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Abstract: The aim of this study is to determine the clinicopathologic features of KRAS mutant metastatic non-
small cell lung cancer (NSCLC) patients and to determine the clinical, prognostic and survival differences between
subtypes and their relationship with response to treatment. A total of 101 patients with KRAS mutant metastatic
non-small cell lung cancer treated in 3 oncology centers between 2013 and 2024 were included in this retrospec-
tive, multicenter study conducted in Turkey. Molecular analysis was confirmed by next generation sequencing (NGS;
QIAGEN Clinical Insight Interpretation, United States). The Kaplan-Meier method was used to compare progression-
free (PFS) and overall survival (0S) times between KRAS subgroups. KRAS G12C mutation was detected in 69
(68.3%) and KRAS non-G12C mutation in 32 (31.7%) patients. In both groups, the majority of patients were male
(91.3% vs. 84.4%), smokers or former smokers (92.8% vs. 90.6%) and histologically had adenocarcinoma subtype
(88.4% vs. 81.3%). There was no statistically significant difference in PD-L1 expression (21.7% vs. 34.4%, P: 0.132).
In the KRAS non-G12C group, the most common mutations were G12V 15 (14.8%) and G12D 6 (5.9%). The most
common co-mutation accompanying KRAS G12C mutation was TP53 (23%), while the most common co-mutation
accompanying KRAS non-G12C was Rictor (36.3%). While 23 (33.3%) patients with KRAS G12C mutation developed
brain metastasis, this rate was 14 (43.8%) in the KRAS non-G12C mutation group (P=0.312). Median follow-up was
15.30 (0.3-112.0) months. The objective response rate (ORR) with first-line treatment was 47.5% in the KRAS G12C
group and 48.3% in the KRAS non-G12C group (P: 0.657). Median PFS was 4.46 (2.85-6.08) months in the KRAS
G12C group and 5.23 (3.46-6.99) months in the KRAS non-G12C group (P: 0.852). Median overall survival was
14.46 (8.34-20.58) months in the KRAS G12C group and 15.36 (5.01-25.71) months in the KRAS non-G12C group
(P: 0.201). In KRAS mutant metastatic NSCLC patients, no significant difference was found between KRAS subtypes
(G12C vs. non-G12C) in terms of clinical, prognostic and survival data.
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Introduction

Non-small cell lung cancer (NSCLC) accounts
for approximately 85% of all lung cancers.
Recently, dramatic improvement in survival
times was achieved with molecular investiga-
tion and targeted therapies in patients with
driver mutations. In patients without driver
mutations, immune checkpoint inhibitors used
in combination with monotherapy or chemo-

therapy have resulted in a significant reduction
in mortality in advanced stage patients [1, 2].
However, in second and subsequent steps,
response rates to both chemotherapy and
immunotherapies are between 6% and 20%
and progression-free survival is around 2-4
months [3, 4]. Targeted therapies are widely
used in patients with EGFR’ mutation, ALK,
ROS1 and RET rearrangement. However, al-
though the Kirsten rat sarcoma viral oncogene
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homolog (KRAS) mutation is found in 20-40%
of lung adenocarcinomas (26% in the Western
population, 11% in Asians, 30% in smokers,
10% in non-smokers), no targetable agent was
found for many years [5].

Activating mutations in KRAS are among the
most commonly detected oncogenic driver
mutations in solid cancers. These are most
commonly found in lung, pancreatic and colon
cancers. The NRAS mutation is more common
in melanoma and HRAS mutation in bladder
cancer. The most common subtypes are G12C,
G12V and G12D at codons 12 and 13. The
most common co-mutations are TP53 (40%),
STK11/LB1 (32%) and CDKN2A (19.8%) [6].

