies acting by boosting 
immune response against cancer cells (6). ICIs commonly 
used in clinical practice target the PD-1/PD-L1 axis, either 
inhibiting PD-1 (nivolumab and pembrolizumab) or PD-
L1 (atezolizumab and durvalumab). Pembrolizumab is 
approved as first line treatment for patients with advanced 
stage NSCLC and tumor cell expression of PD-L1 (tumor 
proportion score, TPS) ≥50% (4), while the combination 
of platinum-based chemotherapy plus pembrolizumab is 
superior to chemotherapy in first-line setting, irrespective 
of PD-L1 status (7-9). European Medicines Agency (EMA) 
and Food and Drug Administration (FDA) have also 
approved atezolizumab in combination with carboplatin 
and nab-paclitaxel as first line option for non-squamous 
advanced NSCLCs regardless of PD-L1 expression (9-12). 
More recently, combinations of nivolumab and ipilimumab, 
an ICI targeting a different immune checkpoint CTLA-
4, and of nivolumab plus ipilimumab and two cycles of 
platinum-doublet chemotherapy were also approved by 
FDA for patients with metastatic, non-oncogene driven 
NSCLC (11,13,14). In pretreated advanced NSCLCs, 
nivolumab and atezolizumab are approved irrespective of 
PD-L1 status (1,2,5), whereas pembrolizumab is used only 
in case of PD-L1 TPS ≥1% (3,9,11).

Immunotherapy has clearly improved the outcome of 
non-oncogene addicted advanced NSCLC. However, 
the magnitude of clinical benefit is highly heterogeneous 
and ICIs might be useless and even detrimental for 
some patients (15). The detection of PD-L1 TPS via 
immunohistochemistry has been thus far the most widely 
studied biomarker for predicting response to ICIs. However, 
such biomarker has shown a variety of limitations, which 
impairs its predictive value: heterogeneity of expression, 
different detection methods, dynamic character (16,17). 
This is the starting point for the quest for new predictive 
biomarkers (18). In this field, wide-spectrum mutational 
analyses performed using high-throughput sequencing 
tools, such as next-generation sequencing (NGS), have great 

potentialities. These tools permit relative quantification 
of tumor genetic alterations as well as their qualitative 
characterization and may allow for identification of genetic 
alterations associated with resistance to ICI.

In this regard, the role of alterations of serine-threonine 
kinase 11 (STK11) gene in NSCLC patients has raised 
particular interest. STK11 is a tumor suppressor gene coding 
for a kinase, also known as liver kinase B1 (LKB1), involved 
in essential cell processes such as metabolic balance, 
maintenance of DNA integrity and interaction with tissue 
microenvironment (19-24). This kinase is inactivated in over 
30% of lung cancers (25-30) and its impairment seems to be 
related to an immune desert tumor microenvironment and 
to a reduced capacity of the transformed cell to recognize 
DNA damages and stimulate T-cell recruitment (31).  
In a large retrospective study, tumor genotyping with NGS 
was performed in tissue and demonstrated that KRAS-
mutated non-squamous advanced NSCLC patients carrying 
STK11 mutations had worse outcome when treated with 
ICIs, compared to the STK11-wild type counterpart (32). 
Another study showed that STK11 mutations in advanced 
NSCLC are associated with lack of durable clinical benefit 
(i.e., partial response or stable disease lasting more than 
six months) from immunotherapy (33). It is important to 
note that these analyses were performed in tissue samples, 
possibly limiting their applicability in the real-world 
setting. Indeed, tissue availability for molecular testing 
is a crucial issue in advanced NSCLC, as sometimes it is 
even barely enough for histological diagnosis (34-36). In 
addition, STK11 genetic alterations are widespread in gene 
and hot-spot testing is not feasible, thus implying the need 
for relatively high amount of DNA for proper analysis. 
A possible solution might be the utilization of plasma as 
source of tumor genetic material. 

Aim of the study was to test the role of NGS-based 
liquid biopsy in advanced NSCLC patients treated with 
ICIs. In particular, we aimed to confirm the predictive role 
of STK11 mutations and co-mutations found in plasma 
in patients treated with ICIs. A parallel control group of 
patients not receiving ICIs was included. 

We present our article in accordance with the STROBE 
reporting checklist (37) (available at http://dx.doi.
org/10.21037/tlcr-20-674).
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Methods

Patients

The present study is an observational prospective 
study, analyzing clinical and molecular data of patients 
consecutively prospectively screened for two studies: 
VISION and MAGIC-1.

At our Institution, two trials were active and provided 
the means to perform NGS testing both in tumor samples 
and in plasma: the VISION trial (NCT02864992) and the 
MAGIC (Monitoring Advanced NSCLC through plasma 
Genotyping during Immunotherapy: Clinical feasibility and 
application) trial. 

The VISION trial is an interventional prospective 
trial that offered genetic pre-screening with NGS testing 
of tissue and/or plasma, in order to identify NSCLC 
patients carrying MET exon 14 skipping alterations or 
MET amplifications amenable of treatment with tepotinib. 
Primary endpoints of the trial are activity and tolerability of 
tepotinib (38,39). 

From August 2017 to October 2019, stage IIIB/IV 
NSCLC patients treated at Rete Oncologica Veneta (ROV) 
and referring to our Institution for potential eligibility to 
VISION trial (NCT02864992) were prospectively screened 
and clinical data were collected.

Main inclusion criteria are: histologically confirmed 
advanced (Stage IIIB/IV) NSCLC, treatment naïve patients 
in first-line or pre-treated patients with no more than 2 
lines of prior therapy. Main exclusion criteria are: EGFR 
activating mutations or ALK rearrangements that predict 
sensitivity to anti-EGFR or anti-ALK therapy respectively, 
inadequate hematological, renal and hepatic functions and 
relevant comorbidities, such as impaired cardiac function or 
known infection with human immunodeficiency virus, or an 
active infection with hepatitis B or C virus. Pre-screening 
was performed using NGS testing in tumor tissue and/or 
in plasma: the choice of the source biological material to be 
analyzed was at the discretion of the treating physician.

The Ethics Committee of our Institution approved 
the study on 20th February 2017. The latest version of the 
protocol was approved by the Ethics committee of our 
institution on 6th December 2018. A written informed 
consent was signed before any trial-related activities were 
carried out. Pre-screening informed consent was obtained 
prior to NGS testing, either in tumor tissue and/or plasma. 
Pre-screening informed consent version approved by our 
Ethics Committee is 3.0. The study was performed in 
accordance with the Declaration of Helsinki.

The MAGIC study is an observational prospective 
trial enrolling advanced, non-oncogene addicted NSCLC 
patients, aimed to identify genetic alterations in tumor 
tissue, in order to track them down in plasma and 
subsequently monitor their trend in relation with the kinetic 
of the disease (40).

From January 2017 and August 2019 advanced NSCLC 
patients starting systemic treatment at our Institution were 
prospectively enrolled. Eligibility criteria for MAGIC trial 
were the absence of known EGFR sensitizing mutations 
or ALK or ROS-1 rearrangements, availability of tumor 
biopsy material collected before starting any treatment, 
the planning of systemic treatment and the possibility 
of adequate clinical and radiological follow-up. Patients 
were treated according to standard clinical practice with 
chemotherapy or ICIs. Main exclusion criteria were chemo- 
or radiation treatments performed prior to tissue collection. 
According to clinical practice, radiological evaluation was 
performed with iodine contrast CT-scan at baseline and 
during treatment.

The Ethics Committee of our Institution evaluated and 
approved study design and informed consent (2016/82, 
on 12th December 2016). Written informed consent was 
obtained from all patients before study entry. The study was 
performed in accordance with the Declaration of Helsinki.

