
Citation: Sun, Y.; Li, Z.; Jian, H.; Xia,

L.; Lu, S. Impact of KRAS Mutation

Subtypes and Co-Occurring

Mutations on Response and Outcome

in Advanced NSCLC Patients

following First-Line Treatment. J.

Clin. Med. 2022, 11, 4003. https://

doi.org/10.3390/jcm11144003

Academic Editors: Sukhwinder

Singh Sohal and Pierachille Santus

Received: 7 June 2022

Accepted: 7 July 2022

Published: 11 July 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Clinical Medicine

Article

Impact of KRAS Mutation Subtypes and Co-Occurring
Mutations on Response and Outcome in Advanced NSCLC
Patients following First-Line Treatment
Yingjia Sun , Ziming Li, Hong Jian, Liliang Xia and Shun Lu *

Shanghai Lung Cancer Center, Shanghai Chest Hospital, Shanghai Jiao Tong University, Shanghai 200030, China;
yingjiasun@126.com (Y.S.); liziming1980@163.com (Z.L.); jianhong1964@163.com (H.J.); liliangxia@126.com (L.X.)
* Correspondence: shunlu@sjtu.edu.cn; Tel.: +86-021-22200000

Abstract: (1) Background: The purpose was to systematically assess the impact of KRAS subtypes
and co-mutations on responses of first-line treatment and outcomes by genetic classification in
advanced KRAS mutant NSCLC. (2) Methods: Molecular pathology was confirmed with NGS;
Kaplan–Meier analysis and Cox multivariate model were used to analyze the efficacy of first-line
treatment and prognosis in KRAS subgroups. (3) Results: Advanced KRAS mutant NSCLC was
confirmed among 183 patients, who received first-line therapy. The most common KRAS subtype
and co-mutation were G12C (29.5%) and TP53 (59.6%). ICIs/CHE group prolonged PFS to 16.9 m,
vs. (CHE)4.6 m vs. (CHE/BEV)7.0 m (p < 0.0001); mOS (ICIs/CHE)37.1 m vs. (CHE)19.8 m vs.
[CHE/BEV] 20.7 m (p = 0.024). PFS benefited to different degrees after first-line ICI-based treatment
in each genetic classification. KRAS G12D even benefited from OS (p = 0.045). CHE/BEV prolonged
mPFS of KRAS/STK11 co-mutation (p = 0.043), but decreased mPFS in G12A subtype (p = 0.026).
Multivariate analysis indicated that heavy smoking history (≥20 pack-years) (HR = 0.45, p = 0.039)
predicts optimistic prognosis; PS score 1 (HR = 3.604, p = 0.002) and KRAS/SMAD4 co-mutation
(HR = 4.293, p = 0.027) remained as independent predictors of shorter OS. (4) Conclusions: First-line
treatment with ICI benefited KRAS-mutant-NSCLC patients and resulted in non-negative predictive
value for any genetic classification. Bevacizumab should be cautiously chosen for patients with
KRAS G12A subtype but is recommended for KRAS/STK11 patients. KRAS/SMAD4 is a new
co-mutation genotype that displayed independent risk prognostic factors in patients with advanced
KRAS-mutant NSCLC.

Keywords: non-small cell lung cancer; KRAS mutation; co-mutation; first-line treatment; immune
checkpoint inhibitor

1. Introduction

KRAS mutation is detected in about 30% of cases of NSCLC in an advanced stage in the
Western population [1], and the incidence rate in the Chinese population is 9.8% [2], which
shows significant ethnic differences. Primary KRAS mutation was usually detected as an
exclusive driver mutation, which was mutually exclusive with other driver genes, such as
EGFR/ALK/BRAF/ROS1 [3–5]. As an essential driving gene, KRAS has been recognized
as an undruggable gene in the past few decades. The novel KRAS G12C inhibitors led by
Sotorasib [6] being approved by the FDA as second-line treatment made KRAS mutation
receive unprecedented attention again.

Most KRAS mutations occur in codon 12, whereas codons 13 and 61 are much less
frequently mutated. The most common KRAS mutation is G to T (G > T) transversion:
amino-acid replacements are glycine (Gly or G) by cysteine (Cys or C) (G12C) or valine
(Val or V) (G12V). G to A (G > A) transitions result in the substitution of glycine for
aspartate (Asp or D) (G12D) [7,8]. On the other hand, KRAS mutations often co-occur with
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non-oncogenes, such as TP53, STK11, and PIK3CA. There is increasing evidence that KRAS-
mutant NSCLC does not simply represent a homogeneous subgroup of lung cancer [9–11].
Various mutation subtypes and co-mutations of the KRAS gene constitute a complex
genotype profile. Each classification shows unique genetic and biological characteristics,
which lead to different clinical outcomes of KRAS-mutant NSCLC [1,5,9,12–15].

Nowadays, the first-line treatment for KRAS-mutant NSCLC is platinum-based chemother-
apy combined with or without ICIs [16,17]. However, the results of clinical trials are
stratified by KRAS-mutant versus KRAS-wild-type patients [18,19]. The reported stud-
ies have not analyzed first-line efficacy by systematically classifying the heterogeneity
of KRAS-mutant patients, especially for the Chinese population. Our study screened
untreated patients with advanced KRAS-mutant NSCLC. It explored the differences in
efficacy in respective first-line treatments by genotyping them through the analysis of
genome profiles to excavate the efficacy predictors of KRAS-mutant lung cancer and the
prognostic value of different genotypes.

2. Materials and Methods
2.1. Study Objectives

The primary objective of our study was to describe the progression-free survival
(PFS) and overall survival (OS) of NSCLC patients who received first-line treatment in each
subgroup carrying KRAS mutation, including subtypes and co-mutations. We also analyzed
the outcome of patients according to smoking status, ECOG score, and PD-L1 expression.

2.2. Patients

From October 2017 to September 2020, patients were screened in the study if they were
diagnosed as having advanced KRAS-mutant NSCLC with a baseline Eastern Cooperative
Oncology Group (ECOG) performance-status score of 0 or 1 and receiving standard first-line
treatment with complete follow-up information in Shanghai Chest Hospital. Tumor tissues
were available for two pathologists evaluated independently, and the PD-L1 expression
was displayed as TPS (PD-L1 IHC 22C3 pharmDx kit). Molecular pathology was confirmed
with 68 gene panel NGS (Burning Rock Biotech, Guangzhou, China). Patients with other
driver genes (EGFR, ALK, ROS1, BRAF, MET, etc.) were excluded.