Sotorasib is a small molecule that specifically
and irreversibly inhibits KRAS G12C. In a phase
2 study, in which the majority of patients (81%)
had previously progressed with platinum-based
chemotherapy and immunotherapy, the activity
of sotorasib was evaluated and an objective
response (3.2% complete response, 33.9%
partial response) was obtained in 37.1% of
patients. Median progression-free survival was
6.8 months and median overall survival was
12.5 months [7]. In addition to the availability
of targetable agents for KRAS G12C, KRAS
mutation is also known to be important in terms
of disease prognosis. It has been associated
with high postoperative disease recurrence
and poor survival in patients with NSCLC (espe-
cially adenocarcinoma) [8, 9]. Furthermore,
subtypes of KRAS mutations were shown to
provide different prognostic and predictive ben-
efits [10]. Although KRAS mutation was evalu-
ated as a prognostic and/or predictive factor in
meta-analyses, heterogeneity in patient char-
acteristics and lack of treatment diversity limit
the interpretation of these studies.

Although various predictive markers (PDL-1,
CPS, TMB, MSI) were identified for patients who
may benefit from immunotherapies, there is no
optimal marker. In addition to studies showing
more significant results with immunotherapies
in patients with KRAS mutations, there are also
studies showing similar efficacy to those with-
out KRAS mutations. In a retrospective study of
282 patients with advanced NSCLC treated
with immunotherapy, the efficacy was compar-
ed between patients with KRAS mutations and
patients without KRAS mutations. Similar ob-
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jective response rate (ORR: 18.7% vs. 14.4%,
P=0.348), progression-free survival (PFS: 3.09
vs. 2.66 months, P=0.584) and overall survival
(0S: 14.29 vs. 11.14 months; P=0.682) were
found. However, a trend towards improved
objective response rates and prolonged pro-
gression-free survival was shown in patients
with KRAS mutations and programmed death
ligand 1 (PD-L1) >50%, which was not obser-
ved in the non-KRAS mutant cohort [11]. There-
fore, more research is needed about the role of
immunotherapy for KRAS patients and the cor-
relation with PD-L1 expression.

In patients with KRAS G12C-mutant NSCLC,
the lifetime incidence of brain metastases is
approximately 40% [12] and some studies
found no significant difference in the develop-
ment of brain metastases in KRAS mutant and
non-mutant patients.

In this study, we aimed to determine the clinico-
pathologic features of KRAS mutant metastatic
NSCLC patients, the differences between sub-
types in terms of clinical, prognostic and sur-
vival data, and their relationship with response
to treatment (chemotherapy and immunothe-
rapy) to contribute to the literature about this
topic.

Material and methods

Atotal of 101 patients treated for KRAS mutant
metastatic NSCLC between January 2013 and
June 2024 at 3 oncology centers in Turkey were
included in this retrospective, multicenter study
based on clinical record reviews. The inclusion
criteria were as follows: histologically diag-
nosed NSCLC, confirmed by next generation
sequencing (NGS; QIAGEN Clinical Insight In-
terpretation, United States), and KRAS muta-
tion and presence of radiologically demonstrat-
ed metastases (Stage 4).

Statistical analyses were performed using “IBM
SPSS Statistics for Windows. Version 25.0
(Statistical Package for the Social Sciences,
IBM Corp, Armonk, NY, USA)". Descriptive sta-
tistics are presented as n and % for categorical
variables, mean + SD and median (min-max)
for continuous variables. The Mann Whitney U
test was used for pairwise group comparisons.
Pearson chi square test and Fisher’s exact test
were used to compare categorical variables.
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Table 1. Comparison of sociodemographic and clinical variables according to KRAS mutation
KRAS mutation

Variable NTZOEI:L Non-G12C G12C P
N=32 (31.7%) N=69 (68.3%)

Age
Mean + SD 64.301£9.41 64.12+10.23 64.37+9.08 0.886°
Median (min-max) 64.0 (40-87) 63.0 (43-86) 65.0 (40-87)
<65 54 (53.5) 18 (56.3) 36 (52.2) 0.7022
>65 47 (46.5) 14 (43.8) 33 (47.8)