The aim of this study (LINE, LKB1 and Immune 
involvement in advanced NSCLC: an Exploratory analysis) 
was to genetically characterize advanced NSCLC patients 
and in particular to define the role of LKB1 in patients’ 
outcome while on ICI. For this purpose, patients enrolled 
in the MAGIC and VISION trials were considered as 
study population, if tested in plasma before the start of 
ICIs, and as control group, if never treated with ICIs. 
Patients tested during the course of immunotherapy were 
excluded. Patients’ data recorded at baseline included 
patient demographics, Eastern Cooperative Oncology 
Group (ECOG) performance status (PS) at time of first line 
systemic treatment start, smoking history and weigh loss 
of more than 5% during 6 months before cancer diagnosis. 
Tumor data collected included histology, EGFR, ALK and 
ROS-1 status, as they were determined for non-squamous 
NSCLC, PD-L1 status, when available, and radiological 
staging. Information about treatments undergone by 
patients during the course of the disease, their response and 
toxicity were also collected.

The Ethics Committee of our Institution evaluated 
and approved this study and informed consent on 22nd 
January 2018 (2018/21). Written informed consent was 
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obtained from all patients before study entry. The study was 
performed in accordance with the Declaration of Helsinki.

Molecular analyses

In the frame of VISION trial, circulating tumor DNA 
(ctDNA) was isolated and tested from freshly collected 
plasma samples. ctDNA (5.0 to 30 ng) was extracted, 
enriched for targeted regions and underwent library 
preparation, in order to complete sequencing to be 
conducted using Illumina platform. Tumor tissue for NGS 
testing was obtained from archived samples or from freshly 
obtained formalin-fixed paraffin-embedded (FFPE) tumor 
tissue. MET alterations were searched in either plasma 
samples or tissue tumor samples, using Guardant360® Test, 
covering 73 genes and all somatic alterations recognized as 
potential targets by NCCN, and Oncomine™ Focus Assay 
(testing done by MolecularMD Inc.) covering 59 genes, 
respectively. Further details are described in Supplementary 
file (Appendix 1).

ctDNA of patients participating in MAGIC trial was 
isolated and tested from freshly collected plasma samples. 
Tumor tissue for NGS testing was obtained from archived 
samples or from freshly obtained FFPE tumor tissue. Plasma 
samples were collected at the time of first administration of 
systemic treatment (baseline, T1), after three or four weeks 
of treatment (according to the treatment schedule) (3± 
1 weeks, T2), and at first radiological restaging (T3). For 
the present study, genetic testing performed at baseline was 
evaluated. ctDNA was extracted from 3 to 5 mL of plasma 
using the QIAamp® circulating nucleic acid Kit (QIAGEN, 
Hilden, Germany). CtDNA (2 to 25 ng) was used for library 
preparation, following the protocol of Myriapod NGS-IL 
56G (Diatech Pharmacogenetics Srl; Jesi, Italy) assay. This 
assay covers mutational hotspots of 56 tumor-associated 
genes. Further details about study procedures are described 
in Supplementary file (Appendix 1).

Statistical analyses

The primary aim of the study was to describe the role of 
plasma NGS in characterizing advanced NSCLC patients 
receiving ICIs according to clinical practice. Primary end-
point was to depict the association of the presence of the 
most frequent tumor-associated genetic alterations with 
outcome.

We analyzed the frequency of genetic alterations found 
and the association of the number of genetic alterations found 

with clinical features. Subsequently, we evaluated the impact 
of the presence of the most frequent genetic alterations, i.e., 
the ones exceeding median number of alterations found per 
gene, with outcome. For patients enrolled in both trials and 
with NGS results available from Guardant360® Test and 
Myriapod NGS-IL 56G Assay, we chose to use the results 
from the former gene panel, given its width of genome 
coverage. Gene variants were searched in the COSMIC 
database and pathogenicity was defined accordingly.

Outcome was considered in terms of overall survival 
(OS), as primary end-point, of immune-related progression 
free survival (irPFS) and of radiological response. OS was 
calculated from the first day of any systemic treatment to 
death from any cause. IrPFS was calculated from the first day 
of ICI treatment to the first radiological or clinical disease 
progression or death from any cause. Response was assessed 
according to Response Evaluation Criteria in Solid Tumors 
(RECIST) v1.1; disease control rate (DCR) was defined as 
complete response (CR) plus partial response (PR) plus stable 
disease (SD). 

Variables were presented by using median value for 
continuous variables and percentages (numbers) for 
categorical variables and their relationship with the presence 
of target alteration was assessed using Mann-Whitney test, 
Kruskal-Wallis test and the chi-squared test as appropriate. 
Correlation among different gene alterations was calculated 
using Pearson’s correlation test.

Univariate logistic regression models and results were 
reported using odds ratio (OR) with their 95% confidence 
interval (CI). Median PFS and OS were estimated by using 
Kaplan-Meier methods and the log-rank test was used 
to compare survival between groups. Hazard ratios (HR) 
and their 95% CI were calculated with the Cox regression 
method. Potential confounding effect of clinical variables 
was assessed by performing multivariate analysis with Cox 
regression method.

All the analyses were also performed in a control group of 
patients not receiving ICIs.

Statistical significance level was set at P<0.05 for all tests. 
All statistical analyses were performed with statistical package 
for the social sciences (SPSS) 20.0 software (SPSS Inc., 
Chicago, IL, USA).

Results

Patients and treatments

Among 234 NSCLC patients prospectively screened with 

https://cdn.amegroups.cn/static/public/TLCR-20-674-supplementary.pdf
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NGS in plasma, 103 patients received ICIs for advanced 
disease and had their plasma collected right before ICIs 
initiation. Among them, 72 had been pre-screened 
in VISION trial, 79 in the MAGIC trial; 48 of them 
participated in both studies. All plasma samples resulted 
evaluable.

Gender distribution was: 64 (62.1%) men and 39 (37.9%) 
women. Seventeen patients (16.5%) were never smokers, 
whereas 86 (83.5%) were either former (n=41; 39.8%) or 
active smokers (n=45; 43.7%). Median age at diagnosis of 
metastatic disease was 69.3 (range, 42.1–84.9) years. At the 
time of advanced NSCLC diagnosis, 26 (25.2%) subjects 
had an ECOG PS of 0 and 77 (74.8%) of ≥1. Nineteen 
patients (18.4%) experienced significant weight loss prior 
to NSCLC diagnosis. At the time of diagnosis of stage 
IV NSCLC, 39 subjects (37.9%) had one single site of 
metastasis, 39 (37.9%) had two and 25 (24.2%) had three or 
more sites of distant disease. Fifty-two (50.5%) patients had 
extra-thoracic sites of metastasis, among them 15 (14.6%) 
had liver metastases and 29 (28.2%) had bone metastases 
(Table 1).

Most of the patients were diagnosed with adenocarcinoma 
(n=80; 77.7%); the others were squamous cell carcinomas 
(n=20; 19.4%), non-otherwise specified carcinomas (n=2; 
1.9%), or sarcomatoid carcinomas (n=1; 1.0%). PD-L1 
status was available for 95 patients (92.2%). Using a 1% cut-
off for PD-L1 TPS, 45 cases (47.4%) were positive. Thirty-
one patients (32.6%) had PD-L1 TPS ≥50%.

For advanced disease, 19 patients (18.4%) received only 
one line of treatment, 66 (64.1%) two lines and 18 (17.5%) 
at least three lines. Immunotherapy was administered as 
first line treatment in 27 cases (26.2%).

A control group of 101 patients never underwent ICI 
treatment and had their plasma collected. Most of them 
were men (n=57, 56.4%) and former or current smokers 
(n=73, 72.3%). At the time of diagnosis of stage IV 
NSCLC, 31 (30.7%) had an ECOG PS 0 and 70 (69.3%) 
had an ECOG PS equal or higher than 1. Adenocarcinoma 
was the most frequent histotype (n=80, 79.2%). At the time 
of diagnosis of advanced disease, 49 subjects (48.5%) had 
one single site of metastasis, 33 (32.7%) had two and 19 
(18.8%) had three or more sites of distant disease. 