2.3. Study Design and Assessments

Patients were divided into three groups according to different first-line treatments.
(1) ICIs/CHE: patients received treatment containing ICIs, combined or not combined with
chemotherapy. (2) CHE: patients received platinum-based chemotherapy only. (3) CHE/BEV:
patients received platinum-based chemotherapy combined with Bevacizumab. Stratified
analysis was performed according to KRAS subtypes, co-mutations, and PD-L1 expression.

2.4. End Points and Assessments

The endpoints were PFS and OS. PFS was measured from the date of the first-line
treatment to the date of progression or last follow-up. OS was measured from the date of
pathological diagnosis of advanced lung cancer to the date of death or last follow-up.

2.5. Capture-Based Targeted DNA Sequencing

DNA was extracted with the QIAamp DNA FFPE tissue kit (Qiagen, Hilden, Germany),
using Covaris M220 (Covaris, MA, USA) sheared DNA. Fragments of size 200–400 base
pairs (bp) were selected with a bead (Agencourt AMPure XP Kit, Beckman Coulter, Brea,
CA, USA). DNA template was hybridized with the capture probe bait, and then the hybrid
was selected again with magnetic beads and amplified by PCR. Qubit 2.0 fluorometer
with the dsDNA high-sensitivity assay kit (Life Technologies, Carlsbad, CA, USA) was
used to measure DNA concentration and quality. Samples were sequenced on Nextseq500
sequencer (Illumina, Inc., Madison, WI, USA). The genomic profiles were assessed with
68 gene Lung Core panel from Burning Rock Biotech (Guangzhou, China).
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2.6. Sequence-Data Analysis

Sequence data were mapped to the reference human genome (hg19) using Burrows-
Wheeler aligner (v.0.7.10, Heng Li, Cambridge, UK). Genome Analysis Tool Kit (v.3.2,
Aaron McKenna, MA, USA) and VarScan (v.2, Daniel C Koboldt, MO, USA) were used to
process local alignment optimization, variant calling, and annotation. Variants with depth
less than 100 were filtered using the VarScan. There was a minimum of five supporting
reads for INDELs and eight for SNV calling. SNP, which is defined as variants with
population frequency over 0.1% in ExAC, 1000 Genomes, dbSNP, ESP6500SI-V2 database,
was excluded from the analysis. The remaining variants were annotated with ANNOVAR
(v.3, Kai Wang, PA, USA) and SnpEff (v3.6, Pablo Cingolani, MI, USA). DNA translocation
analysis was performed using Tophat2 (Daehwan Kim, MD, USA) and Factera (v.1.4.3,
Aaron M. Newman, CA, USA).

2.7. Statistical Analysis

SPSS (version 25.0, Norman H. Nie, CHI, USA) statistical software was used for
data processing and analysis. Bioinformatics analyses were performed with R software
(version 3.4.0, Ross Ihaka, Auckland, New Zealand). Pearson chi-square test and Fisher’s
exact test were used to compare categorical data. The median follow-up time was calculated
with the reverse Kaplan–Meier method. PFS and OS between different groups were
compared with a Kaplan–Meier curve. Cox proportional hazard model was used to analyze
the prognostic value by removing confounding factors. The results are expressed as hazard
ratio (HR), 95% confidence interval, and p-value. Statistically significant difference was
defined as the p-value < 0.05.

3. Results
3.1. Clinical Characteristics and Genotype Subsection

From October 2017 to September 2020, KRAS-mutant lung cancer was detected, using
NGS, in 1132 patients in Shanghai Chest Hospital, Shanghai Jiaotong University. A total
of 183 patients who received standard first-line treatment were identified according to
the inclusion criteria. A total of 76 cases were screened in group ICIs/CHE, 74 cases in
group CHE, and 33 cases in CHE/BEV. The baseline characteristics of patients are shown
in Table 1. Of all patients, the average age was 63.1 years. The proportion of male patients
was far higher than females (86.9% vs. 17.1%). Heavy smokers were defined as more than
20 pack-years, which accounted for more of the sample (55.7%). The primary pathological
type was adenocarcinoma (82.5%), and most of the lesions occurred in the upper lobe lung
(70%). Among patients, 80.9% were diagnosed as stage IV at the first visit. Intrathoracic
metastasis accounted for 45.4%, and the most distant metastasis organ was bone (43.2%),
followed by brain (14.8%). PD-L1 expression was known in 114/183 patients. A total of
80/114 patients (70.2%) showed TPS ≥ 1%, and were more inclined to ICIs/CHE group
(p = 0.003).

Table 1. Baseline patient characteristics.

CHE/ICIs (N = 76) CHE (N = 74) CHE/BEV (N = 33) Total (N = 183) p-Value

Age—years old
Median 62.1 64.1 63.1 63.1
Range 31–81 47–76 47–77 31–81

Sex (%) 0.278
Male 63 (82.9%) 65 (87.8%) 31 (93.9%) 159 (86.9%)

Female 13 (17.1%) 9 (12.2%) 2 (6.1%) 24 (13.1%)

Disease stage (%) 0.094
III 18 (23.7%) 15 (20.3%) 2 (6.1%) 35 (19.1%)
IV 58 (76.3%) 59 (79.7%) 31 (93.9%) 148 (80.9%)
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Table 1. Cont.

CHE/ICIs (N = 76) CHE (N = 74) CHE/BEV (N = 33) Total (N = 183) p-Value

Smoking status (%) 0.569
More than 20 pack-years 43 (56.6%) 44 (59.5%) 16 (48.5%) 100 (54.6%)
Less than 20 pack-years 33 (43.4%) 30 (40.5%) 17 (51.5%) 83 (45.4%)

Lesion location 0.630
Upper left 20 (26.3%) 25 (33.8%) 13 (39.4%) 58 (31.7%)
Lower left 9 (11.8%) 10 (13.5%) 2 (6.1%) 21 (11.5%)

Upper right 32 (42.1%) 26 (35.1%) 12 (36.4%) 70 (38.3%)
Right middle 5 (6.6%) 1 (1.4%) 1 (3.0%) 7 (3.8%)
Lower right 10 (13.2%) 12 (16.2%) 4 (12.1%) 26 (14.2%)

ECOG PS score (%) 0.209
0 33 (%) 24 (32.4%) 16 (48.5%) 73 (39.9%)
1 43 (%) 50 (67.6%) 17 (51.5%) 110 (60.1%)

Histologic type (%) 0.174
Adenocarcinoma 59 (77.6%) 61 (82.4%) 31 (93.9%) 151 (82.5%)

Squamous carcinoma 3 (3.9%) 3 (4.1%) 0 (0%) 6 (3.3%)
NSCLC not otherwise

specified (NSCLC-NOS) 14 (18.4%) 8 (10.8%) 2 (6.1%) 22 (12.0%)

Neuroendocrine carcinoma 0 (0%) 2 (2.7%) 0 (0%) 2 (1.1%)