Sex, n (%)
Male 90 (89.1) 27 (84.4) 63 (91.3) 0.318°
Female 11 (10.9) 5 (15.6) 6 (8.7)

Smoking status, n (%)
Never 8(7.9) 3(9.4) 5(7.2) 0.706°
Current or former 93 (92.1) 29 (90.6) 64 (92.8)

Histologic features, n (%)
Adenocarcinoma 87 (86.1) 26 (81.3) 61 (88.4) 0.120°
Squamous 7 (6.9) 2(6.3) 5(7.2)
Adenosquamous 2 (2.0) 0(0) 2(2.9)
NOS 5 (5.0) 4 (12.5) 1(1.4)

Stage at diagnosis, n (%)
Stage 2 8(7.9) 2(6.3) 6 (8.7) 0.055°
Stage 3 13 (12.9) 8 (25) 5(7.2)
Stage 4 80 (79.2) 22 (68.8) 58 (84.1)

Local lung recurrence, n (%)
No 97 (96.0) 32 (100) 65 (94.2) 0.304°
Yes 4 (4.0) 0 (0) 4 (5.8)

Liver Metastasis, n (%)
No 82 (81.2) 29 (90.6) 53 (76.8) 0.098°
Yes 19 (18.8) 3(9.4) 16 (23.2)

Lung metastasis, n (%)
No 54 (53.5) 17 (53.1) 37 (53.6) 0.963°
Yes 47 (46.5) 15 (46.9) 32 (46.4)

Brain metastasis, n (%)
No 64 (63.4) 18 (56.3) 46 (66.7) 0.312°
Yes 37 (36.6) 14 (43.8) 23(33.3)

Bone metastasis, n (%)
No 53 (52.5) 21 (65.6) 32 (46.4) 0.0722
Yes 48 (47.5) 11 (34.4) 37 (53.6)

Adrenal metastasis, n (%)
No 77 (76.2) 23 (71.9) 54 (78.3) 0.483°
Yes 24 (23.8) 9 (28.1) 15 (21.7)

Other metastasis, n (%)
No 69 (68.3) 19 (59.4) 50 (72.5) 0.1882
Yes 32(31.7) 13 (40.6) 19 (27.5)

PD-L1 status, n (%)
Unknown 55 (54.5) 15 (46.9) 40 (58) 0.1322
<1% 20 (19.8) 6 (18.8) 14 (20.3)
1-49% 16 (15.8) 9 (28.1) 7 (10.1)
>50% 10 (9.9) 2(6.3) 8(11.6)
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Best response to first-line treatment, n (%)
SD
PR 3

PD 4
Number of treatment
Not received

o B~ WN P

Mortality

Alive 18 (17.8)
Ex 83(82.2)

Follow-up (month)
Mean + SD
Median (min-max)

2(
7(
CR 5 (5.
4 (

13 (12.9)
39 (38.6)
27 (26.7)
14 (13.9)
5 (5.0)
2 (2.0)
8 1(1.0)

21.98+21.20
15.30 (0.3-112.0) 15.76 (0.6-78.1) 14.46 (0.3-112.0)

0 (0) 2(3.4) 0.657°
12 (41.4) 25 (42.4)
2 (6.9) 3(5.1)
15 (51.7) 29 (49.2)
3(9.4) 0 (14.5) 0.463°
13 (40.6) 6(37.7)
8 (25.0) 9 (27.5)
3(9.4) (15 9)
3(9.4) 2(2.9)
1(3.1) 1(1.4)
1(3.1) 0(0.0)
8 (25) 10 (14.5) 0.199°
24 (75) 59 (85.5)
24.34+19.62 20.89+21.94  0.449°

a: Pearson Chi Square test, b: Fisher’s Exact test, ¢c: Mann Whitney U test, P<0.05 was considered statistically significant.

KRAS G12A: 28% —__ KRAS 12F; 1.1% KRAS 61QL; 1.1%
KRAS G12R; 1N |

KRAS G13D;4.9% —

Figure 1. Frequency of KRAS mutations in patients
with Non Small-Cell Lung Cancer (NSCLC).