Clinical and pathological characteristics are displayed in 
Table 1. 

Response to ICIs and patients’ outcome

At the time of the analysis, median follow-up time was  

20.3 (range, 5.1–57.8) months. DCR was 54.4% (partial 
response n=14, 13.6%, and stable disease n=42, 40.7%). 
Median OS was 20.8 (95% CI: 16.7–24.9) months. Median 
irPFS was 4.2 (95% CI: 2.3–6.1) months.

Impact of clinical features on patients’ outcome

We performed univariate analysis in order to evaluate 
the impact on OS of known clinical prognostic features. 
ECOG PS (HR =1.775, 95% CI: 1.101–2.862, P=0.019), 
non-adenocarcinoma histology (HR =2.158, 95% CI: 
1.158–4.021, P=0.015), having extrathoracic metastases 
(HR =2.600, 95% CI: 1.480–4.567, P=0.001) and bone 
metastases (HR =2.137, 95% CI: 1.197–3.816, P=0.010) 
had a significant impact on OS. In multivariate analysis, 
ECOG PS (HR =2.158, 95% CI: 1.108–4.205, P=0.024) 
and the presence of extrathoracic lesions (HR =2.932, 95% 
CI: 1.287–6.681; P=0.010) were confirmed to impact OS 
independently (Table 2).

The same variables were tested for impact on irPFS. 
ECOG PS (HR =2.053, 95% CI: 1.266–3.331, P=0.004) 
and having extrathoracic metastases (HR =2.054, 95% CI: 
1.272–3.316, P=0.003) or bone metastases (HR =1.847, 95% 
CI: 1.120-3.046, P=0.016) had significant impact on irPFS. 
When multivariate analysis was performed, significance 
was maintained for ECOG PS (HR =2.692, 95% CI: 
1.488–4.872, P=0.001) and for the presence of extrathoracic 
metastases (HR =2.417, 95% CI: 1.154–5.065, P=0.019) 
(Table 3).

Genetic alterations in ctDNA

The median number of mutations detected in a patient 
was 2 (range, 0–10). In 21 cases (20.4%) no mutation was 
detected. Genetic alterations were detected in fifty-three 
genes and among them the median number of alteration 
for each gene was 3 (range, 1–53) (Figure 1). The most 
commonly altered genes were: TP53 (n=53), KRAS (n=22), 
EGFR (n=13), PIK3CA (n=11), MET (n=10), STK11 (n=9), 
NF1 (n=9), CCNE1 (n=7), ARID1A (n=6), BRCA2 (n=5), 
RB1 (n=5), CDKN2A (n=5), PTEN (n=5), BRAF (n=5), APC 
(n=5), MYC (n=4), CTNNB1 (n=4), MTOR (n=3), FGFR1 
(n=3), AR (n=3), DDR2 (n=3), KIT (n=3), SMAD4 (n=3), 
PDGFRA (n=3) and IDH1 (n=3).

TP53 genetic alterations were detected in 53 cases 
(51.5%) and nine patients carried more than one TP53 
pathogenic variant. Among these 53 cases, two carried a 
variant of unknown significance (VUS) and two carried 
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Table 1 Patients’ characteristics

Variables Study population (n=103) Control population (n=101) P value*

Gender 0.407

Male 64 (62.1%) 57 (56.4%)

Female 39 (37.9%) 44 (43.6%)

Age (years; range) 69.3 (42.1–84.9) 69.8 (30.4–87.6) 0.767

Smoking status

Never 17 (16.5%) 28 (27.7%) 0.053

Former and current 86 (83.5%) 73 (72.3%)

ECOG PS

0 26 (25.2%) 31 (30.7%) 0.458

≥1 77 (74.8%) 70 (69.3%)

Weight loss 19 (18.4%) 21 (20.8%) 0.622

Histology 0.391

Adenocarcinoma 80 (77.7%) 80 (79.2%)

Squamous cell carcinoma 20 (19.4%) 21 (20.8%)

NOS carcinoma 2 (1.9%) 0 (0.0%)

Sarcomatoid carcinoma 1 (1.0%) 0 (0.0%)

PD-L1 test performed 95 (92.2%) 88 (87.1%) 0.394

PD-L1 positive

Cut-off TPS ≥1% 45 (47.4%) 39 (44.3%) 0.679

Cut-off TPS ≥50% 31 (32.6%) 10 (11.4%) 0.001

Number of metastatic sites 0.377

1 39 (37.9%) 49 (48.5%)

2 39 (37.9%) 33 (32.7%)

≥3 25 (24.2%) 19 (18.8%)

Sites of metastases

Extrathoracic 52 (50.5%) 50 (49.5%) 0.933

Liver 15 (14.6%) 11 (10.9%) 0.415

Bone 29 (28.2%) 26 (25.7%) 0.698

KRAS alteration 22 (21.3%) 26 (25.7%) 0.364

TP53 alteration 53 (51.5%) 41 (40.6%) 0.200

STK11 alteration 9 (8.7%) 10 (9.9%) 0.775

KRAS/STK11 co-mutation 3 (2.9%) 6 (5.9%) 0.292

STK11/TP53 co-mutation 7 (6.8%) 4 (3.9%) 0.370

TP53/KRAS co-mutation 9 (8.7%) 14 (13.8%) 0.247

KRAS/STK11/TP53 co-mutation 2 (1.9%) 2 (2.0%) 0.325

*, statistical evaluation of variables’ distribution between the populations. Chi-squared test and Mann-Whitney were used as appropriate. 
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Table 2 Univariate and multivariate analysis of overall survival in the study population

Variables
Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Clinical variables

Gender (female) 0.648 0.353–1.190 0.162 – – –

Age 1.013 0.985–1.043 0.357 – – –

Smoking status 1.572 0.625–3.953 0.336 – – –

ECOG PS 1.775 1.101–2.862 0.019 2.158 1.108–4.205 0.024

Weight loss 1.429 0.695–2.938 0.331 – – –

Histology (non-adenocarcinoma) 2.158 1.158–4.021 0.015 1.578 0.683–3.643 0.286

Number of metastases 1.199 0.917–1.567 0.185 – – –

Extrathoracic metastasis 2.600 1.480–4.567 0.001 2.932 1.287–6.681 0.010

Liver metastasis 2.064 0.987–4.316 0.054 – – –

Bone metastasis 2.137 1.197–3.816 0.010 0.821 0.311–2.170 0.697

Molecular variables

Total number of gene alterations 1.154 1.034–1.288 0.010 1.056 0.895–1.245 0.518

KRAS alteration 0.791 0.373–1.678 0.541 – – –

TP53 alteration 1.606 1.220–2.115 0.001 2.512 1.208–5.224 0.014

STK11 alteration 1.208 0.971–1.503 0.090 – – –

KRAS/STK11 co-mutation 10.936 2.337–51.164 0.002 NC – –

STK11/TP53 co-mutation 2.415 1.008–5.784 0.048 1.673 0.433–6.465 0.456

TP53/KRAS co-mutation 0.890 0.215–3.681 0.872 – – –

KRAS/STK11/TP53 co-mutation 17.609 3.777–82.089 <0.001 19.834 3.242–121.326 0.001

FGFR alteration 5.273 1.591–17.474 0.007 2.348 0.484–11.397 0.289

Statistically significant P values are reported in italics. CI, confidence interval; HR, hazard ratio; NC, non-calculable.

a neutral variant (Functional Analysis through Hidden 
Markov Models, FATHMM, score of 0.24); the other 49 
were either pathogenic or likely pathogenic (Table S1).