Metastatic organ (%) 0.847
Intrathoracic 25 (32.9%) 37 (50.0%) 21 (63.6%) 83 (45.4%)

Brain 10 (13.2%) 8 (10.8%) 9 (27.3%) 27 (14.8%)
Bone 28 (36.8%) 35 (47.3%) 16 (48.5%) 79 (43.2%)

Adrenal gland 11 (14.5%) 6 (8.1%) 5 (15.2%) 22 (12.0%)
Liver 3 (4.0%) 3 (4.1%) 2 (6.1%) 8 (4.4%)

Others 9 (11.8%) 9 (12.2%) 5 (15.2%) 23 (12.6%)

PD-L1 expression (%) N = 56/76(73.7%) N = 40/74(54.1%) N = 18/33 (54.5%) N = 114/183 (62.3%) 0.003
0 12 (21.4%) 11(27.5%) 11 (61.1%) 34 (29.8%)
≥1% 44 (78.6%) 29(72.5%) 7 (38.9%) 80 (70.2%)

In our study, the most common KRAS-mutation subtype was KRAS G12C (29.5%,
54/183 cases), followed by KRAS G12V (17.5%, 32/183 cases), KRAS G12D (15.3%, 28/183 cases),
and KRAS G12A (13.1%, 24/183 cases). In addition, KRAS mutations in codon 13 were
6.6% (12/183 cases), and KRAS codon 61 mutations were 10.4% (19/183 cases, 14 cases of
Q61H, 3 cases of Q61L, 1 case of Q61R, and 1 case of Q61K) (Figure 1).J. Clin. Med. 2022, 11, x FOR PEER REVIEW 5 of 15 
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Molecular profiles of KRAS-mutant NSCLC were sequenced with 68 lung cancer-
related gene NGS. This showed that TP53 was the most frequent co-mutation in our study
population (59.6%, 109/183 cases), followed by STK11 (18.6%, 34/183 cases). In addition,
ATM (14.2%, 25/183 cases), PIK3CA (8.7%, 15/183 cases), and SMAD4 (5.5%, 10/183 cases)
were common co-mutations. Figure 2 shows the molecular profiles of patients diagnosed
with advanced KRAS-mutant NSCLC classified based on gender, stage of disease, KRAS
subtypes, smoking status, first-line treatment group, and PD-L1 expression.
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3.2. Efficacy
3.2.1. Overall Population

The median follow-up time was 23 months, with September 2021 as the cut-off date.
133 patients had a PFS event endpoint, and 84 cases reached an OS endpoint. In the entire
cohort, the median PFS was 7.2 months (95% CI 6.0–8.4 m). The median PFS (in months) for
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each treatment group was 16.9 m (11.1–22.7 m) for ICIs/CHE, 4.6 m (3.4–5.8 m) for CHE,
and 7.0 m (5.6–8.4 m) for CHE/BEV (p < 0.0001). The stratified risk ratio of disease progres-
sion in the ICIs/CHE group was lower than in others (HR (ICIs/CHE vs. CHE] = 0.335,
95% CI: 0.221–0.508, p < 0.0001; HR (ICIs/CHE vs. CHE/BEV] = 0.405, 95% CI: 0.249–0.658,
p < 0.0001) (Figure 3A). As for the cut-off date, the median OS (in months) of the ICIs/CHE
group was more prolonged than the CHE group (37.1 m vs. 19.8 m; HR = 0.499, 95% CI:
0.297–0.838, p = 0.009) or the CHE/BEV group (37.1 m vs. 20.7 m; HR = 0.49, 95% CI:
0.264–0.91, p = 0.024) (Figure 3B). The objective response rate was higher in the ICIs/CHE
group (47.4%) than in the CHE group (31.1%) and the CHE/BEV group (21.2%) (Figure 3C).
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Figure 3. KaplanMeier estimates in the whole cohort (p < 0.05, statistical significance; p < 0.001,
significant statistical significance, red indicates); (A) Progression-free survival (ICIs/CHE vs. CHE vs.
CHE/BEV = 16.9 months vs. 4.6 months vs. 7.0 months, p < 0.0001); (B) Overall survival (ICIs/CHE
vs. CHE vs. CHE/BEV = 37.1 months vs. 19.8 months vs. 20.7 months, p = 0.014); (C) Objective
Response Rate (ICIs/CHE vs. CHE vs. CHE/BEV = 47.4% vs. 31.1% vs. 21.2%).
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3.2.2. Value of KRAS Subtypes

PFS in the first-line ICIs/CHE-treatment group showed different degrees of prolonga-
tion after stratified analysis of each KRAS subtype (Figure 4). The KRAS G12D subtype can
benefit from OS in the ICIs/CHE group (p = 0.045). KRAS G12C mutation is the most com-
mon subtype in both Chinese and Western populations, and first-line ICI treatment achieved
PFS benefits compared with non-ICI groups (ICIs/CHE vs. CHE vs. CHE/BEV = 7.2 m
[95% CI: 4.1–10.2] vs. 4 m [95% CI: 3.7–4.2] vs. 5 m [95% CI: 0–10.5], p = 0.014). However,
compared with non-G12C patients, mPFS in the ICI group was G12C 7.2 m vs. non-G12C
20.0 m (HR (G12C) = 2.424, 95% CI: 1.251–4.696, p = 0.009). The same results were found
in the CHE group; mPFS was G12C 4.0 m vs. non-G12C 5.6 m (p = 0.014). In the KRAS
G12A subtype, we found the risk of disease progression was higher in the CHE/BEV group
than in the CHE group (HR = 3.742, 95% CI: 0.917–15.273, p = 0.066). Analyzing BEV/CHE
group data separately showed that mPFS decreased significantly in G12A compared with
non-G12A patients (3.2 m vs.7.7 m, p = 0.026).
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Figure 4. Kaplan–Meier PFS curve of three treatment groups in each KRAS subtype; The blue curve
represents ICIs/CHE group, the red curve represents CHE group, and the green line represents
CHE/BEV group (p < 0.05, statistical significance; p < 0.001, significant statistical significance, red
indicates. p ≥ 0.05, no statistical significance, black indicates); (A) KRAS G12C; (B) KRAS non-G12C;
(C) KRAS G12V; (D) KRAS G12D; (E) KRAS G12A; (F) KRAS Q61x.