The Kaplan Meier method was used to com-
pare progression-free and overall survival times
between KRAS subgroups. P<0.05 was consid-
ered statistically significant.

Institutional review board statement: Ethical
approval was granted by the Institutional
Review Board of Adnan Menderes University
Hospital (Aydin, Turkey) with reference number
E-53043469-050.04-658220, approved on
20 December 2024.
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Results

KRAS G12C mutation was detected in 69
(68.3%) and KRAS non-G12C mutation in 32
(31.7%) patients. In both groups, the majority of
patients were male (91.3% vs. 84.4%), smokers
or former smokers (92.8% vs. 90.6%) and histo-
logically had adenocarcinoma subtype (88.4%
vs. 81.3%).

There was no statistically significant difference
between the two groups in terms of metastatic
sites. In the KRAS G12C group, 23.2% of
patients had liver metastases, 46.4% had lung
metastases, 33.3% had brain metastases,
53.6 had bone metastases, and 21.7% had
adrenal metastases. In the KRAS-non G12C
group, 9.4% of patients had liver metastases,
46.4% had lung metastases, 43.8% had brain
metastases, 34.4% had bone metastases, and
28.1% had adrenal metastases.

There was no statistically significant differen-
ce in PD-L1 expression (21.7% vs. 34.4%, P
0.132) (Table 1). In the KRAS non-G12C group,
G12V 15 (14.8%) and G12D 6 (5.9%) mutations
were most common (Figure 1). The most com-
mon co-mutation accompanying KRAS G12C
mutation was TP53 (23%), while the most com-
mon co-mutation accompanying KRAS non-
G12C was Rictor (36.3%) (Figure 2). Me-
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dian follow-up was 14.4 mon-
ths in the KRAS G12C mutant
group and 15.7 months in the
KRAS non-G12C mutant gr-
oup. Brain metastasis devel-
oped in 23 (33.3%) of KRAS
G12C mutation patients com-
pared to 14 (43.8%) in the
KRAS non-G12C mutation gro-
up (P=0.312) (Figure 3). While
the majority of patients re-

40 50
Prevalence

60 70

(%)

mKRASG12C =Non-KRASG12C

Figure 2. Comparison of oncogenic comutations for KRAS G12C and KRAS

non-G12C cohorts.

Brain metastasis

100
90
80
70
60
50 36.6%
2 (37/101)

30

20

10

Proportion of patients (%)

ALL

Figure 3. The frequency of brain

p=0.312

ceived first-line cytotoxic che-

80 90 . motherapy, two patients with

PD-L1 expression >50% recei-
ved single agent pembrolizum-
ab, and one patient received
pembrolizumab plus chemo-
therapy, One EGFR mutation
patient received erlotinib and
one ALK mutation patient re-
ceived alectinib (Table 2). As
seen in Table 1, sociodemo-
graphic and clinical variables

43.8%
(14/32)

non-KrasG12C

metastasis.

Table 2. First-line therapy regimens in all

patients

Degiskenler N %

First-line therapy
Not received 12 12.0
Platinum + gemcitabine 9 9.0
Platinum + gemetrexed 30 30.0
Platinum + taxane 37 37.0
Platinum + etoposide 3 3.0
Single agent chemo 4 4.0
Single agent pembrolizumab 2 2.0
Pembrolizumab + Chemo 1 1.0
Alectinib 1 1.0
Erlotinib 1 1.0
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did not have statistically sig-
nificant differences between
KRAS mutation groups (P>
33.3% 0.05).

(23/69)

Median follow-up was 15.30
(0.3-112.0) months. The objec-
tive response rate (ORR) with
first-line treatment was 47.5%
in the KRAS G12C group and
48.3% in the KRAS non-G12C
group (P: 0.657) (Figure 4).
Median PFS was 4.46 (2.85-
6.08) months in the KRAS
G12C group and 5.23 (3.46-6.99) months in
the KRAS non-G12C group (P: 0.852) (Table 3;
Figure 5). Median overall survival was 14.46
(8.34-20.58) months in the KRAS G12C group
and 15.36 (5.01-25.71) months in KRAS non-
G12C group (P: 0.201) (Table 4; Figure 6).