KRAS mutations were found in 22 cases (21.3%), with 
one patient only carrying a VUS mutation. Most of these 
mutations (n=16, 72.7%) caused a change in the amino 
acid residue at position 12 (G12X). EGFR was mutated in 
nine cases (8.7%); four alterations were VUS, the others 
were non-classical mutations. EGFR gene was amplified in 
four cases. Nine patients carried PIK3CA mutations: seven 
had a pathogenic alteration (FATHMM between 0.96 and 
1.00), while two had a benign polymorphism. Furthermore, 
PIK3CA was amplified in two more cases. Three patients 
carried a MET exon 14 skipping mutation; two of these 

carried also a low MET gene amplification. Two patients 
carried other pathogenic MET mutations, two carried 
neutral MET mutations, one had a VUS of MET and two 
had a MET amplification. NF1 was also altered in nine 
cases (9.7%) and six of them were defined as VUS, while 
the others were pathogenic with a FATHMM score ranging 
between 0.93 and 0.99.

STK11 gene alterations were detected in nine samples 
(8.7%) and they were all pathogenic variants. The most 
common alterations were nonsense mutations (n=4, 44.5%), 
causing premature stop codons, followed by pathogenic 
missense mutations (n=3, 33.3%) and splice site single 
nucleotide variants (n=2, 22.2%). Three patients (2.9%) 
carried concomitant KRAS/STK11 gene alterations, of 

https://cdn.amegroups.cn/static/public/TLCR-20-674-supplementary.pdf
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Table 3 Univariate and multivariate analysis of immune-related progression free survival

Variables
Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Clinical variables

Gender (female) 1.099 0.673–1.793 0.707 – – –

Age 1.014 0.989–1.041 0.271 – – –

Smoking status 1.315 0.653–2.648 0.444 – – –

ECOG PS 2.053 1.266–3.331 0.004 2.692 1.488–4.872 0.001

Weight loss 1.260 0.688–2.305 0.454 – – –

Histology (non-
adenocarcinoma)

1.570 0.903–2.728 0.110 – – –

Number of metastases 1.139 0.902–1.439 0.273 – – –

Extrathoracic metastasis 2.054 1.272–3.316 0.003 2.417 1.154–5.065 0.019

Liver metastasis 1.204 0.629–2.305 0.575 – – –

Bone metastasis 1.847 1.120–3.046 0.016 0.898 0.430–1.874 0.775

Molecular variables

Total number of gene 
alterations

1.046 0.949–1.151 0.365 – – –

KRAS alteration 0.854 0.469–1.557 0.607 – – –

TP53 alteration 1.347 1.064–1.705 0.013 1.822 1.057–3.141 0.031

STK11 alteration 1.081 0.889–1.314 0.438 – – –

KRAS/STK11 co-mutation 6.029 1.788–20.328 0.004 5.063 0.410–62.479 0.206

STK11/TP53 co-mutation 1.387 0.599–3.211 0.445 – – –

TP53/KRAS co-mutation 0.802 0.232–1.990 0.633 – – –

KRAS/STK11/TP53 co-
mutation

5.088 1.189–21.613 0.027 5.589 1.239–25.221 0.025

FGFR1 alteration 5.722 1.733–18.891 0.004 3.538 0.968–12.923 0.056

BRCA2 mutation 6.344 1.873–21.486 0.003 12.302 2.668–56.727 0.001

Statistically significant P values are reported in italics. CI, confidence interval; HR, hazard ratio.

whom two patients (2.2%) carried also a concomitant TP53 
alteration. Moreover, five patients (4.8%) carried a TP53 
alteration with a STK11 mutation.

Details about the other gene alterations are displayed in 
Table S2.

TP53, KRAS and STK11 alterations and clinical features

Among clinical and histological features, being a former or 
current smoker was associated with the presence of TP53 
pathogenic alterations (OR =4.020, 95% CI: 1.211–13.399, 

P=0.023) (Figure 2A). In addition, carrying TP53 alterations 
was correlated with higher risk of having extrathoracic 
metastases (OR =1.703, 95% CI: 1.135–2.556, P=0.010) 
(Figure 2B).

KRAS mutations were not significantly associated with 
any clinical features and neither were STK11 genetic 
alterations.

Moreover, the presence of KRAS  mutations was 
associated with PD-L1 expression in tumor cells, both using 
1% (OR =4.500, 95% CI: 1.479–13.690, P=0.008) and 50% 
(OR =3.361, 95% CI: 1.213–9.310, P=0.020) as cut-off 

https://cdn.amegroups.cn/static/public/TLCR-20-674-supplementary.pdf
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Figure 2 Significant correlation between clinical and pathological features and the presence of TP53 mutation (A,B) and KRAS mutation 
(C,D). WT, wild type; Mut, mutated.

(Figure 2C,D). Table S3 summarizes the impact of clinical 
features on the presence of genetic alterations.

Association between different gene alterations

We also evaluated the presence of any association between 
gene alterations found in our study population. As shown 
in Figure 3, CDKN2A, MTOR, STK11, CTNNB1, RB1 and 
APC alterations were the ones with the highest number 
of statistically significant associations with other gene 
alterations.

In particular, the presence of a mutated CDKN2A was 
positively associated with a mutated CTNNB1 (Pearson’s 
correlation coefficient, PC, of 0.2, P=0.029), STK11 

(PC=0.2, P=0.018), MTOR (PC=0.2, P=0.029), PTEN 
(PC=0.4, P=0.001) and PDGFRA (PC=0.3, P=0.004). MTOR 
mutations were associated also with APC mutations (PC=0.2, 
P=0.028), CCNE1 amplification (PC=0.6, P=0.001), IDH1 
mutation (PC=0.5, P=0.001), a mutated RB1 (PC=0.2, 
P=0.028) and a mutated PTEN (PC=0.2, P=0.028). 

A mutated STK11, in turn, was linked also with CTNNB1 
mutation (PC=0.3, P=0.004), MYC amplification (PC=0.3, 
P=0.005) and CCNE1 amplification (PC=0.3, P=0.002). 

Besides STK11 and CDKN2A, CTNNB1 mutations were 
associated with APC mutations (PC=0.2, P=0.028) and MYC 
amplifications (PC=0.3, P=0.011). Moreover APC alterations 
were also linked with NF1 (PC=0.4, P=0.001) and with 
TP53 mutations (PC=0.2, P=0.024), while a mutated RB1 

https://cdn.amegroups.cn/static/public/TLCR-20-674-supplementary.pdf
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was also associated with KRAS (PC=0.2, P=0.038), BRCA2 
(PC=0.2, P=0.028) and KIT mutations (PC=0.6, P=0.001). 
With regards of TP53 and KRAS mutations, they were 
significantly associated with APC (PC=0.2, P=0.024) and 
RB1 (PC=0.2, P=0.038) alterations, respectively.

Details about other genes and their mutual correlations 
are depicted in Figure 3.

Impact of genetic alterations on treatment response and 
patients’ outcome

When we considered the total number of gene alterations 
detected in plasma, we found that a higher number of 

genetic alterations was correlated with shorter OS (HR 
=1.154, 95% CI: 1.034–1.288, P=0.010), but it did not affect 
irPFS or DCR.

Patients carrying pathogenic TP53 alterations had 
significantly shorter median OS, when compared to the 
TP53 wildtype counterpart (12.6 months, 95% CI: 8.5–16.8, 
vs. 26.7, 95% CI: 17.4–36.1; HR =1.606, 95% CI: 1.220–
2.115, P=0.001) (Figure 4). TP53 affected negatively also 
irPFS (3.2 months, 95% CI: 1.6-4.8 vs. 6.6 months, 95% 
CI: 1.9–11.3; HR =1.347, 95% CI: 1.064–1.705, P=0.013) 
(Table 2). DCR was not affected by TP53 status (OR =0.745, 
95% CI: 0.504–1.103, P=0.142). 