3.2.3. Value of Co-Occurring Mutations

Co-occurring mutation, as an important stratification factor of KRAS-mutant NSCLC,
was analyzed. The analysis showed that KRAS/TP53 significantly prolonged mPFS to
18.7 m in the first-line ICIs/CHE group versus 6.1 m in the CHE group and 6.8 m in the
CHE/BEV group (p < 0.0001). For patients with KRAS/ATM co-mutation, chemotherapy
alone will lead to PFS shortening (p = 0.015). Results showed a tendency to benefit from
mPFS in the CHE/BEV group for patients who carried KRAS/STK11 co-mutation, although
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the value was in a critical state (ICIs/CHE vs. CHE vs. CHE/BEV = 4.4 m [95% CI:
2.6–6.1 m] vs. 3.9 m [95% CI: 3.0–4.7 m] vs. 7.0 m [95% CI: 5.0–9.0 m], p = 0.043). For
patients with KRAS/SMAD4, there was no difference in the efficacy of the three treatment
methods (p = 0.699) (Figure 5). In patients with STK11 co-mutation, we additionally found
the efficacy in the ICIs/CHE group was significantly worse than non-STK11 (mPFS (STK11)
4.4 m vs. (non-STK11) 19.1 m, HR (STK11) = 2.808, 95% CI: 1.255–6.283, p = 0.012); the same
in CHE group, mPFS = (STK11) 3.9 m vs. (non-STK11) 5.6 m (p = 0.004).
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3.3. Prognosis

Univariate analysis based on each KRAS subtype showed the prognosis of G12V sub-
type was significantly better than non-G12V; mOS was 39.7 m vs. 21.3 m (HR(G12V) = 0.373,
95% CI: 0.179–0.777, p = 0.008). However, Q61x was a poor prognostic factor in which
mOS was only 13.4 m vs. 29.7 m in non-Q61x (HR(Q61x) = 2.017, 95% CI: 1.129–3.604,
p = 0.028). In addition, the G12C subtype showed a poor prognostic trend without statistical
significance (HR(G12C) = 1.424, 95% CI: 0.901–2.248, p = 0.13) (Figure 6A).
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As for co-mutation, the results showed that KRAS/SMAD4 type was significantly cor-
related with poor prognosis. Compared with the non-SMAD4 group, mOS was 8.5 months
in KRAS/SMAD4 vs. 24.4 months in KRAS/non-SMAD4 (HR(SMAD4) = 2.59, 95% CI:
1.187–5.651, p = 0.035). STK11 also predicted a poor prognosis, although it did not reach
statistical difference, but increased the risk of death by 45% (HR(STK11) = 1.445, 95% CI:
0.866–2.413, p = 0.159) (Figure 6B).

Clinical and molecular variables were included in Cox regression analysis. The uni-
variate analysis identified gender, smoker, PS score, stage of disease, KRAS mutation G12V
or Q61x, and SMAD4 co-mutation as factors affecting the OS. In addition, the expression
of PD-L1 (stratified by TPS ≥ 1%), STK11, gender, and smoking history were added as
factors that may affect the outcome of Cox analysis (Table 2). In the multivariate Cox
model, KRAS/SMAD (HR = 4.239, p = 0.027) and PS1′ (HR = 3.604, p = 0.002) remained as
independent factors for poor prognosis. In contrast, the history of heavy smoking showed
independent good prognostic value (HR = 0.45, p = 0.039) (Table 2).

Table 2. Prognostic correlation factors (* p < 0.05, ** p < 0.001).

Variable
Univariate Analysis Multivariate Analysis

HR 95% CI p HR 95% CI p

Gender
Male 1

Female 0.593 0.273–1.287 0.186 0.481 0.172–1.347 0.164

performance
status, PS

0 1
1 2.212 1.379–3.546 0.001 ** 3.604 1.630–7.967 0.002 *

Stage
III 1
IV 2.722 1.255–5.908 0.011 * 1.191 0.473–2.999 0.711
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Table 2. Cont.

Variable
Univariate Analysis Multivariate Analysis

HR 95% CI p HR 95% CI p

Smoker
<20 pack-year 1
≥20 pack-year 0.958 0.620–1.481 0.847 0.450 0.210–0.962 0.039 *

PD-L1
0% 1
≥1% 0.292 0.377–1.341 0.711 1.504 0.629–3.595 0.359

G12V
non-G12V 1

G12V 0.373 0.179–0.777 0.008 * 0.432 0.148–1.257 0.124

Q61x
non-Q61x 1

Q61x 1.961 1.079–3.563 0.027 * 1.267 0.478–3.358 0.634

STK11
non-STK11 1

STK11 1.445 1.445–2.413 0.159 2.359 0.947–5.877 0.065

SMAD4
non-SMAD4 1

SMAD4 2.590 1.187–5.651 0.017 * 4.293 1.179–15.628 0.027 *

4. Discussion

With the development of treatment and the popularization of NGS, a first-line treat-
ment scheme for NSCLC patients is to bring forth the new through the old. KRAS G12C
inhibitors, such as AMG510 (Sotorasib) and MRTX849 (Adagrasib), have only been ap-
proved by FDA for second-line treatment. For a long time, due to the unique biological
heterogeneity and ethnic differences of KRAS mutation, the reported research conclusions
have been controversial. We report the first intergroup study of KRAS patients in the
Asian race with a complete follow-up process from the initial diagnosis stage, showing the
difference in therapeutic effect and prognosis of advanced KRAS-mutant NSCLC in three
first-line treatments under stratified factors according to molecular profiles.

The genomic profile directly reflects the differences between Chinese and Western
populations. KRAS is the first driving gene in Western populations, and the proportion of
mutant subtypes is G12C (46%) and G12V (16%) [12]. On the other hand, in the Chinese
population, KRAS incidence is lower than EGFR. In our cohort, the subtype distribution
is G12C (29.5%), G12V (17.5%), and G12D (15.3%), which is consistent with the epidemi-
ological survey in China [20,21]. In terms of CO mutation, our study showed that TP53
(59.6%) is significantly higher than 42% of the Western population. The incidence of STK11
in 18.6% is lower than that in the Western population (29%) [9].

Nowadays, first-line standard treatment of KRAS-mutant lung cancer is based on
chemotherapy, combined with or without ICIs [16,22]. Our study of the efficacy of KRAS
mutation in the overall population concluded that ICIs/CHE significantly prolonged PFS
(p < 0.0001) and OS (p = 0.014), which is consistent with the existing reported conclu-
sions [18,19]. KRAS mutations are more often associated with heavy smoking, higher
tumor mutation burden (TMB), and PD-L1 expression mediated by ERK activation and a
high level of tumor-infiltrating lymphocytes (TILs) [23,24]. By analyzing KRAS subtypes,
it was found that the PFS of each subtype in the first-line ICI/Che group was prolonged
to varying degrees. Nevertheless, only KRAS G12D type had survival benefits (p = 0.045).
This critical value result may be related to the independent adverse prognostic value
of KRAS G12D [25]. The potential beneficial effect of ICIs in KRAS G12D patients sug-
gested that immunotherapy should be the recommended treatment for the G12D subtype.
KRAS/TP53 in the co-mutant sort indicates high expression of immune checkpoint effector
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molecules [23,26]. In our cohort, it was observed that KRAS/TP53 obtained a significant
prolongation of PFS in the ICIs/CHE group (p < 0.0001). STK11 is an adverse prognostic
factor due to its inert immunosuppressive environment [27]. We found no significant
difference between first-line ICI treatment versus other regimens in KRAS/STK11 patients
(p = 0.126), even if it could reduce the risk of disease progression by 52%, suggesting that
KRAS/STK11 is not a contraindication of immunotherapy.

