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Abstract
Purpose: The relationship between mutant KRAS and the risk of disease progres-
sion and death in advanced non-squamous non-small cell lung cancer (NSCLC) is 
still controversial among current studies, and the effects of distinct KRAS muta-
tions on prognosis may be different. This study aimed to further investigate the 
association between them.
Patients and Methods: Of the 184 patients eventually included in the study, 108 
had KRAS wild type (WT) and 76 had KRAS mutant type (MT). Kaplan–Meier 
curves were plotted to describe the survival for patients among groups, while log-
rank tests were conducted to evaluate the survival differences. The univariate and 
multivariate Cox regression were performed to identify predictors, and subgroup 
analysis was used to verify the interaction effect.
Results: Similar efficacy of first-line therapy was observed for KRAS MT and WT 
patients (p = 0.830). The association between KRAS mutation and progression-
free survival (PFS) was not significant in univariate analysis (hazard ratio 
[HR] = 0.94; 95% CI, 0.66–1.35), and no KRAS mutation subtype significantly 
affected PFS. However, KRAS mutation and KRAS non-G12C were associated 
with increased risk of death compared to KRAS WT in univariate and multivari-
ate analysis. Univariate and multivariate analysis also confirmed that chemother-
apy combined with antiangiogenesis or immunotherapy in the KRAS mutation 
group was associated with decreased risk of disease progression. However, the 
overall survival (OS) among KRAS mutant patients received different first-line 
treatments did not significantly differ.
Conclusion: KRAS mutations and their subtypes are not independent negative 
predictors of PFS, while KRAS mutation and KRAS non-G12C were independent 
prognostic factors for OS. Chemotherapy combined with antiangiogenesis or im-
munotherapy conferred decreased risk of disease progression to KRAS mutation 
patients compared to single chemotherapy.
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1   |   INTRODUCTION

KRAS missense mutations were the second most fre-
quent oncogenic drivers after epidermal growth factor 
receptor (EGFR) mutations for non-small cell lung can-
cer (NSCLC) in Chinese population.1 Approximately 1/4 
to 1/3 of NSCLC patients in the Western population had 
KRAS mutation,2,3 but the overall incidence (9.8–12.3%) 
of KRAS mutations in Chinese population was lower.1,4,5 
Among the amino acid substitutions, KRAS G12C (29.6%–
40%) was the most common in Chinese patients, followed 
by G12D, G12V and G12A.5 In the Chinese lung squamous 
carcinoma patients, the prevalence of KRAS mutations 
was 0%–4.5%.6–8 The mutated KRAS were so rare in squa-
mous cell carcinoma that Rekthman et al. have suggested 
that KRAS mutations originated from adenocarcinoma 
cells misclassified as squamous cells or adenocarcinoma 
components in adenosquamous carcinoma.9

Since the discovery of KRAS oncogene in 1982,10 the 
research and development of targeted drugs directly tar-
geting KRAS mutations often ended in failure over the last 
few decades mainly due to the lack of hydrophobic pock-
ets on the smooth surface of mutant proteins for small-
molecule drugs to bind.11 Other targeted agents included 
inhibitors that inhibited tyrosine kinase receptors, pan-
KRAS proteins, farnesyl transferase, and key proteins lie 
downstream pathways (e.g., RAF–MEK–ERK and PI3K-
AKT–mTOR signaling pathways) of KRAS protein.12–16 
Further clinical application of these targeted agents was 
limited by their low antitumor activity or high incidence of 
serious adverse events. Biological heterogeneity of KRAS-
mutated tumors, co-existence of other tumor suppressor 
genes inactivation, incomplete inhibition of KRAS molec-
ular pathway, and subsequent activation of some signaling 
feedback loops may be the causes why targeted therapy for 
KRAS mutation NSCLC is not druggable at present.17

Recently, two targeted agents AMG510 and MRTX849 
that inhibit specific KRAS G12C mutant protein have 
presented encouraging outcomes in respective phase II 
clinical trials, breaking the perceptions that KRAS was 
considered a undruggable target. Based on the results of 
phase II clinical trials CodeBreak-100 and KRYSTAL-1, 
AMG510 and MRTX849 are pending regulatory approval 
for advanced NSCLC patients harboring KRAS G12C mu-
tation and have received at least one regimen of systemic 
chemotherapy.18,19 However, there are still many other 
KRAS mutant subtypes that do not have effective targeting 

agents, and current drug availability limits the clinical use 
of KRAS G12C inhibitors. Importantly, there are currently 
no randomized controlled trials of AMG510 or MRTX849 
for accessing actual efficacy and tolerability at the setting 
of first-line treatment in KRAS-mutated NSCLC.

Therefore, the present treatment methods for advanced 
NSCLC patients with KRAS mutation are mainly com-
bined modality therapy based on systemic chemotherapy. 
However, the associations between KRAS mutations and 
the efficacy of first-line cytotoxic drugs and overall sur-
vival are still controversial, and an in vitro test has shown 
that distinct KRAS mutations have different sensitivities to 
different cytotoxic drugs.20 Accordingly, the present study 
hypothesized that different KRAS mutations would lead 
to different clinical outcomes, and further explored the in-
fluence of different treatment regimens on the prognosis 
of non-squamous NSCLC patients with KRAS mutation.