The presence of STK11 alterations was associated with 
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Figure 4 Impact of genetic alterations on outcome in terms of overall survival (OS). (A) Impact of TP53 mutation on OS in the study 
population (treated with immune checkpoint inhibitors); (B) impact of TP53 mutation on OS in the control group (not receiving immune 
checkpoint inhibitors); (C) impact of KRAS/STK11 co-mutation on OS in the study population (treated with immune checkpoint inhibitors); 
(D) impact of KRAS/STK11 co-mutation on OS in the control group (not receiving immune checkpoint inhibitors).

a trend for shorter OS (median OS: 14.9 months, 95% 
CI: 10.5–19.3, vs. 21.2 months, 95% CI: 17.3–25.1; HR 
=1.208, 95% CI: 0.971-1.503, P=0.090), although not 
reaching statistical significance. STK11 mutational status 
did not affect irPFS (2.4 months, 95% CI: 2.0–2.8, vs.  
4.4 months, 95% CI: 2.7-6.0; HR =1.081, 95% CI: 0.889–
1.314, P=0.438) (Table 2) or DCR (OR =0.789, 95% CI: 
0.550–1.132, P=0.197).

The presence of KRAS mutation did not significantly 
affect OS, irPFS and DCR (Table 2). This was confirmed 
also when we analyzed G12X mutations versus non-G12X 
mutations. Of interest, patients with KRAS G12X amino-
acid substitution had a trend for better OS compared with 
non-G12X amino-acid substitution, even though it was not 

statistically significant (35.6 months, 95% CI: 8.1–62.9, vs. 
21.2 months, 95 CI%: non-evaluable, P=0.732, log-rank 
test).

The presence of other alterations in previously 
mentioned genes did not significantly affect patients’ 
outcome (data not shown), with the exception of FGFR1 
whose alterations had a negative impact both on OS (HR 
=5.722, 95% CI: 1.733–18.891, P=0.004) and on irPFS (HR 
=5.273, 95% CI: 1.591–17.474, P=0.007), and of BRCA2, 
which affected irPFS (HR =6.344, 95% CI: 1.873–21.486, 
P=0.003).

We also evaluated the impact of the presence of KRAS/
STK11 co-mutation (Figure 4, Tables 2,3). This status was 
associated both with worse OS (5.9 months, 95% CI: 
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1.4–7.6, vs. 20.8 months, 95% CI: 16.7–29.9; HR =10.936, 
95% CI: 2.337–51.164, P=0.002) and worse irPFS (1.2 
months, 95% CI: 0.9–1.5, vs. 4.4 months, 95% CI: 2.7–6.0, 
HR =6.029, 95% CI: 1.788–20.328, P=0.004). STK11/
TP53 co-mutation had impact on OS (14.9 months, 95% 
CI: 10.3–19.5, vs. 21.2 months, 95% CI: 17.4–25.0; HR 
=2.415, 95% CI: 1.008–5.784, P=0.048), but not on irPFS  
(2.4 months, 95% CI: 2.1–2.8, vs. 4.4 months, 95% CI: 
2.7–6.0; HR =1.387, 95% CI: 0.599–3.211, P=0.445). The 
presence of TP53/KRAS co-mutation did not impact either 
OS or irPFS. On the contrary, the presence of KRAS/
STK11/TP53 concomitant mutations negatively affected 
OS (1.8 months, 95% CI: not calculable, vs. 20.8, 95% CI: 
16.9–24.8; HR =17.609, 95% CI: 3.777–82.089, P<0.001) 
and irPFS (1.0 month, 95% CI: not calculable, vs. 4.4, 95% 
CI: 2.7-6.1; HR =5.088, 95% CI: 1.189–21.613, P=0.027).

We performed multivariate OS analysis including 
ECOG PS, histology, the presence of extrathoracic or 
bone metastases, total number of gene alterations, TP53 
mutation, KRAS/STK11, STK11/TP53 or KRAS/STK11/
TP53 co-mutation and FGFR1 alteration as covariates. 
TP53 and KRAS/STK11/TP53 co-mutation confirmed their 
independent impact on OS (HR =2.512, 95% CI: 1.208–
5.224, P=0.014 and HR =19.834, 95% CI: 3.242–121.326, 
P=0.001, respectively) (Table 2).

Finally, we performed multivariate irPFS analysis 
including ECOG PS, the presence of extrathoracic or 
bone metastases, TP53 alterations, KRAS/STK11 or KRAS/
STK11/TP53 co-mutation, FGFR1 alteration and BRCA2 
mutation. Negative impact on patients’ irPFS of TP53, 
KRAS/STK11/TP53 co-mutation and BRCA2 mutation was 
confirmed (HR =1.822, 95% CI: 1.057–3.141, P=0.031; HR 
=5.589, 95% CI: 1.239–25.221, P=0.025; HR =12.302, 95% 
CI: 2.668–56.727, P=0.001) (Table 3). 

Genetic characterization and outcome in a control group of 
patients never treated with ICIs

A control population of advanced NSCLC patients (n=101) 
who never received immunotherapy was also evaluated. 
Patients’ characteristics were well balanced between 
populations treated or not with ICIs, with the exception of 
enrichment in PD-L1-strong-positive (TPS ≥50%) among 
patients treated with ICIs (Table 1). At the time of the analysis, 
median follow-up time was 13.2 (range, 1.8–43.0) months  
for the control group. Median OS of control population was 
16.8 months (95% CI: 13.0–20.6). 

In univariate analysis, ECOG PS (HR =2.310, 95% CI: 

1.222–4.365, P=0.010), weight loss (HR =4.133, 95% CI: 
2.169–7.875, P<0.001), number of metastases (HR =1.703, 
95% CI: 1.268–2.286, P<0.001) and having extrathoracic 
metastases (HR =1.958, 95% CI: 1.035–3.701, P=0.039) 
or bone metastasis (HR =3.181, 95% CI: 1.689–5.991, 
P<0.001) had significant impact on OS. Weight loss (HR 
=3.499, 95% CI: 1.766–6.933, P<0.001) and the presence 
of bone metastases (HR =3.179, 95% CI: 1.366–7.399, 
P=0.007) maintained independent prognostic effect in 
multivariate analysis.

Analyzing the impact of mutational status, TP53 and 
KRAS mutations had a negative impact on OS (HR =1.498, 
95% CI: 1.105–2.029, P=0.009, Figure 4B, and HR =2.999, 
95% CI: 1.525–5.899, P=0.001 respectively), confirmed in 
multivariate test (Table S4), while STK11 had no impact 
at all. Neither STK11/KRAS, nor STK11/KRAS/TP53, 
nor STK11/TP53 co-mutation had any impact on patients’ 
outcome (HR =2.180, 95% CI: 0.510–9.326, P=0.293, HR 
=2.411, 95% CI: 0.324–17.913, P=0.390 and HR =2.051, 
95% CI: 0.628–6.698, P=0.234, respectively) (Figures 4). 
When tested in multivariate analysis, both TP53 and KRAS 
alterations were still significantly associated with worse 
survival (HR =1.422, 95% CI: 1.045–1.936, P=0.025 and 
HR =2.701, 95% CI: 1.362–5.356, P=0.004, respectively; 
Table S4).

Discussion

Wide genetic characterization has the potential to provide 
predictive information for patients treated with ICIs, but 
tissue availability is often a limitation that may impair its 
application in clinical practice.

In the present work, we characterized patients undergoing 
immunotherapy, using NGS testing in liquid biopsies 
performed before the first ICI administration, in order to 
define the impact of genetic alterations found in plasma on 
outcome.

Since tissue availability often represents a strong 
limitation to wide molecular characterization, the use of 
plasma as the source of ctDNA is surely promising: liquid 
biopsy is a feasible procedure and could be easily repeated. 
ctDNA may also be representative of tumor burden and 
mirrors intrinsic tumor heterogeneity in space and time 
(40-45). 