Few reports on the effect of antiangiogenic therapy on KRAS-mutant lung cancer
indicated that, compared with chemotherapy, the addition of Bevacizumab seemed to
have an adverse treatment response [28,29]. In our study, hierarchical analysis suggested
that the addition of Bevacizumab based on chemotherapy cannot improve the PFS or OS.
We even found that the KRAS G12A subtype was an adverse predictor of Bevacizumab
(it increased the risk of disease progression by 3.7 times compared with chemotherapy
only, p = 0.026). We observed that chemotherapy plus Bevacizumab benefited the PFS
of KRAS/STK11 co-mutation type (p = 0.043). Bonanno et al. found in the PDX model
that Bevacizumab reduced the risk of death in NSCLC patients with STK11 mutation by
downregulating the activation of AMPK [30]. Analysis of IMPOWER 150 also presented
that, for the subgroup of patients with KRAS-mutant lung cancer carrying STK11 and/or
Keap1 simultaneously, Atezolizumab combined with Bevacizumab and chemotherapy is
an effective first-line treatment [5]. These results suggest that antiangiogenic therapy may
be a treatment scheme in KRAS/STK11. Look forward to future research to confirm these
concepts. Based on the above, our results showed the different impacts of KRAS-mutation
subtypes and co-mutations on the efficacy of first-line treatment. We propose that the
treatment strategies for KRAS-mutant patients should be based on the status of subtypes
and co-mutations.

The prognostic value of KRAS-mutant NSCLC has been controversial since the
1980s [13,31], with researchers revealing that the prognosis was worse for patients in
China [32]. Although smoking is a clear risk factor for inducing cancer, our results observed
that the OS of heavy smokers was prolonged after Cox model correction. Meta-analysis
suggested that smokers may benefit more from immunotherapy due to the influence of
cigarettes on the tumor microenvironment [33]. The positive prognosis in our study of
heavy smokers may be related to the fact that 41.5% of cases received ICIs-included treat-
ment. Our results showed that KRAS mutation subtype did not have an independent
prognostic value in multivariate correction. Univariate conclusion: the benefit of OS in
patients with the KRAS G12V subtype may be due to the positive efficacy of ICIs by G12V
mutation upregulating PD-L1 expression through the TGF-β/EMT-signaling pathway [34].
Western and Chinese studies suggested that the KRAS G12C subtype had a worse prognosis
than KRAS wild-type NSCLC [2,12]. In our cohort, the G12C subtype was observed with
an increased risk of death of 42.4% versus non-G12C patients. It suggested that even com-
pared with KRAS non-G12C patients, the KRAS G12C subtype also manifested a potential
negative prognosis.

There is growing evidence that the presence of co-mutations affects tumor character-
istics and biological behavior, which alter prognosis [5]. However, there are inconsistent
conclusions concerning the significance of prognosis [9,35]. The analysis result of our study
suggested that the most co-mutation type KRAS/TP53 did not have prognostic value, and
although KRAS/STK11 shows a downward trend in OS, the statistical difference in prognos-
tic value is not significant. SMAD4 co-mutation was an independent negative prognostic
value in Kaplan–Meier univariate analysis and COX multivariate adjustment. Therefore,
we proposed KRAS/SMAD4 as a novel classification of KRAS mutant NSCLC, which man-
ifested as a low rate of response to standard first-line treatment. SMAD4 plays the critical
intracellular signal transduction mediator in the TGF-β pathway; the protein deletion is
currently associated with lymph-node metastases, increased angiogenesis in vitro, and
more aggressive tumor behavior in patients [36,37]. Our study showed that the incidence
of SMAD4 co-mutations in KRAS-mutant lung-cancer patients was 5.5%, higher than in the
NSCLC population at 2.5%. Furthermore, the KRAS/SMAD4 co-mutant type seemed to be
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associated with low expression of PD-L1. Research demonstrated that SMAD4-mediated
binding to the Rorc locus promotes the differentiation and maturation of Th17 lympho-
cytes [38], which exacerbate cancer migration and metastatic spreading [39]. The role of
KRAS/SMAD4 in the tumor microenvironment has additional value for exploration.

There may be some survivor bias in our data due to the retrospective study, and
some classifications involved a small sample size. The results can be further supported by
expanding the sample size and conducting prospective studies. The conclusions of our
study are intended to provide clinicians with a reference for making first-line therapeutic
regimes for patients with KRAS-mutant NSCLC.

5. Conclusions

In conclusion, the clinical outcome of KRAS-mutant NSCLC patients benefits from
a first-line ICI-based therapeutic regime to varying degrees. Outcomes for patients with
KRAS/SMAD4 co-mutation were inferior, which we propose as a novel and treatment-
insensitive genotype. Patients with KRAS G12A subtype should avoid Bevacizumab;
however, it may become a treatment option for KRAS/STK11-co-mutation patients.

Author Contributions: Conceptualization, Y.S., Z.L. and S.L.; methodology, L.X. and Z.L.; soft-
ware, Y.S.; validation, Y.S. and Z.L.; formal analysis, H.J.; investigation, Y.S.; data curation, Y.S.;
writing—original draft preparation, Y.S.; writing—review and editing, Z.L. and S.L.; visualization,
Y.S.; supervision, S.L. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by funds provided to Lu by the National Natural Science
Foundation of China (82030045, 82072564), National Key R&D Program of China (2016YFC1303300),
Shanghai Municipal Science & Technology Commission Research Project (17431906103, 19411950500),
Project of Shanghai Natural Science Foundation (20ZR1452000), Shanghai Chest Hospital Project of
Collaborative Innovation (YJXT20190105, YJXT20190209) and the Clinical Research Plan of SHDC
(16CR3005A, 2020CR5001).

Institutional Review Board Statement: All procedures performed in studies involving human
participants followed the ethical standards of the institutional review board of Shanghai Chest
Hospital and the Helsinki Declaration (as revised in 2013). All patients provided written informed
consent to participate.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets developed and analyzed during this study are available
from the corresponding author upon reasonable request.

Acknowledgments: We would like to thank all the colleagues in our research team.