2   |   MATERIALS AND METHODS

2.1  |  Study design and population

The present study was conducted as a retrospective co-
hort study. We consecutively enrolled advanced non-
squamous NSCLC patients who were first admitted to 
Guangxi Medical University Affiliated Tumor Hospital 
from March 2016 to September 2020 for further screening. 
All non-squamous NSCLC patients participated in this 
study received standard chemotherapy or chemotherapy-
based combination therapy as per relevant guidelines and 
clinical norms. Exclusion criteria were as follow: patients 
at early stages who could receive radical surgery; histo-
logical types of squamous cell carcinoma or small-cell 
lung cancer; incomplete medical records; no treatment 
given after diagnosis; KRAS gene mutational status was 
unknown; detected druggable oncogenic driver muta-
tion; second primary tumor. Figure S1 illustrates in detail 
the screening and selection process of eligible patients. 
Ultimately, a total of 184 patients were enrolled in this 
study in accordance to the inclusion and exclusion crite-
ria. This study was approved by the Ethics Committees of 
Guangxi Medical University Affiliated Tumor Hospital 
and followed the Helsinki Guidelines. We only collect 
the clinical information of the patients, which would not 
interfere with the treatment decision and harm patients' 
right or health. In addition, all the patients' data were 
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stored in a coded and anonymous manner. Therefore, no 
informed consent was necessary.

2.2  |  KRAS mutational assessment

Formalin-fixed and paraffin-embedded (FFPE) tissue 
blocks were used for detecting KRAS mutations by the 
methods of real-time polymerase chain reaction (rt-
PCR) or next-generation sequencing (NGS). Before con-
ducting rt-PCR analysis, DNA extraction was completed 
via commercial AmoyDx FFPE DNA Kit (ADx-FF01, 
Amoy Diagnostic, Xiamen, China). A NanoDrop 2000 
Spectrophotometer (Thermo Scientific, Wilmington, USA) 
was employed for measuring the purified DNA quantity 
and quality. Qualitative diagnosis of KRAS mutation was 
confirmed by the AmoyDx KRAS/NRAS/PIK3CA/BRAF 
(KNPB) Mutations Detection Kit (ADx-KNPB01, Amoy 
Diagnostic, Xiamen, China). The rt-PCR conditions were 
as manufacturer's recommended protocols: an initial de-
naturation at 95°C for 5 min was followed by 15 cycles at 
95°C for 25 s, 64°C for 20 s, 72°C for 20 s; and 31 cycles 
at 93°C for 25 s, 60°C for 35 s, 72°C for 20 s. As for NGS 
tests, the KRAS mutations data were provided by Nanjing 
Geneseeq and Beijing Geneplus Technology Inc. in China.

2.3  |  Data collection

KRAS mutations status were detected before first-line 
treatment. Specific mutant subtypes cannot be identified 
when rt-PCR method was used for detection because of 
the limitation of KRAS diagnostic kit. OS was calculated 
as a period from the time of pathological diagnosis until 
death or last follow-up, and PFS was recorded as the time 
from pathological diagnosis to disease progression or 
death from any cause or follow-up deadline. The longest 
follow-up time was 5 years and cutoff date for follow-up 
was March 31st, 2021. We collected clinicopathological 
characteristics at baseline, including sex, age, body mass 
index (BMI), Eastern Cooperative Oncology Group perfor-
mance status (ECOG PS), smoking history, pathological 
diagnosis, clinical stage, and distant metastases informa-
tion. The first-line treatment regimens were obtained for 
further analyses as well. ECOG PS was applied to assess 
patients' physical conditions prior to treatment. Non-
smokers were defined as subjects who smoked fewer than 
100 cigarettes or never smoked before initial diagnosis. 
Tumor histological classification was diagnosed by physi-
cians from the Department of Pathology according to the 
4th edition WHO classification of lung tumor. Clinical 
stage was divided through the 8th edition of American 
Joint Committee on Cancer (AJCC) staging system, 

while the Response Evaluation Criteria in Solid Tumor 
(RECIST) version 1.1 was used for evaluating first-line 
treatment efficacy.

2.4  |  Statistical analysis

Patients were divided into two groups, KRAS mutation 
and KRAS WT, in accordance with KRAS mutation sta-
tus detected before the initial treatment. The chi-square 
test or Fisher's exact probability test was performed to 
identify the associations between KRAS mutation and 
potential predictors. Kaplan–Meier method was used 
to present the survival curves, meanwhile log-rank test 
was used to compare the survival differences among the 
groups. Univariate and multivariate Cox proportional 
hazards models were computed to evaluate the effects of 
the candidate predictors on clinical outcomes. Sensitivity 
analyses were illustrated to test the stability of conclu-
sions by forest plots, and interaction was tested to iden-
tify heterogeneity among subgroups. Statistical software  
R packages, version 3.4.3 (http://www.R-proje​ct.org) as 
well as EmpowerStats (http://www.empow​ersta​ts.com) 
were used for conducting all the analyses. A two-sided  
p value less than 0.05 were considered as statistically sig-
nificant in statistical analyses.