In our series, liquid biopsy samples were evaluable in the 
whole cohort and TP53 mutation was the most frequent gene 
alteration, carrying also prognostic value. The presence 
of TP53 mutations was associated with shorter OS both in 

https://cdn.amegroups.cn/static/public/TLCR-20-674-supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-20-674-supplementary.pdf
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patients receiving ICIs and in patients who never received 
immunotherapy. The prognostic role of TP53 in lung cancer 
is still debated. It has been studied extensively in surgical 
series and a meta-analysis confirmed its prognostic value 
in early stage disease only in adenocarcinoma histological 
subtype (46). In the studies included in this meta-analysis, 
however, samples were not tested using a high-throughput 
sequencing technique, such as NGS. More recently, La 
Fleur and colleagues used NGS to describe a significant 
negative impact of TP53 alterations (HR =1.47, P=0.003) 
in a cohort of NSCLC treated with surgery (47). In the 
setting of advanced disease, a large report on over 1,400 
metastatic patients showed similar results and median OS 
of TP53 mutated was 8 months shorter than the wild-type 
counterpart (48). Other reports did not confirm significant 
prognostic value of TP53 mutations in advanced NSCLC 
(49-51). To date, to the best of our knowledge, ours is the 
first report describing such correlation using only plasma as 
source material for NGS. 

In our ICI cohort, STK11 mutations were identified 
in 9% of patients, in line with previous reports (range: 
8% to 13%) (47,50-52). Patients carrying a pathogenic 
variant of STK11 and receiving ICIs showed a trend for 
shorter OS. The prognostic role of STK11 has been 
already investigated in tissue samples, and previous 
retrospective studies found a negative impact on outcome 
(50,52). These studies included patients treated with first-
line platinum-based chemotherapy, with no details about 
further lines of treatment. Moreover, one of the two studies 
was characterized by a median follow-up time of only  
7.39 months, leading to a median OS of 6.68 months (50),  
which looks even shorter than pre-immunotherapy 
historical controls (53). Furthermore, a recent post-hoc 
analysis by Vernieri and colleagues questioned the clinical 
impact of STK11 mutations in NSCLC patients treated 
chemotherapy in the frame of the TAILOR trial (54). 
Therefore, any comparison should be made with caution. 
On the other hand, tissue NGS analysis in 240 patients 
treated with anti-PD-1/PD-L1 agents showed that STK11 
mutated status was significantly enriched in the subgroup 
of patients who did not obtain a durable clinical benefit, 
defined as not progressive disease for at least 6 months 
(33,55). Similarly, Guibert et al. evaluated 97 patients 
treated with ICIs using a targeted plasma NGS at treatment 
baseline and found that STK11-mutated patients derived a 
shorter irPFS, compared with the wild-type ones (51).

In our series, we were able to investigate the role 
of specific co-occurring gene mutations in modulating 

STK11 function. First, we reported how KRAS/STK11 
co-mutations had a negative impact both on OS and on 
irPFS. No significant impact on outcome was found among 
patients not receiving ICIs. 

The predictive role for KRAS/STK11 co-mutations 
detected in tissue in patients receiving ICIs was recently 
depicted by Skoulidis et al. (56). The study included a 
control group of 120 patients treated with chemotherapy 
and showing no impact of co-mutations on outcome (56). 
On the other hand, potential negative prognostic impact of 
KRAS/STK11 co-mutations in tissue emerged in previous 
studies, in which study population was heterogeneous 
according to treatment (47,52,57). In particular, a recent 
work selected a population of advanced NSCLC patients 
carrying STK11 alterations (n=62) using tissue-based 
(n=44) or plasma-based (n=18) NGS, in order to define 
the impact of concomitant alterations on prognosis and 
confirmed the negative role of KRAS/STK11 co-mutations 
in the study population, also including patients treated with 
first-line ICI (58). Notably, in our series we were able to 
describe differential impact on prognosis of KRAS/STK11 
co-mutation, according to the fact of being treated or not 
with ICIs. This finding confirms potential predictive role 
of KRAS/STK11 co-mutations in patients treated with ICIs 
and validate plasma NGS testing for the identification of 
such alterations.

KRAS mutations are frequent alterations in NSCLC 
and KRAS-mutated disease represents a heterogeneous 
group. The subtype of KRAS mutation affects prognostic 
impact (59) and potentially also therapeutic options 
(60,61), while the presence of co-mutations modulates its 
cellular functions. In particular, the cross-talk between 
the KRAS-MAPK signalling pathway and the one of 
LKB1-AMPK has been investigated (62). The oncogenic 
path primed by KRAS mutation is further boosted by 
LKB1 inactivation, which is able to increase metastatic 
potentials acting on the anchorage-dependent cell-
growth (23) and tumor cell differentiation (63). LKB1 
inactivation in KRAS-mutated tumors also impairs one 
of the first steps of the immune-surveillance process, 
through the inhibition of stimulator of interferon genes 
(STING) pathway (64), leading to an immune-excluded 
tumor immune micro-environment (65).

Even though the number of patients carrying co-
mutations is limited, we also depicted the impact of 
concomitant KRAS/STK11/TP53 mutations on outcome, 
according to treatment. In this context, Bange and 
colleagues did not find any significant impact of KRAS/
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STK11/TP53 co-mutations on outcome. The study 
population was heterogeneous according to treatment and 
the timing of liquid biopsy was not pre-defined and could 
occur over-90 days after the start of first line therapy (58). 

In ICI cohort of our study, also FGFR1 turned out to 
have negative impact on patients’ OS and irPFS, even if 
it was not confirmed in multivariate analysis (Tables 2,3). 
In this field, evidence is very scanty. FGFR1 was included 
in the gene panel tested in the previous series of ICI-
treated patients, but no impact on outcome was reported 
(33,51). As shown in preclinical experiences with breast 
cancer cell-lines, a dysregulated FGFR1 pathway could 
induce an immune-suppressive microenvironment, through 
macrophage recruitment and increased angiogenesis  
(66-68). However, larger studies are needed to evaluate and 
eventually validate this finding in NSCLC field. 

We also found that BRCA2 pathogenic mutations 
negatively affected irPFS. Evidence about the impact of 
this alteration in lung cancer is scarce. Experiences in other 
neoplasms, such as breast, ovarian and prostate cancers, 
seem to correlate the presence of mutations affecting 
BRCA2 to higher mutational burden and to a STING-
mediated activation of the immune system (69), but also 
to an immune-suppressive tumor microenvironment (70) 
and to the absence of activated T-cells (71). Given to the 
low number of BRCA2 mutated patients in our series, we 
are not able to draw any conclusion; however, the role of 
BRCA2 alterations remains controversial and needs to be 
further evaluated in NSCLC patients, in particular when 
immunotherapy is administered. 

Among the other most common alterations, we detected 
nine non-classical EGFR mutations (Table S2). EGFR 
common alterations (i.e., exon 19 deletions and exon 
21 mutations) are associated with reduced efficacy of 
immunotherapy, but information about the impact of rare 
EGFR alterations on immunotherapy is unknown (72). In 
our series, the presence of non-classical EGFR mutations 
did not significantly affect patients’ outcome.

The main strengths of our study are the consecutive 
enrolment of patients referred to our center, the extensive 
performance of liquid biopsy in a real-world population 
and the possibility to analyze the results according to 
treatment. Our control group was adequate in terms 
of number of patients and of clinical and pathological 
homogeneity with study population. NGS multi-gene 
screening let us also establish the role of co-mutations, 
whose role in modulating oncogenic pathways is known 
and deserves further clinical validation (32,73-75). As a 

matter of fact, when analyzing KRAS, STK11 and TP53 
mutations and co-mutations according to treatment, 
the predictive value of STK11  co-mutation clearly  
emerged.