Conflicts of Interest: The authors declare that they have no conflict of interest.

References
1. Skoulidis, F.; Heymach, J.V. Co-occurring genomic alterations in non-small-cell lung cancer biology and therapy. Nat. Rev. Cancer

2019, 19, 495–509. [CrossRef] [PubMed]
2. Liu, S.-Y.; Sun, H.; Zhou, J.-Y.; Jie, G.-L.; Xie, Z.; Shao, Y.; Zhang, X.; Ye, J.-Y.; Chen, C.-X.; Zhang, X.-C.; et al. Clinical characteristics

and prognostic value of theKRAS G12Cmutation in Chinese non-small cell lung cancer patients. Biomark. Res. 2020, 8, 22.
[CrossRef] [PubMed]

3. Adachi, Y.; Ito, K.; Hayashi, Y.; Kimura, R.; Tan, T.Z.; Yamaguchi, R.; Ebi, H. Epithelial-to-Mesenchymal Transition is a Cause
of Both Intrinsic and Acquired Resistance to KRAS G12C Inhibitor in KRAS G12C-Mutant Non-Small Cell Lung Cancer. Clin.
Cancer Res. 2020, 26, 5962–5973. [CrossRef]

4. Renaud, S.; Seitlinger, J.; Falcoz, P.-E.; Schaeffer, M.; Voegeli, A.-C.; Le Legrain, M.; Beau-Faller, M.; Massard, G. Specific KRAS
amino acid substitutions and EGFR mutations predict site-specific recurrence and metastasis following non-small-cell lung cancer
surgery. Br. J. Cancer 2016, 115, 346–353. [CrossRef]

5. West, H.J.; McCleland, M.; Cappuzzo, F.; Reck, M.; Mok, T.S.; Jotte, R.M.; Nishio, M.; Kim, E.; Morris, S.; Zou, W.; et al. Clinical
efficacy of atezolizumab plus bevacizumab and chemotherapy in KRAS-mutated non-small cell lung cancer with STK11, KEAP1,
or TP53 comutations: Subgroup results from the phase III IMpower150 trial. J. Immunother. Cancer 2022, 10, e003027. [CrossRef]

http://doi.org/10.1038/s41568-019-0179-8
http://www.ncbi.nlm.nih.gov/pubmed/31406302
http://doi.org/10.1186/s40364-020-00199-z
http://www.ncbi.nlm.nih.gov/pubmed/32607238
http://doi.org/10.1158/1078-0432.CCR-20-2077
http://doi.org/10.1038/bjc.2016.182
http://doi.org/10.1136/jitc-2021-003027


J. Clin. Med. 2022, 11, 4003 13 of 14

6. Hong, D.S.; Fakih, M.G.; Strickler, J.H.; Desai, J.; Durm, G.A.; Shapiro, G.I.; Falchook, G.S.; Price, T.J.; Sacher, A.; Denlinger,
C.S.; et al. KRAS(G12C) Inhibition with Sotorasib in Advanced Solid Tumors. N. Engl. J. Med. 2020, 383, 1207–1217. [CrossRef]
[PubMed]

7. Dogan, S.; Shen, R.; Ang, D.C.; Johnson, M.L.; D’Angelo, S.P.; Paik, P.K.; Brzostowski, E.B.; Riely, G.J.; Kris, M.G.; Zakowski, M.F.;
et al. Molecular Epidemiology of EGFR and KRAS Mutations in 3,026 Lung Adenocarcinomas: Higher Susceptibility of Women
to Smoking-Related KRAS-Mutant Cancers. Clin. Cancer Res. 2012, 18, 6169–6177. [CrossRef]

8. Dumenil, C.; Vieira, T.; Rouleau, E.; Antoine, M.; Duruisseaux, M.; Poulot, V.; Lacave, R.; Cadranel, J.; Massiani, M.-A.; Wislez, M.
Is there a specific phenotype associated with the different subtypes of KRAS mutations in patients with advanced non-small-cell
lung cancers? Lung Cancer 2015, 90, 561–567. [CrossRef]

9. Arbour, K.C.; Jordan, E.; Kim, H.R.; Dienstag, J.; Yu, H.A.; Sanchez-Vega, F.; Lito, P.; Berger, M.; Solit, D.B.; Hellmann, M.; et al.
Effects of Co-occurring Genomic Alterations on Outcomes in Patients with KRAS-Mutant Non-Small Cell Lung Cancer. Clin.
Cancer Res. 2018, 24, 334–340. [CrossRef]

10. Skoulidis, F.; Byers, L.A.; Diao, L.; Papadimitrakopoulou, V.A.; Tong, P.; Izzo, J.; Behrens, C.; Kadara, H.; Parra, E.R.; Canales, J.R.;
et al. Co-occurring Genomic Alterations Define Major Subsets of KRAS-Mutant Lung Adenocarcinoma with Distinct Biology,
Immune Profiles, and Therapeutic Vulnerabilities. Cancer Discov. 2015, 5, 860–877. [CrossRef]

11. Zer, A.; Ding, K.; Lee, S.M.; Goss, G.D.; Seymour, L.; Ellis, P.M.; Hackshaw, A.; Bradbury, P.A.; Han, L.; O’Callaghan, C.J.;
et al. Pooled Analysis of the Prognostic and Predictive Value of KRAS Mutation Status and Mutation Subtype in Patients with
Non-Small Cell Lung Cancer Treated with Epidermal Growth Factor Receptor Tyrosine Kinase Inhibitors. J. Thorac. Oncol. 2016,
11, 312–323. [CrossRef] [PubMed]

12. Arbour, K.C.; Rizvi, H.; Plodkowski, A.J.; Hellmann, M.D.; Knezevic, A.; Heller, G.; Yu, H.A.; Ladanyi, M.; Kris, M.G.; Arcila, M.E.;
et al. Treatment Outcomes and Clinical Characteristics of Patients with KRAS-G12C-Mutant Non-Small Cell Lung Cancer. Clin.
Cancer Res. 2021, 27, 2209–2215. [CrossRef] [PubMed]

13. Shepherd, F.A.; Domerg, C.; Hainaut, P.; Jaenne, P.A.; Pignon, J.-P.; Graziano, S.; Douillard, J.-Y.; Brambilla, E.; Le Chevalier, T.;
Seymour, L.; et al. Pooled Analysis of the Prognostic and Predictive Effects of KRAS Mutation Status and KRAS Mutation Subtype
in Early-Stage Resected Non-Small-Cell Lung Cancer in Four Trials of Adjuvant Chemotherapy. J. Clin. Oncol. 2013, 31, 2173–2181.
[CrossRef]