3   |   RESULTS

3.1  |  Selected patients and baseline 
characteristics

We ultimately screened 184 patients with non-squamous 
NSCLC for our final data analysis, including 76 partici-
pants with KRAS mutations and 108 participants with 
KRAS WT. The age range of the study population was 
57.2 ± 10.4 years. With a median follow-up of 20.0 months 
(95% CI, 17.2–22.6 months), the median durations of PFS 
and OS for all the patients were 4.8 months (95% CI, 4.2–
5.9 months) and 16.6 months (95% CI, 12.9–21.5 months), 
respectively. Among the 76 cases of KRAS mutation, 41 
cases failed to obtain specific amino acid substitution in-
formation due to the use of ARMS-PCR test or data miss-
ing. Among the remaining 35 cases, the most frequent 
KRAS mutation subtypes were G12C, G12D and G12V in 
exon 2 which accounted 80% of all the mutations, and the 
remaining mutant subtypes were classified as rare KRAS 
mutations due to low mutation frequency (Figure 1). Of 
note, one double mutation of G12D + G13C in exon 2, one 
Q61K mutation in exon 3, and one A146V mutation in 
exon 4 were detected. The baseline description of study 
population was displayed in Table 1. KRAS mutation was 

http://www.r-project.org
http://www.empowerstats.com
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closely associated with male, older age, smoking, and ad-
renal metastases. A lower proportion of IV stage disease 
and contralateral lung metastases were significantly asso-
ciated with KRAS mutations as well. As for the first-line 
treatment regimens, patients with KRAS mutations are 
more likely to receive chemotherapy in combination with 
antiangiogenesis or immunotherapy regimens in clini-
cal management, whereas patients in KRAS wild-type 
were more inclined to receive regimens containing pem-
etrexed or taxane. Other patient characteristics at base-
line between KRAS mutation and wild-type groups were 
well-matched.

3.2  |  Effect of KRAS mutation on 
efficacy and PFS

Response rates for first-line treatment of study partici-
pants were listed in Table 2. First-line treatment response 
did not differ significantly in KRAS wild type patients 
compared to KRAS mutant patients (p = 0.830). A total 
ORR of 25.93% and 30.19%, and a total DCR of 70.37% and 
73.58% were observed in KRAS wild-type and mutant pa-
tients, respectively. Furthermore, response rates of KRAS 
WT and mutant patients were not significantly different 
no matter what treatment regimen was administered at 
the first-line setting. On the other hand, the univariate 
and multivariate analysis for identifying the predictors for 
PFS was shown in Table 3. Univariate analysis revealed 
neither KRAS mutation nor distinct KRAS mutation sub-
types significantly affected PFS. No significant difference 
was observed for median PFS between KRAS WT patients 
and KRAS mutant patients (4.4 months vs. 5.8 months, 
p = 0.7445) (Figure 2A). Furthermore, patients with spe-
cific KRAS mutant subtypes did not have a significantly 
shorter median PFS than patients with KRAS WT as well 
(Figure  2C). In addition, the multivariate analysis dem-
onstrated that male, metastatic sites ≥2 and the treat-
ment regimen chemotherapy plus antiangiogenesis or 

F I G U R E  1   Pie chart of distribution of KRAS mutation in non-
squamous NSCLC patients.

T A B L E  1   Patient characteristics at baseline.

KRAS WT 
(n = 108)

KRAS 
mutation 
(n = 76) p-value

Sex 0.035

Female 28 (25.93%) 10 (13.16%)

Male 80 (74.07%) 66 (86.84%)

Age(years) <0.001

≤60 78 (72.22%) 32 (42.11%)

>60 30 (27.78%) 44 (57.89%)

Smoking status <0.001

No 50 (46.30%) 14 (18.42%)

Yes 58 (53.70%) 62 (81.58%)

BMI 0.146

≥18.5 90 (83.33%) 69 (90.79%)

<18.5 18 (16.67%) 7 (9.21%)

ECOG-PS 0.597

0–1 97 (89.81%) 70 (92.11%)

2–3 11 (10.19%) 6 (7.89%)

Histological type 0.773

Adenocarcinomas 102 (94.44%) 71 (93.42%)

Others 6 (5.56%) 5 (6.58%)

Stage 0.024

III 10 (9.26%) 16 (21.05%)

IV 98 (90.74%) 60 (78.95%)

Brain metastases 0.961

No 87 (80.56%) 61 (80.26%)

Yes 21 (19.44%) 15 (19.74%)

Contralateral lung 
metastases

0.019

No 63 (58.33%) 57 (75.00%)

Yes 45 (41.67%) 19 (25.00%)

Pleural metastases 0.660

No 72 (66.67%) 53 (69.74%)

Yes 36 (33.33%) 23 (30.26%)

Pericardial metastases 0.073

No 98 (90.74%) 74 (97.37%)

Yes 10 (9.26%) 2 (2.63%)

Liver metastases 0.814

No 91 (84.26%) 65 (85.53%)

Yes 17 (15.74%) 11 (14.47%)

Adrenal metastases 0.062

No 95 (87.96%) 59 (77.63%)

Yes 13 (12.04%) 17 (22.37%)

Bone metastases 0.474

No 64 (59.26%) 49 (64.47%)