The present study has also some limitations. First, when 
analyzing STK11 status, we could technically evaluate point 
mutations (SNV) and small insertions and deletions, but not 
large deletions involving the STK11 gene, nor its epigenetic 
modifications, that can also account for STK11 inactivation 
(30,32,76). Therefore, our conclusions may underestimate 
the real impact of altered STK11 on patients’ response 
to immunotherapy. Second, the total number of STK11-
mutated cases or carrying other co-mutations was limited. 
Third, regarding the NGS gene panel used to test plasma 
samples in our series, other important gene alterations, 
such the ones affecting KEAP1, were not included. The 
KEAP1 pathway has a central role in protecting cells from 
oxidative and electrophilic stresses (77) and is disrupted 
in about 15% of NSCLC (78). KEAP1 mutational status 
and its epigenetic silencing are associated with poor 
prognosis and chemotherapeutic resistance in NSCLC (79). 
Furthermore, it seems to be also linked to an “immune-cold” 
tumor microenvironment (80,81) and, when present with a 
concurrent KRAS mutation, it was associated with shorter 
irPFS (57).

Conclusions

Our study depicts the role of liquid biopsy in detecting 
tumor genetic alterations with potential predictive impact 
in patients undergoing immunotherapy in clinical practice. 
While TP53 mutations showed to have prognostic value, we 
confirmed the predictive value of KRAS/STK11 and KRAS/
LKB1/TP53 mutations when detected in plasma.
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Plasma analysis performed in VISION trial

Circulating tumor DNA (ctDNA) was isolated and tested from freshly collected plasma samples. Cell free DNA (cfDNA) is 
extracted from a routine blood draw (custom collection kit with two 10 mL Streck tubes). 5.0–30 ng of ctDNA were extracted 
from plasma, enriched for targeted regions and undergoes digital library preparation including oligonucleotide barcoding of 
each strand in each individual DNA fragment. Complete sequencing was conducted using the Illumina platform (HiSeq 2500) 
and hg19 as the reference genome. Multi-analyte algorithms and bioinformatics were used to reconstruct the progenitor 
cfDNA fragment sequences. Quantitative reporting of single nucleotide variants mutant allele fraction (VAF) and gene copy 
numbers were reported. Genes included in Guardant360® test gene-panel (n=73) are the indicated below:

- AKT1, ALK, APC, AR, ARAF ARID1A, ATM, BRAF, BRCA1, BRCA2, CCND1, CCND2, CCNE1, CDH1, 
CDK4, CDK6, CDKN2A, CTNNB1, DDR2, EGFR, ERBB2, ESR1, EZH2, FBXW7, FGFR1, FGFR2, FGFR3, 
GATA3, GNA11, GNAQ, GNAS, HNF1A, HRAS, IDH1, IDH2, JAK2, JAK3, KIT, KRAS, MAP2K1, MAP2K2, 
APK1, MAPK3, MET, MLH1, MPL, MTOR, MYC, NF1, NFE2L2, NOTCH1, NPM1, NRAS, NTRK1, 
NTRK3, PDGFRA, PIK3CA, PTEN, PTPN11, RAF1, RB1, RET, RHEB, RHOA, RIT1, ROS1, SMAD4, SMO, 
STK11, TERT, TP53, TSC1 and VHL

Plasma analysis performed in MAGIC trial

Plasma samples were collected at baseline, i.e., at the time of first administration of systemic treatment and in two other 
time-points, as previously described by Zulato et al. (40). cfDNA was extracted from 3 to 5 mL of plasma using the QIAamp® 
circulating nucleic acid Kit (QIAGEN, Hilden, Germany). 2 to 25 ng of cfDNA were used for library preparation, following 
the protocol of Myriapod NGS-IL 56G (Diatech Pharmacogenetics Srl.) assay. The panel covers mutational hotspots of 56 
tumor-associated genes. Sequencing was performed with the Illumina MiSeq Sequencer in paired-end mode (2×151 cycles). 
Myriapod NGS Data Analysis Software was used for variant calling. Single nucleotide variants mutant allele fraction (VAF) 
and deletions/insertions were reported. Genes included in the Myriapod® NGS 56G Onco panel panel (n=56) are indicated 
below:

- ABL1, AKT1, ALK, APC, ATM, BRAF, CDH1, CDKN2A, CSF1R, CTNNB1, DDR2, DNMT3A, EGFR, 
ERBB2, ERBB4, EZH2, FBXW7, FGFR1, FGFR2, FGFR3, FLT3, FOXL2, GNA11, GNAQ, GNAS, HNF1A, 
HRAS, IDH1, IDH2, JAK2, JAK3, KDR, KIT, KRAS, MAP2K1, MET, MLH1, MPL, MSH6, NOTCH, NPM1, 
NRAS, PDGFRA, PIK3CA, PTEN, PTPN11, RB1, RET, STK11, SMAD4, SMARCB1, SMO, SRC, TP53, TSC1 
and VHL

Supplementary
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Table S1 KRAS, TP53 and STK11 gene alterations detected in 
study population

KRAS TP53 STK11

Code Alteration Code Alteration Code Alteration

V10 Q61R V10 R280G V104 E256*

V54 G12A P190R V136 H168L

V69 G12A P177L V162 Splice site SNV 

V79 G12A c.920-2del V169 K178*

V90 C80F 
(VUS)

V12 Y220B V184 Splice site SNV 

V96 G12V P278A V190 D277fs

V98 G12C V25 T81fs V197 E293*

V104 G12C V274G V199 E223*

V124 G12D P250L M54 G251V

V155 Q61L V26 K120R

V157 G12R H214R

V187 V14I S392fs

V189 G12F R248Q

V197 G12C V216M

V199 G12R V30 Y220C

V206 G12C V59 C238Y

V209 G12D V61 I162F

V212 G13E V67 R337C

V233 G12C V79 R306*

M129 G12C V80 S160fs

M289 G12V V81 H179R

M315 G13D V90 F270L

V91 R270T (VUS)

V94 I50T (VUS)

V96 H168L

V104 P301fs

V108 R158L

M246V

L257P

V125 R158L

V126 R175H

V136 R273C

Table S1 (continued)

Table S1 (continued)

KRAS TP53 STK11

Code Alteration Code Alteration Code Alteration

V142 H179R

V150 S240R

V155 W91*

V163 I195F

V169 V143fs

V183 H193N

V184 R249M

V190 C275Y

V196 E180K

V197 E171fs

V204 V157F 
(neutral)

V206 L369fs

V216 L111P

V220 V216L

L257Q

S241Y

V233 A159_
P177delinsK

V237 R337P

V240 Splice site 
SNV

M125 C277F 

M153 E258*

M240 V172D 

M247 A159P 

M263 M246V

R158L

M83 C275F

V274F 
(neutral)

M54 R333fs

M110 R248Q

M143 R273L

Table S1 (continued)

Table S1 (continued)

KRAS TP53 STK11

Code Alteration Code Alteration Code Alteration

M191 A159P

L130H

M243 R181P 

M276 E298*

M304 E343*

M315 K164E 

M270 M246L

M320 Y163C

*, Nonsense mutation: a point mutation that results in a 
premature stop codon. SNV, single nucleotide variant; Fs, frame 
shift. In italics gene alterations not considered for analysis, 
either being variants of unknown significance (VUS), or non-
pathogenic variants.
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Table S2 Other most common gene alterations detected in study 
population

Gene Code Alteration

EGFR V18 N771_H773dup

V26 Q812K (VUS)

V30 P644L

V79 Amplification 2+

V155 E114K

V190 S380T (VUS)

V196 E709_T710delinsD
Amplification 1+

V199 C307S (VUS)

V201 G652delinsER (VUS)

M153 T785= (VUS)

V158 A767_V769dup

V132 Amplification 1+

V220 Amplification 3+

MET V61 Exon 14 skipping mutation

V183 Exon 14 skipping mutation
Amplification 1+

V204 Exon 14 skipping mutation
Amplification 1+

V31 D1039N (VUS)