14. Skoulidis, F.; Goldberg, M.E.; Greenawalt, D.M.; Hellmann, M.D.; Awad, M.M.; Gainor, J.F.; Schrock, A.B.; Hartmaier, R.J.;
Trabucco, S.E.; Gay, L.; et al. STK11/LKB1 Mutations and PD-1 Inhibitor Resistance in KRAS-Mutant Lung Adenocarcinoma.
Cancer Discov. 2018, 8, 822–835. [CrossRef]

15. Tomasini, P.; Mascaux, C.; Jao, K.; Labbe, C.; Kamel-Reid, S.; Stockley, T.; Hwang, D.M.; Leighl, N.B.; Liu, G.; Bradbury, P.A.; et al.
Effect of Coexisting KRAS and TP53 Mutations in Patients Treated With Chemotherapy for Non-small-cell Lung Cancer. Clin.
Lung Cancer 2019, 20, E338–E345. [CrossRef]

16. Gandhi, L.; Rodriguez-Abreu, D.; Gadgeel, S.; Esteban, E.; Felip, E.; De Angelis, F.; Domine, M.; Clingan, P.; Hochmair, M.J.;
Powell, S.F.; et al. Pembrolizumab plus Chemotherapy in Metastatic Non-Small-Cell Lung Cancer. N. Engl. J. Med. 2018, 378,
2078–2092. [CrossRef] [PubMed]

17. Paz-Ares, L.; Luft, A.; Vicente, D.; Tafreshi, A.; Gumus, M.; Mazieres, J.; Hermes, B.; Senler, F.C.; Csoszi, T.; Fulop, A.; et al.
Pembrolizumab plus Chemotherapy for Squamous Non-Small-Cell Lung Cancer. N. Engl. J. Med. 2018, 379, 2040–2051. [CrossRef]

18. Gadgeel, S.; Rodriguez-Abreu, D.; Felip, E.; Esteban, E.; Speranza, G.; Reck, M.; Hui, R.; Boyer, M.; Garon, E.B.; Horinouchi, H.;
et al. KRAS mutational status and efficacy in KEYNOTE-189: Pembrolizumab (pembro) plus chemotherapy (chemo) vs. placebo
plus chemo as first-line therapy for metastatic non-squamous NSCLC. Ann. Oncol. 2019, 30, 64–65. [CrossRef]

19. Herbst, R.S.; Lopes, G.; Kowalski, D.M.; Kasahara, K.; Wu, Y.L.; De Castro, G., Jr.; Cho, B.C.; Turna, H.Z.; Cristescu, R.;
Aurora-Garg, D.; et al. Association of KRAS mutational status with response to pembrolizumab monotherapy given as first-line
therapy for PD-L1-positive advanced non-squamous NSCLC in KEYNOTE-042. Ann. Oncol. 2019, 30, 63–64. [CrossRef]

20. Cai, D.; Hu, C.; Li, L.; Deng, S.; Yang, J.; Han, H.-Z.; Li, M. The prevalence and prognostic value of KRAS co-mutation subtypes in
Chinese advanced non-small cell lung cancer patients. Cancer Med. 2020, 9, 84–93. [CrossRef]

21. Jia, Y.; Jiang, T.; Li, X.; Zhao, C.; Zhang, L.; Zhao, S.; Liu, X.; Qiao, M.; Luo, J.; Shi, J.; et al. Characterization of distinct types of
KRAS mutation and its impact on first-line platinum-based chemotherapy in Chinese patients with advanced non-small cell lung
cancer. Oncol. Lett. 2017, 14, 6525–6532. [CrossRef]

22. Reck, M.; Rodriguez-Abreu, D.; Robinson, A.G.; Hui, R.; Csoszi, T.; Fulop, A.; Gottfried, M.; Peled, N.; Tafreshi, A.; Cuffe, S.; et al.
Pembrolizumab versus Chemotherapy for PD-L1-Positive Non-Small-Cell Lung Cancer. N. Engl. J. Med. 2016, 375, 1823–1833.
[CrossRef] [PubMed]

23. Dong, Z.-Y.; Zhong, W.-Z.; Liu, S.Y.; Xie, Z.; Wu, S.-P.; Wu, Y.L. Potential Predictive Value of TP53 and KRAS Mutation Status for
Response to PD-1 Blockade Immunotherapy in Lung Adenocarcinoma. J. Thorac. Oncol. 2017, 12, S432–S433. [CrossRef]

24. Liu, C.; Zheng, S.; Jin, R.; Wang, X.; Wang, F.; Zang, R.; Xu, H.; Lu, Z.; Huang, J.; Lei, Y.; et al. The superior efficacy of
anti-PD-1/PD-L1 immunotherapy in KRAS-mutant non-small cell lung cancer that correlates with an inflammatory phenotype
for updates and increased immunogenicity. Cancer Lett. 2020, 470, 95–105. [CrossRef] [PubMed]

25. Aredo, J.V.; Padda, S.K.; Kunder, C.A.; Han, S.S.; Neal, J.W.; Shrager, J.B.; Wakelee, H.A. Impact of KRAS mutation subtype and
concurrent pathogenic mutations on non-small cell lung cancer outcomes. Lung Cancer 2019, 133, 144–150. [CrossRef]

http://doi.org/10.1056/NEJMoa1917239
http://www.ncbi.nlm.nih.gov/pubmed/32955176
http://doi.org/10.1158/1078-0432.CCR-11-3265
http://doi.org/10.1016/j.lungcan.2015.10.012
http://doi.org/10.1158/1078-0432.CCR-17-1841
http://doi.org/10.1158/2159-8290.CD-14-1236
http://doi.org/10.1016/j.jtho.2015.11.010
http://www.ncbi.nlm.nih.gov/pubmed/26749487
http://doi.org/10.1158/1078-0432.CCR-20-4023
http://www.ncbi.nlm.nih.gov/pubmed/33558425
http://doi.org/10.1200/JCO.2012.48.1390
http://doi.org/10.1158/2159-8290.CD-18-0099
http://doi.org/10.1016/j.cllc.2018.12.009
http://doi.org/10.1056/NEJMoa1801005
http://www.ncbi.nlm.nih.gov/pubmed/29658856
http://doi.org/10.1056/NEJMoa1810865
http://doi.org/10.1093/annonc/mdz453.002
http://doi.org/10.1093/annonc/mdz453.001
http://doi.org/10.1002/cam4.2682
http://doi.org/10.3892/ol.2017.7016
http://doi.org/10.1056/NEJMoa1606774
http://www.ncbi.nlm.nih.gov/pubmed/27718847
http://doi.org/10.1016/j.jtho.2016.11.504
http://doi.org/10.1016/j.canlet.2019.10.027
http://www.ncbi.nlm.nih.gov/pubmed/31644929
http://doi.org/10.1016/j.lungcan.2019.05.015