Yes 44 (40.74%) 27 (35.53%)
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immunotherapy were independent prognostic factors 
for PFS in both non-squamous NSCLC patients and non-
squamous NSCLC patients with KRAS mutation. In other 
words, Chemotherapy in combination with antivascular 

therapy or immunotherapy did benefit non-squamous 
NSCLC patients significantly in PFS regardless of KRAS 
mutation status. Correspondingly, chemotherapy com-
bined with antivascular therapy or immunotherapy 
resulted in a longer median PFS compared with taxane-
based chemotherapy, and tended to be correlated with 
better median PFS compared with pemetrexed-based 
chemotherapy in KRAS mutation group (Figure  2E). 
Interestingly, the effect size of the risk of disease progres-
sion in KRAS-mutated populations (HR = 0.24, 95% CI, 
0.08–0.75, p = 0.0145) using antivascular or immunother-
apy combined with chemotherapy was lower than that 
in the general population (HR = 0.49, 95% CI, 0.27–0.91, 
p = 0.0233), suggesting that KRAS mutant population may 
benefit more from combination therapy.

3.3  |  Effect of KRAS mutation on OS

The outcomes were illustrated in Table  4. Univariate 
analyses indicated that KRAS mutation was closely 
correlated with a poorer median OS than KRAS WT 
(HR = 2.36; 95% CI, 1.55–3.61; p < 0.0001), and the me-
dian OS time was 9.9 and 21.5 months for the KRAS 
mutant and KRAS WT groups, respectively (Figure 2B). 
Compared with the KRAS WT patients, the patients har-
boring KRAS rare mutations had the shortest OS time, 
followed by G12V and G12D (Figure 2D). The median 
OS in KRAS rare mutation, G12V and G12D groups were 
8.3, 9.3 and 12.5 months, respectively. After adjustment 
for smoking status, liver metastases, adrenal metasta-
ses, and number of metastatic sites, KRAS mutations 
(HR = 2.39, 95% CI, 1.53–3.73, p = 0.0001) and KRAS 
non-G12C (HR = 4.10, 95% CI, 2.32–7.25, p < 0,0001) re-
mained significantly associated with increased risk of 
death. Regrettably, no significant difference in OS was 
observed among KRAS mutant patients with different 
first-line treatments (Figure 2F).

3.4  |  Stratified analyses by potential 
confounders

To further clarify that the correlation between KRAS status 
and risk of death in non-squamous NSCLC patients were 
robust to important covariates, we performed stratified 
analyses for subgroups, including sex, age, smoking status, 
ECOG PS, BMI, histological type, metastatic organs, num-
ber of metastatic sites, clinical stage, and first-line treatment. 
Figure  3 further confirmed a highly consistent pattern: 
among patients with non-squamous NSCLC, regardless of 
any subgroup mentioned above, KRAS mutation resulted in 
a significant increase in risk of mortality. Correspondingly, 

KRAS WT 
(n = 108)

KRAS 
mutation 
(n = 76) p-value

Number of metastatic 
sites

0.536

<2 49 (45.37%) 38 (50.00%)

≥2 59 (54.63%) 38 (50.00%)

First-line treatment <0.001

Taxanes ± platinum 16 (14.81%) 5 (6.58%)

Pemetrexed ± platinum 74 (68.52%) 28 (36.84%)

Chemotherapy + 
antiangiogenesis/
immunotherapy

13 (12.04%) 21 (27.63%)

Unknown 5 (4.63%) 22 (28.95%)

Note: p values were calculated through the chi-square test or Fisher's exact 
test. p values < 0.05 were highlighted in bold.
Abbreviations: BMI, body mass index; ECOG PS, Eastern Cooperative 
Oncology Group Performance Status.

T A B L E  1   (Continued)

T A B L E  2   Efficacy analysis of first-line treatment for non-
squamous NSCLC patients.

WT 
(n = 108)

Mutation 
(n = 53) p-values

Total response 0.830

PR 28 (25.93%) 16 (30.19%)

SD 48 (44.44%) 23 (43.39%)

PD 32 (29.63%) 14 (26.42%)

Pemetrexed ± platinum 0.713

PR 18 (24.32%) 7 (25.00%)

SD 32 (43.25%) 11 (39.29%)

PD 24 (32.43%) 10 (35.71%)

Taxanes ± platinum 0.351

PR 2 (12.50%) 1 (20.00%)

SD 8 (50.00%) 4 (80.00%)

PD 6 (37.50%) 0 (0.00%)

Chemotherapy + 
antiangiogenesis/
immunotherapy

0.790

PR 6 (46.15%) 8 (40.00%)

SD 6 (46.15%) 8 (40.00%)

PD 1 (7.70%) 4 (20.00%)

Note: p values were calculated through the chi-square test or Fisher's exact 
test. p values < 0.05 were highlighted in bold.
Abbreviations: PD, progressive disease; PR, partial response; SD, stable disease.
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in interaction tests for potential effect modification, no sig-
nificant interaction effect was observed.