Discussion

KRAS mutations vary according to tumor histol-
ogy, smoking history and ethnicity. KRAS muta-
tions are found in 30% of lung adenocarcino-
mas and 5% of squamous cell carcinomas. It
affects Caucasians more [13]. Studies found a
strong association between tobacco and ciga-
rette smoking and KRAS mutation, as in TP53

Am J Cancer Res 2025;15(7):3188-3196
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Objective Response Rate (%) mutation [14, 15]. At least
nine types of mutations were
identified according to the

KRAS G12C 47.5% . . .
base or amino acid substitu-
tion (G12C 39%, G12V 21.8%,
G12D 15.6%, G12A 9.3%,
KRAS non-

ploriss 48.3% G12S 1.5%, G13D 6.2%, G13C
3.1%, G12R 1.5% and G12F
1.5%). According to the San-
ger Registry (http://www.san-
Figure 4. Objective response rates with first-line treatment. ger.ac.uk), the G12C mutation

is most common in lung can-

cer, while the G12D mutation is

0 10 20 30 40 50 60

Table 3. Comparision of progression free survival rates most common in colon cancer.
Variable 2'{/ear 5'{/ear Median (95% Cl) P In our study, the majority of
° ° patients had adenocarcinoma
Overall 4.8 3.6 4.53 (3.20-5.86) h|St0|ogy and were smokers.
Age Since we included only KRAS
<65 2.2 2.2 4.53(3.43-5.62) 0.192 mutation patients, similar to
>65 7.7 5.1 5.70 (3.29-8.10) previous studies, the most
Sex common mutations were G12C
Male 53 3.9 523(3.91-654) 0.830 (68.3%), ?12\/ (14.8%) and

Female i i 3.03 (2.12-4.34) G12D (5.9%), respectively.
KRAS mutation subtype KRAS/TP53 rearrangements
Non-G12C 3.8 - 5.23(3.46-6.99) 0.852 exhibit high PD-L1 expression
G12C 5.2 3.4  4.46(2.85-6.08) and this is important in terms
Brain metastasis of identifying patients who may
No 5.6 3.7 4.53(2.71-6.35)  0.799 benefit clinically from pembroli-
Yes 33 i 453 (2.96-6.09) zumab tr.eatment [16]. In oqr
- - — — study, high PD-L1 expressi-

Kaplan Meier curve, Long rank test, P<0.05 was considered statistically signifi- . .
cant. on was also found in patients
with KRAS/TP53 rearrange-
ments. However, survival data
could not be analyzed due to
100 MedianPFS(©3% CI) s the small number of patients
KRAS G12C: 4,46 (2,85-6,08) —f“rxs who received immunotherapy.

& KRAS non-G12C: 5,23 (3,46-6,99) i . i
In a study including various
cancer types with KRAS muta-
o tion, no significant difference
£ p=0.852 Log rank test was found between KRAS
g G12C and non-KRAS G12C in
= NSCLC in terms of high PD-L1
expression similar to our study

) (P: 0.38) [171].

______________________ Researchers reported that KR-
o AS subtypes show different
0 2 2 % e % 72 ) sensitivity patterns to thera-
TIME (months) peutic agents. For example,

they reported that G12C muta-

Figure 5. Progression free survival of KRAS G12C and KRAS non-G12C co- tion is associated with de-
horts. creased response to cisplatin
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Table 4. Comparision of overall survival rates

platinum-based chemotherapy

(47.5% vs. 48.3%, P: 0.657).