J. Clin. Med. 2022, 11, 4003 14 of 14

26. Gu, M.; Xu, T.; Chang, P. KRAS/LKB1 and KRAS/TP53 co-mutations create divergent immune signatures in lung adenocarcino-
mas. Ther. Adv. Med. Oncol. 2021, 13, 1–13. [CrossRef]

27. Pons-Tostivint, E.; Lugat, A.; Fontenau, J.F.; Denis, M.G.; Bennouna, J. STK11/LKB1 Modulation of the Immune Response in
Lung Cancer: From Biology to Therapeutic Impact. Cells 2021, 10, 3129. [CrossRef]

28. Chaft, J.E.; Rusch, V.; Ginsberg, M.S.; Paik, P.K.; Finley, D.J.; Kris, M.G.; Price, K.A.R.; Azzoli, C.G.; Fury, M.G.; Riely, G.J.;
et al. Phase II trial of neoadjuvant bevacizumab plus chemotherapy and adjuvant bevacizumab in patients with resectable
nonsquamous non-small-cell lung cancers. J. Thorac. Oncol. Off. Publ. Int. Assoc. Study Lung Cancer 2013, 8, 1084–1090. [CrossRef]
[PubMed]

29. Ghimessy, A.K.; Gellert, A.; Schlegl, E.; Hegedus, B.; Raso, E.; Barbai, T.; Timar, J.; Ostoros, G.; Megyesfalvi, Z.; Gieszer, B.; et al.
KRAS Mutations Predict Response and Outcome in Advanced Lung Adenocarcinoma Patients Receiving First-Line Bevacizumab
and Platinum-Based Chemotherapy. Cancers 2019, 11, 1514. [CrossRef]

30. Bonanno, L.; De Paoli, A.; Zulato, E.; Esposito, G.; Calabrese, F.; Favaretto, A.; Santo, A.; Del Conte, A.; Chilosi, M.; Oniga, F.;
et al. LKB1 Expression Correlates with Increased Survival in Patients with Advanced Non-Small Cell Lung Cancer Treated with
Chemotherapy and Bevacizumab. Clin. Cancer Res. 2017, 23, 3316–3324. [CrossRef]

31. Rodenhuis, S.; van de Wetering, M.L.; Mooi, W.J.; Evers, S.G.; van Zandwijk, N.; Bos, J.L. Mutational activation of the K-ras
oncogene. A possible pathogenetic factor in adenocarcinoma of the lung. N. Engl. J. Med. 1987, 317, 929–935. [CrossRef] [PubMed]

32. Meng, D.; Yuan, M.; Li, X.; Chen, L.; Yang, J.; Zhao, X.; Ma, W.; Xin, J. Prognostic value of K-RAS mutations in patients with
non-small cell lung cancer: A systematic review with meta-analysis. Lung Cancer 2013, 81, 1–10. [CrossRef] [PubMed]

33. Zhao, W.; Jiang, W.; Wang, H.; He, J.; Su, C.; Yu, Q. Impact of Smoking History on Response to Immunotherapy in Non-Small-Cell
Lung Cancer: A Systematic Review and Meta-Analysis. Front. Oncol 2021, 11, 703143. [CrossRef] [PubMed]

34. Pan, L.-N.; Ma, Y.-F.; Li, Z.; Hu, J.-A.; Xu, Z.-H. KRAS G12V mutation upregulates PD-L1 expression via TGF-beta/EMT signaling
pathway in human non-small-cell lung cancer. Cell Biol. Int. 2021, 45, 795–803. [CrossRef]

35. Gu, J.; Zhou, Y.; Huang, L.; Ou, W.; Wu, J.; Li, S.; Xu, J.; Feng, J.; Liu, B. TP53 mutation is associated with a poor clinical outcome
for non-small cell lung cancer: Evidence from a meta-analysis. Mol. Clin. Oncol. 2016, 5, 705–713. [CrossRef]

36. Goldstraw, P.; Ball, D.; Jett, J.R.; Le Chevalier, T.; Lim, E.; Nicholson, A.G.; Shepherd, F.A. Non-small-cell lung cancer. Lancet 2011,
378, 1727–1740. [CrossRef]

37. Ke, Z.; Zhang, X.; Ma, L.; Wang, L. Expression of DPC4/Smad4 in non-small-cell lung carcinoma and its relationship with
angiogenesis. Neoplasma 2008, 55, 323–329.

38. Zhang, S.; Takaku, M.; Zou, L.Y.; Gu, A.D.; Chou, W.C.; Zhang, G.; Wu, B.; Kong, Q.; Thomas, S.Y.; Serody, J.S.; et al. Reversing
SKI-SMAD4-mediated suppression is essential for T(H)17 cell differentiation. Nature 2017, 551, 105–109. [CrossRef]

39. Salazar, Y.; Zheng, X.; Brunn, D.; Raifer, H.; Picard, F.; Zhang, Y.; Winter, H.; Guenther, S.; Weigert, A.; Weigmann, B.; et al.
Microenvironmental Th9 and Th17 lymphocytes induce metastatic spreading in lung cancer. J. Clin. Investig. 2020, 130, 3560–3575.
[CrossRef]

http://doi.org/10.1177/17588359211006950
http://doi.org/10.3390/cells10113129
http://doi.org/10.1097/JTO.0b013e31829923ec
http://www.ncbi.nlm.nih.gov/pubmed/23857398
http://doi.org/10.3390/cancers11101514
http://doi.org/10.1158/1078-0432.CCR-16-2410
http://doi.org/10.1056/NEJM198710083171504
http://www.ncbi.nlm.nih.gov/pubmed/3041218
http://doi.org/10.1016/j.lungcan.2013.03.019
http://www.ncbi.nlm.nih.gov/pubmed/23608713
http://doi.org/10.3389/fonc.2021.703143
http://www.ncbi.nlm.nih.gov/pubmed/34497760
http://doi.org/10.1002/cbin.11524
http://doi.org/10.3892/mco.2016.1057
http://doi.org/10.1016/S0140-6736(10)62101-0
http://doi.org/10.1038/nature24283
http://doi.org/10.1172/JCI124037

	Introduction 
	Materials and Methods 
	Study Objectives 
	Patients 
	Study Design and Assessments 
	End Points and Assessments 
	Capture-Based Targeted DNA Sequencing 
	Sequence-Data Analysis 
	Statistical Analysis 

	Results 
	Clinical Characteristics and Genotype Subsection 
	Efficacy 
	Overall Population 
	Value of KRAS Subtypes 
	Value of Co-Occurring Mutations 

	Prognosis 

	Discussion 
	Conclusions 
	References