4   |   DISUSSION

With the introduction of detecting oncogenic driver 
mutations, we have significantly improved the overall 

survival of non-small cell lung cancer patients with 
targetable mutations. Precision medicine, which is cur-
rently advocated for cancer treatment, requires mo-
lecular analysis of tumor tissue before treatment to 
select the best therapeutic regimen. However, effective 
targeted therapies for KRAS mutations have not been 
successfully developed to date. Platinum-based chemo-
therapy remains the priority selection for patients with 

F I G U R E  2   Kaplan–Meier (KM) curves according to different prognostic factors. (A) progression-free survival curves of all patients 
stratified by KRAS status; (B) overall survival curves of all patients stratified by KRAS status; (C) progression-free survival curves of 
all patients stratified by KRAS mutation subtypes; (D) overall survival curves of all patients stratified by KRAS mutation subtypes; (E) 
progression-free survival curves of KRAS-mutated patients stratified by first-line treatment; (F) overall survival curves of KRAS-mutated 
patients stratified by first-line treatment.
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KRAS mutations. Since KRAS mutations were first con-
sidered as adverse prognostic factors of lung cancer in 
the 1990s,21 the prognostic and predictive value of KRAS 
mutations in lung carcinoma has been always a topic of 
controversial discussion, though a lot of clinical stud-
ies investigating KRAS mutations have been published 
in recent decades. Considering the differences of these 
studies in population, race, region, sample size, histolog-
ical type, tumor stage, composition of genetic mutation 
type, and first-line treatment, a consistent conclusion 
was difficult to draw.

We reviewed the literature about the impact of KRAS 
mutations on survival in advanced NSCLC patients receiv-
ing platinum-based chemotherapy and founds that many 
articles reported inconsistent results. Loriot et al reviewed 
all relevant literatures on the relationship between clini-
cal outcomes and advanced NSCLC patients with KRAS 
mutations using conventional chemotherapy and con-
cluded that KRAS mutations had no values in predicting 
response to conventional chemotherapy.22 A retrospec-
tive investigation conducted by Mellema et al. suggested 
that NSCLC patients with KRAS mutations had similar 

F I G U R E  3   Forest plot of overall 
survival subgroup analyses.
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clinical response to chemotherapy and median OS com-
pared to those without KRAS mutations.23 Results from 
TAILOR trial also indicated that KRAS mutations had no 
negative effects on PFS and OS in NSCLC.24 In contrast, 
a study by Metro et al. involved patients with advanced 
non-squamous EGFR wild-type NSCLC, and demon-
strated that KRAS mutation was significantly associated 
with lower response rates to chemotherapy and inferior 
PFS.25 Furthermore, Hames et al. reported that KRAS mu-
tations conferred advanced NSCLC patients treated with 
platinum-based chemotherapy to a worse prognosis com-
pared to KRAS wild-type.26

In this study, KRAS mutations were neither significantly 
associated with response rates of first-line treatments nor 
risk for disease progression in advanced NSCLC, but the 
independent effect of KRAS mutations on overall survival 
was observed. Notably, the proportion of missing treatment 
information was higher in KRAS MT patients than that in 
KRAS WT patients. Possible selection bias can affect over-
all survival in patients with KRAS mutations. Therefore, we 
included first-line treatment in the multivariate analysis for 
the risk of death to minimize the effect on overall survival. 
The results indicated that KRAS mutations (HR = 2.32, 95% 
CI, 1.45–3.70, p = 0.0004) and KRAS non-G12C (HR = 2.98, 
95% CI, 1.55–5.74, p = 0.0011) remained significantly asso-
ciated with an increased risk of death after adjustment for 
treatment, smoking status, liver metastases, adrenal metas-
tases, and number of metastatic sites. Moreover, the positive 
relationship between KRAS mutations and mortality hazard 
was stable in all stratified populations, and no modification 
effect of other confounding factors and special population 
were found, indicating the solidity and low heterogene-
ity of our conclusions. The current study verified that the 
resistance mechanisms and patterns for first-line therapy 
in KRAS MT and WT patients might be similar, while the 
correlation between KRAS mutation and poor overall sur-
vival of non-squamous NSCLC was based on the hypothe-
sis that KRAS as oncogenic driver mutation constantly to 
activate multiple downstream signaling pathways, such as 
RAF/MEK/ERK, PI3K/AKT/mTOR, NF/κB, etc. Promoting 
tumor survival, anti-apoptosis, proliferation, angiogenesis, 
invasion, and metastasis, leading to rapidly disease progres-
sion and short survival.17,27

Among the KRAS mutation types, non-G12C muta-
tions were independent risk factors for overall survival. 
Although Ihle et al. confirmed that G12V mutation sig-
nificantly affected PFS, they did not further explore the re-
lationship between G12V and OS. This study first revealed 
the independent association between KRAS non-G12C 
mutations and death hazard in Chinese patients with ad-
vanced non-squamous NSCLC. Previous literatures have 
shown that KRAS G12D and G12V promote the evolu-
tion and formation of lung adenocarcinoma.28,29 Specific 

changes of different positions and amino acids of KRAS 
protein had different effects on the downstream signaling 
pathway, and then lead to different biological characteris-
tics and transformation ability.30 Therefore, detection of 
specific KRAS mutant subtypes should be completed in 
clinical practice, which may help to determine the optimal 
treatment option for individuals.