Variable 2'{/ear 5—);3ar Median (95% CI) P
2 2 In a study evaluating the inci-
Overall 36.4 12.6 15.36(11.14-19.59) dence of brain metastasis in
Age KRAS G12C mutant NSCLC,
<65 385 19.7 14.56(6.16-22.96) 0.328 the incidence of brain metasta-
>65 34.0 6.4 15.36 (9.41-21.32) sis was 35.1% in the entire
Sex KRAS mutant patient popula-
Male 333 10.6 14.26(9.5818.94) 0.074 tion, 37.2% in KRAS G12C and
Female 62.3 277 38.00(5.29-70.70) 33.5% in KRAS non-G12C, and
KRAS mutation subtype no significant difference was
Non-G12C 375 148 1536(5.01.2571) o201  foundbetween KRAS subtypes
(P: 0.26) [18]. Similarly, in our
qizc _ 358 109 14.46 (8.34-20.58) study, the incidence of brain
Brain metastasis metastasis in the entire patient
No 344 131 14.40(9.63-19.16) 0.397 population was 36.6% and no
Evet 39.7 111 19.16 (10.70-27.62) significant difference was fo-

Kaplan Meier, Log rank test, P<0.05 was considered statistically significant.

100 ‘1
7 Median 0S(95% CI)
- L KRAS G12C: 14,46 (8,34-20,58)
% 3;' | KRAS non-G12C: 15,36 (5,01-25,71)
~ o i
§ j1 p=0.201 Log rank test
» 3
o] : !

40

und between KRAS subtypes
in terms of brain metastasis
incidence (P: 0.312). Again,

KrasG12C when the entire patient popula-
mutation . . . -
Py tion is considered, no statisti-
T"Yes cally significant differences

were found in PFS (P: 0.799)
and OS (P: 0.397) between
patients with and without brain
metastases.

In a study conducted in
the Netherlands to determine
the prognostic significance of
KRAS G12C mutation in stage
4 NSCLC, patients were treat-
ed with first-line (chemo) im-

0 12 24 36 48 60 72 84 96

TIME (months)

Figure 6. Overall survival of KRAS G12C and KRAS non-G12C cohorts.

but increased sensitivity to paclitaxel and
pemetrexed, G12D mutation is associated with
decreased response to paclitaxel and increased
sensitivity to sorafenib, while G12V mutation
has a stronger cisplatin sensitivity and a mod-
erate pemetrexed resistance compared to wild-
type [15].

In our study, such an analysis could not be per-
formed due to the insufficient number of
patients. However, there was no statistically
significant difference in objective response
rates between KRAS G12C and non-KRAS
G12C groups to first-line treatment with
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120 munotherapy and overall sur-

vival was compared. Median
0S was 15.5 months in KRAS
G12C and 14.0 months in
KRAS non-G12C (P: 0.67) and
it was reported that KRAS sub-
type did not affect OS [19]. Confirming this
study, no significant difference was found
between KRAS subtypes in terms of PFS and
OS with first-line treatment in our study.

A targetable genomic alteration is not identi-
fied in almost half of lung adenocarcinomas.
Recent studies identified amplification of RI-
CTOR, an mTORC2-specific cofactor, as a novel
target in NSCLC [20]. According to the Cancer
Genome Atlas (TCGA) database, RICTOR ampli-
fication was found in 10.3% of adenocarcino-
mas and 15.8% of squamous cell carcinomas
of the lung (see TCGA Data Portal) [21, 22].

Am J Cancer Res 2025;15(7):3188-3196
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RICTOR amplification is associated with im-
proved sensitivity to mTOR1/2 inhibitors.

In our study, we found RICTOR mutation ac-
companying KRAS mutation in a total of 5
patients and all of them had adenocarcinoma
histology. In the KRAS non-G12C group, RICTOR
mutation accounted for 36.3% of the patients
with co-mutation. In this group, where there is
currently no proven targeted treatment option,
mTOR inhibitors may be a new therapeutic
option.