V132 E91* 
E967* 
Amplification 2+

V220 E34K (neutral)

V240 R469*

M269 S178= (neutral)

V26 Amplification 1+

V59 Amplification 2+

NF1 V30 L2209*

V80 H2457R (VUS)

V126 D1269Y (VUS)

V137 F694L (VUS)

V183 E524Q 
R1534*

V187 L1543P

V233 V2175I (VUS)

V237 P2246_R2247insL (VUS)

V240 Q1360E (VUS)

Table S2 (continued)

Table S2 (continued)

Gene Code Alteration

PIK3CA V26 E545K

V67 Amplification 1+

V97 E545K

V124 H1047R

V196 E545K

V201 E542K

V216 Amplification 2+

V233 T1025S

M153 I391M (neutral)

M240 I391M (neutral)

M304 E545K

ARID1A V13 Y454fs (VUS)

V81 Q564* (VUS)

V136 H782D (VUS)
Q1402H (VUS)

V157 Q1095fs (VUS)

V196 F1245L (VUS)

V212 M1564fs (VUS)

CCNE1 V79 Amplification 3+

V81 Amplification 1+

V108 Amplification 1+

V142 Amplification 1+

V158 Q277*

V184 Amplification 1+

V197 Amplification 1+

BRCA2 V125 T2350S (neutral)

V130 T2031A (VUS)

V136 R2888H (neutral)

V137 L3215fs (VUS)

V199 D1386Y

RB1 V81 R262Q

V96 I244K (VUS)

V199 S795S (VUS) 
R798fs

V206 C706F

V240 Splice site SNV

Table S2 (continued)

Table S2 (continued)

Gene Code Alteration

CDKN2A V136 L130Q

V197 D108N

V201 R80*

V240 R80*

143 A118*

PTEN V26 H123Y

V94 R130G

V240 S287*

M143 D92Y

M270 P96S

BRAF V61 Amplification 1+

V155 I326V

V183 Amplification 1+

M83 L597V

V187 V600E

APC V30 R332*

V80 Y1135C (VUS)

V190 I2083M (VUS)

V240 N32S

M191 S1503*

MTOR V18 I1118V (VUS)

V184 R1286Q

V240 T416I (VUS)

MYC V125 Amplification 3+

V132 Amplification 1+

V190 Amplification 2+

V197 Amplification 3+

FGFR1 V52 Amplification 3+

V125 E138K (VUS)

V216 Amplification 3+

AR V59 I184T (VUS)

V216 P135T (VUS)

V237 R856C

DDR2 V26 R611Q (VUS)

V31 L735M (VUS)

V94 R752H

Table S2 (continued)

Table S2 (continued)

Gene Code Alteration

KIT V81 D327H (VUS)

V96 E85K (neutral)

M269 M541L (neutral)

SMAD4 V61 R361C

V130 T349fs (VUS)

V183 E390*

PDGFRA V136 S91A (VUS)  
A90D (VUS)

V209 K964N

M269 V824= (neutral)

IDH1 V184 R132H

M216 G105= (neutral)

M237 G105= (neutral)

CTNNB1 V104 S37C

V201 S37F
S37C

M188 S45F (VUS)

*Nonsense mutation: a point mutation that results in a premature 
stop codon. SNV, single nucleotide variant; Fs, frame shift. In 
italics gene alterations not considered for analysis, either being 
variants of unknown significance (VUS), or non-pathogenic 
variants.
Gene amplification is expressed as:
- Low (1+): amplification magnitude is below the 50th percentile 

of amplifications;
- Medium (2+): amplification magnitude is between the 50th and 

90th percentiles;
- High (3+): amplification magnitude is above the 90th percentile.
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Table S3 P values of chi-squared test performed between clinical features and gene alterations

Smoker versus 
non-smoker

Adenocarcinoma versus  
other histotypes

PD-L1 TPS 
≥1%

PD-L1 TPS 
≥50%

Extrathoracic 
metastases

Liver metastases Bone 
metastases

TP53 0.019 0.446 0.462 0.658 0.013 0.055 0.156

*OR =4.020; 
P=0.023

*OR =1.703; 
P=0.010

KRAS 0.104 0.321 0.005 0.016 0.882 0.529 0.253

*OR =4.500; 
P=0.008

*OR =3.361; 
P=0.020

STK11 0.163 0.095 0.559 0.630 0.340 0.705 0.796

EGFR 0.246 0.162 0.506 0.219 0.537 0.053 0.289

MET 0.004 0.335 0.937 0.302 0.242 0.565 0.655

*OR =NC

NF1 0.735 0.091 0.835 0.918 0.625 0.637 0.800

PIK3CA 0.841 0.511 0.654 0.520 0.459 0.738 0.943

ARID1A 0.234 0.007 0.908 0.322 0.462 0.023 0.471

*OR =6.000; 
P=0.040

CCNE1 0.926 0.093 0.465 0.934 0.462 1.000 0.471

BRCA2 0.408 0.642 0.612 0.954 0.507 0.431 0.888

RB1 0.280 0.330 0.572 0.686 0.200 0.837 0.603

CDKN2A 0.919 0.031 0.192 0.548 0.048 0.377 0.616

*OR =NC

PTEN 0.900 0.907 0.210 0.119 0.276 0.363 0.637

BRAF 0.087 0.276 0.068 0.011 0.361 0.639 0.354

*OR =NC

APC 0.280 0.897 0.028 0.116 0.719 0.837 0.626

*OR =NC

MTOR 0.408 0.345 0.612 0.229 0.609 0.431 0.253

MYC 0.713 0.175 0.264 0.424 0.929 0.360 0.184

FGFR1 0.486 0.061 0.504 0.954 0.609 0.431 0.888

AR 0.486 0.642 0.612 0.954 0.066 0.431 0.253

DDR2 0.486 0.345 0.092 0.229 0.066 0.431 0.253

KIT 0.411 0.069 0.518 0.978 0.596 0.424 0.166

SMAD4 0.026 0.345 0.504 0.187 0.507 0.431 0.888

*OR =0.099; 
P=0.065

PDGFRA 0.411 0.069 0.518 0.978 0.520 0.434 0.912

IDH1 0.414 0.352 0.610 0.967 0.072 0.437 0.260

CTNN1 0.705 0.276 0.053 0.166 0.947 0.363 0.354

*, for significant associations, logistic regression test was tried and performed, in order to calculate odds ratio (OR). NC, not calculable.
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Table S4 Univariate and multivariate analysis of overall survival performed in the control group

Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Clinical variables

Gender (female) 0.768 0.413–1.427 0.403 – – –

Age 1.006 0.979–1.033 0.679 – – –

Smoking status 1.913 0.876–4.177 0.103 – – –

ECOG PS 2.310 1.222–4.365 0.010 1.531 0.795–2.946 0.203

Weight loss 4.133 2.169–7.875 <0.001 3.499 1.766–6.933 <0.001

Number of metastases 1.703 1.268–2.286 <0.001 1.246 0.870–1.837 0.218

Extrathoracic metastasis 1.958 1.035–3.701 0.039 0.665 0.274–1.615 0.368

Liver metastasis 2.021 0.885–4.619 0.095 – – –

Bone metastasis 3.181 1.689–5.991 <0.001 3.179 1.366-7.399 0.007

Molecular variables

TP53 alteration 1.498 1.105–2.029 0.009 1.422 1.045–1.936 0.025

KRAS alteration 2.999 1.525–5.899 0.001 2.701 1.362–5.356 0.004

STK11 alteration 1.166 0.922–1.475 0.199 – – –

KRAS/STK11 co-mutation 2.180 0.510–9.326 0.293 - – –

STK11/TP53 co-mutation 2.051 0.628–6.698 0.234 – – –

KRAS/STK11/TP53 co-mutation 2.411 0.324–17.913 0.390 – – –

CI, confidence interval; HR, hazard ratio.
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