In addition, multivariate analysis demonstrated that 
chemotherapy regimens including immunotherapy or 
antiangiogenic therapy were significantly related with 
the decline in risk of disease progression regardless of 
KRAS status. In terms of PFS, patients with KRAS mu-
tations were likely to benefit more from chemotherapy 
in combination with immunotherapy or antiangiogenic 
therapy than those of KRAS WT. Reviewing the previ-
ous literatures, these conclusions may be the first to be 
confirmed in the Chinese non-squamous NSCLC pop-
ulation. Vascular endothelial growth factor (VEGF) is 
a pro-angiogenic factor that may play an essential role 
in tumor progression and metastasis. KRAS-mutated 
tumors can mediate the production of VEGF and in-
terleukin-8 through MAPK and NF-κB pathway in 
KRAS mutations, and then promote the formation of 
tumor blood vessels.31,32 Inhibitive therapies targeting 
VEGF inhibit the new tumor vascular system, shrink 
the existing tumor microvascular, and normalize the 
remaining tumor vascular system. The addition of an-
tiangiogenic therapy may affect the upregulated tumor 
angiogenesis signaling pathway and enhance the an-
titumor efficacy. On the other hand, recent evidence 
demonstrated that KRAS mutant lung cancer exhibited 
immune-suppressive and inflammatory tumor micro-
environments to promote tumor progression through 
some molecular biological mechanisms. Coelho et al. 
reported an mRNA binding protein called tristetraprolin 
(TTP) that could bind to mRNA translating PD-L1 and 
accelerate PD-L1 mRNA degradation to increase anti-
tumor immunity. However, KRAS-mutated lung cancers 
inhibited TTP through activation of MEK downstream 
signaling and augmented PD-L1 expression, thus pre-
senting immunoresistant phenotype.33 KRAS mutation 
was also associated with tumor lymphocytes infiltration 
and increased tumor mutation burden in NSCLC ex-
cept for high PD-L1 expression in tumor cells, resulting 
in better efficacy of PD-1/PD-L1 inhibitors. Moreover, 
three meta-analyses further confirmed that patients 
with KRAS MT got more clinical benefit in anti-PD-1 
/PD-L1 immunotherapy than those with KRAS WT.34 
These findings support the results we have observed so 
far. It is a pity that we did not observe any difference 
in overall survival between first-line treatment regimens 
in KRAS-mutated patients, but there was a tendency 
to improve long-term survival in patients with KRAS 
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mutation using immunotherapy or antiangiotherapy in 
combination with chemotherapy, and we expect surpris-
ing findings from larger sample sizes.

Several limitations should be acknowledged in the cur-
rent study. First, due to the nature of retrospective studies, 
selection bias is inevitable. Second, since the study was 
designed in a single institution, whether our findings can 
be extended to other ethnic populations may require ad-
ditional studies to validate. Third, the small sample size 
is also a shortcoming of this study. In view of the low mu-
tation prevalence in the Chinese population, we believe 
that the sample size is within an acceptable range. Fourth, 
the missing amino acid substitution information in 41 pa-
tients with KRAS mutation may bias the distribution of 
KRAS subtypes. Considering that the amino acid substitu-
tion distribution of the other 35 cases was similar to that 
reported by previous publications,5,35 the overall risk of 
bias of the distribution was modest. Finally, Considering 
the low incidence of KRAS mutations in Chinese popula-
tion, we only investigated whether KRAS mutations were 
a negative predictor of PFS and OS in Chinese patients 
with advanced non-squamous NSCLC after first-line 
treatment. Further studies are needed to compare the re-
sponses of different KRAS subtypes to first-line treatment 
in advanced non-squamous NSCLC.

5   |   CONCLUSION

In conclusion, KRAS mutation and its subtypes were not 
independent risk factors for predicting the risk of disease 
progression, but KRAS mutation and KRAS non-G12C were 
significantly associated with an increased risk of death. In 
addition, first-line chemotherapy combined with antivas-
cular therapy or immunotherapy was significantly associ-
ated with a reduced risk of disease progression regardless of 
KRAS mutation status. Patients with KRAS MT may benefit 
even more from chemotherapy combined with antivascular 
therapy or immunotherapy than those with KRAS WT.

AUTHOR CONTRIBUTIONS
Feiwen Liu: Conceptualization (equal); data curation 
(equal); formal analysis (equal); methodology (equal); soft-
ware (equal); visualization (equal); writing – original draft 
(equal). Fang Wang: Formal analysis (equal); methodology 
(equal); software (equal); writing – original draft (equal). 
Jianbo He: Data curation (equal); formal analysis (equal); 
resources (equal). Shaozhang Zhou: Funding acquisition 
(equal); investigation (equal); methodology (equal); pro-
ject administration (equal); resources (equal); supervision 
(equal). Min Luo: Funding acquisition (equal); investiga-
tion (equal); methodology (equal); project administration 
(equal); resources (equal); supervision (equal).

ACKNOWLEDGMENTS
We are grateful to the peers of the Guangxi Medical 
University Affiliated Tumor Hospital for invaluable help 
in data collection and gratefully acknowledge all the fund-
ing sources.

FUNDING INFORMATION
The research funding was provided by a “139 Talent 
Planning” granted by Guangxi Health Commission (grant 
number: 201903030) and the Natural Science Foundation 
of Guangxi Zhuang Autonomous Zone (grant number: 
2015GXNSFAA139162), China.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest regarding this 
study.

DATA AVAILABILITY STATEMENT
I confirm that my article contains a Data Availability 
Statement even if no data is available (list of sample 
statements) unless my article type does not require one. 
I confirm that I have included a citation for available 
data in my references section, unless my article type is 
exempt.

ORCID
Feiwen Liu   https://orcid.org/0000-0001-5787-2895 

REFERENCES
	 1.	 Wen S, Dai L, Wang L, et al. Genomic signature of driver genes 

identified by target next-generation sequencing in chinese non-
small cell lung cancer. Oncologist. 2019;24(11):e1070-e1081.

	 2.	 Lohinai Z, Klikovits T, Moldvay J, et al. KRAS-mutation inci-
dence and prognostic value are metastatic site-specific in lung 
adenocarcinoma: poor prognosis in patients with KRAS muta-
tion and bone metastasis. Sci Rep. 2017;7:39721.

	 3.	 Marabese M, Ganzinelli M, Garassino MC, et al. KRAS muta-
tions affect prognosis of non-small-cell lung cancer patients 
treated with first-line platinum containing chemotherapy. 
Oncotarget. 2015;6(32):34014-34022.

	 4.	 Liu S-Y, Sun H, Zhou J-Y, et al. Clinical characteristics and 
prognostic value of the KRAS G12C mutation in Chinese non-
small cell lung cancer patients. Biomarker Res. 2020;8(1):22.

	 5.	 Chen H, Huang D, Lin G, et al. The prevalence and real-world 
therapeutic analysis of Chinese patients with KRAS-mutant 
non-small cell lung cancer. Cancer Med. 2022;11(19):​3581-3592.

	 6.	 Zhang X-C, Wang J, Shao G-G, et al. Comprehensive genomic 
and immunological characterization of Chinese non-small cell 
lung cancer patients. Nat Commun. 2019;10(1):1772.

	 7.	 Wang L, Hu H, Pan Y, et al. PIK3CA mutations frequently coex-
ist with EGFR/KRAS mutations in non-small cell lung cancer 
and suggest poor prognosis in EGFR/KRAS wildtype subgroup. 
PLoS One. 2014;9(2):e88291.

	 8.	 Tao D, Han X, Zhang N, et al. Genetic alteration profiling of pa-
tients with resected squamous cell lung carcinomas. Oncotarget. 
2016;7(24):36590-36601.

https://orcid.org/0000-0001-5787-2895
https://orcid.org/0000-0001-5787-2895


13134  |      LIU et al.

	 9.	 Rekhtman N, Paik PK, Arcila ME, et al. Clarifying the spectrum of 
driver oncogene mutations in biomarker-verified squamous car-
cinoma of lung: lack of EGFR/KRAS and presence of PIK3CA/
AKT1 mutations. Clin Cancer Res. 2012;18(4):1167-1176.

	10.	 Pulciani S, Santos E, Lauver AV, Long LK, Aaronson SA, 
Barbacid M. Oncogenes in solid human tumours. Nature. 
1982;300(5892):539-542.

	11.	 Cox AD, Fesik SW, Kimmelman AC, Ji L, Der Channing J. 
Drugging the undruggable RAS: mission possible? Nat Rev 
Drug Discov. 2014;13(11):828-851.

	12.	 Zer A, Ding K, Lee Siow M, et al. Pooled analysis of the prog-
nostic and predictive value of KRAS mutation status and muta-
tion subtype in patients with non-small cell lung cancer treated 
with epidermal growth factor receptor tyrosine kinase inhibi-
tors. J Thorac Oncol. 2016;11(3):312-323.

	13.	 Ostrem JM, Shokat KM. Direct small-molecule inhibitors of 
KRAS: from structural insights to mechanism-based design. 
Nat Rev Drug Discov. 2016;15(11):771-785.

	14.	 Adjei AA, Mauer A, Bruzek L, et al. Phase II study of the 
farnesyl transferase inhibitor r115777 in patients with ad-
vanced non-small cell lung cancer. J Clin Oncol. 2003;21(9):​
1760-1766.

	15.	 Jänne PA, van den Heuvel Michel M, Barlesi F, et al. Selumetinib 
plus docetaxel compared with docetaxel alone and progression-
free survival in patients with KRAS-mutant advanced non-
small cell lung cancer. JAMA. 2017;317(18):1844.

	16.	 Blumenschein GR, Smit EF, Planchard D, et al. A random-
ized phase II study of the MEK1/MEK2 inhibitor trametinib 
(GSK1120212) compared with docetaxel in KRAS-mutant 
advanced non-small-cell lung cancer (NSCLC). Ann Oncol. 
2015;26(5):894-901.

	17.	 Del Re M, Rofi E, Restante G, et al. Implications of KRAS muta-
tions in acquired resistance to treatment in NSCLC. Oncotarget. 
2018;9(5):6630-6643.

	18.	 Hong DS, Fakih MG, Strickler JH, et al. KRAS G12C inhibi-
tion with sotorasib in advanced solid tumors. N Engl J Med. 
2020;383(13):1207-1217.

	19.	 Jnne PA, Rybkin II, Spira AI, Riely GJ, Ou S. KRYSTAL-1: activ-
ity and safety of adagrasib (MRTX849) in advanced/metastatic 
non-small cell lung cancer (NSCLC) harboring KRAS G12C 
mutation. Eur J Cancer. 2020;138:S1-S2.

	20.	 Garassino MC, Marabese M, Rusconi P, et al. Different types 
of K-Ras mutations could affect drug sensitivity and tu-
mour behaviour in non-small cell lung cancer. Ann Oncol. 
2011;22(1):235-237.

	21.	 Slebos RJ, Kibbelaar RE, Dalesio O, et al. K-ras oncogene acti-
vation as a prognostic marker in adenocarcinoma of the lung. N 
Engl J Med. 1990;323(9):561-565.

	22.	 Loriot Y, Mordant P, Deutsch E, Olaussen KA, Soria JC. Are 
RAS mutations predictive markers of resistance to standard 
chemotherapy? Nat Rev Clin Oncol. 2009;6(9):528-534.

	23.	 Mellema WW, Dingemans A-MC, Thunnissen E, et al. KRAS 
mutations in advanced non-squamous non-small cell lung 
cancer patients treated with first-line platinum-based chemo-
therapy have no predictive value. J Thorac Oncol. 2013;8(9):​
1190-1195.

	24.	 Rulli E, Marabese M, Torri V, et al. Value of KRAS as prognostic 
or predictive marker in NSCLC: results from the TAILOR trial. 
Ann Oncol. 2015;26(10):2079-2084.

	25.	 Metro G, Chiari R, Bennati C, et al. Clinical outcome with 
platinum-based chemotherapy in patients with advanced non-
squamous EGFR wild-type non-small cell lung cancer segre-
gated according to KRAS mutation status. Clin Lung Cancer. 
2014;15(1):86-92.

	26.	 Hames ML, Chen H, Iams W, Aston J, Lovly CM, Horn L. 
Correlation between KRAS mutation status and response to 
chemotherapy in patients with advanced non-small cell lung 
cancer. Lung Cancer. 2016;92:29-34.

	27.	 Omerovic J, Laude AJ, Prior IA. Ras proteins: paradigms for 
compartmentalized and isoform-specific signaling. Cell Mol 
Life Sci. 2007;64(19–20):2575-2589.

	28.	 Fisher GH, Wellen SL, Klimstra D, et al. Induction and apop-
totic regression of lung adenocarcinomas by regulation of a K-
Ras transgene in the presence and absence of tumor suppressor 
genes. Genes Dev. 2001;15(24):3249-3262.

	29.	 Meuwissen R, Linn SC, van der Valk M, Mooi WJ, Berns A. 
Mouse model for lung tumorigenesis through Cre/lox con-
trolled sporadic activation of the K-Ras oncogene. Oncogene. 
2001;20(45):6551-6558.

	30.	 Stolze B, Reinhart S, Bulllinger L, Fröhling S, Scholl C. 
Comparative analysis of KRAS codon 12, 13, 18, 61 and 117 
mutations using human MCF10A isogenic cell lines. Sci Rep. 
2015;5(1):8535.

	31.	 Bassères DS, Baldwin AS. Nuclear factor-κB and inhibitor of 
κB kinase pathways in oncogenic initiation and progression. 
Oncogene. 2006;25(51):6817-6830.

	32.	 Matsuo Y, Campbell PM, Brekken RA, et al. K-Ras promotes 
angiogenesis mediated by immortalized human pancreatic epi-
thelial cells through mitogen-activated protein kinase signaling 
pathways. Mol Cancer Res. 2009;7(6):799-808.

	33.	 Coelho MA, De Carné Trécesson S, Rana S, et al. Oncogenic 
RAS signaling promotes tumor immunoresistance by stabiliz-
ing PD-L1 mRNA. Immunity. 2017;47(6):1083-1099.

	34.	 Liu C, Zheng S, Jin R, 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 and in-
creased immunogenicity. Cancer Lett. 2020;470:95-105.

	35.	 Jia Y, Jiang T, Li X, 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(6):6525-6532.

SUPPORTING INFORMATION
Additional supporting information can be found online 
in the Supporting Information section at the end of this 
article.

How to cite this article: Liu F, Wang F, He J, Zhou 
S, Luo M. Correlation between KRAS mutation 
subtypes and prognosis in Chinese advanced 
non-squamous non-small cell lung cancer patients. 
Cancer Med. 2023;12:13123-13134. doi:10.1002/
cam4.5995

https://doi.org/10.1002/cam4.5995
https://doi.org/10.1002/cam4.5995

	Correlation between KRAS mutation subtypes and prognosis in Chinese advanced non-­squamous non-­small cell lung cancer patients
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Study design and population
	2.2|KRAS mutational assessment
	2.3|Data collection
	2.4|Statistical analysis

	3|RESULTS
	3.1|Selected patients and baseline characteristics
	3.2|Effect of KRAS mutation on efficacy and PFS
	3.3|Effect of KRAS mutation on OS
	3.4|Stratified analyses by potential confounders

	4|DISUSSION
	5|CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