The important limitations of our study are that
it was retrospective and included a small num-
ber of patients. The lack of patients using cur-
rent treatment options (sotorasib, adagrasib)
among patients with KRAS G12C mutation may
have affected the survival data. In addition,
due to the insufficient number of patients
receiving immunotherapy, we could not identify
a patient group that will benefit from immuno-
therapy-basedtherapeutic regimens. Therefore,
we believe that prospective studies with large
cohorts including current treatment options
are needed.

Conclusions

No significant differences were found between
KRAS subtypes (G12C vs. non-G12C) in KRAS
mutant metastatic NSCLC patients in terms of
clinical, prognostic and survival data.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Ali Aytac, Depart-
ment of Medical Oncology, Mehmet Akif inan
Training and Research Hospital, Sanhurfa, Tlrkiye.
Tel: +90-5069141024; Fax: +90-414-3816707;
E-mail: dr_aliaytac@hotmail.com

References

[1]  Gandhi L, Rodriguez-Abreu D, Gadgeel S, Este-
ban E, Felip E, De Angelis F, Domine M, Clingan
P, Hochmair MJ, Powell SF, Cheng SY, Bischoff
HG, Peled N, Grossi F, Jennens RR, Reck M, Hui
R, Garon EB, Boyer M, Rubio-Viqueira B, No-
vello S, Kurata T, Gray JE, Vida J, Wei Z, Yang J,
Raftopoulos H, Pietanza MC and Garassino
MC; KEYNOTE-189 Investigators. Pembroli-
zumab plus chemotherapy in metastatic non-
small-cell lung cancer. N Engl J Med 2018;
378:2078-2092.

3195

(2]

(3]

(4]

(5]

(6]

(7]

Carbone DP, Reck M, Paz-Ares L, Creelan B,
Horn L, Steins M, Felip E, van den Heuvel MM,
Ciuleanu TE, Badin F, Ready N, Hiltermann TJN,
Nair S, Juergens R, Peters S, Minenza E, Wran-
gle JM, Rodriguez-Abreu D, Borghaei H, Blu-
menschein GR Jr, Villaruz LC, Havel L, Krejci J,
Corral Jaime J, Chang H, Geese WJ, Bhaga-
vatheeswaran P, Chen AC and Socinski MA;
CheckMate 026 Investigators. First-line nivo-
lumab in stage iv or recurrent non-small-cell
lung cancer. N Engl J Med 2017; 376: 2415-
2426.

Borghaei H, Paz-Ares L, Horn L, Spigel DR,
Steins M, Ready NE, Chow LQ, Vokes EE, Felip
E, Holgado E, Barlesi F, Kohlhaufl M, Arrieta O,
Burgio MA, Fayette J, Lena H, Poddubskaya E,
Gerber DE, Gettinger SN, Rudin CM, Rizvi N,
Crino L, Blumenschein GR Jr, Antonia SJ, Dor-
ange C, Harbison CT, Graf Finckenstein F and
Brahmer JR. Nivolumab versus docetaxel in
advanced nonsquamous non-small-cell lung
cancer. N Engl J Med 2015; 373: 1627-39.
Herbst RS, Baas P, Kim DW, Felip E, Pérez-Gra-
cia JL, Han JY, Molina J, Kim JH, Arvis CD, Ahn
MJ, Majem M, Fidler MJ, De Castro G Jr, Garri-
do M, Lubiniecki GM, Shentu Y, Im E, Dolled-
Filhart M and Garon EB. Pembrolizumab
versus docetaxel for previously treated, PD-L1-
positive, advanced non-small-cell lung cancer
(KEYNOTE-010): a randomised controlled trial.
Lancet 2016; 387: 1540-1550.

Ricciuti B, Leonardi GC, Metro G, Grignani F,
Paglialunga L, Bellezza G, Baglivo S, Mencaro-
ni C, Baldi A, Zicari D and Crind L. Targeting the
KRAS variant for treatment of non-small cell
lung cancer: potential therapeutic applica-
tions. Expert Rev Respir Med 2016; 10: 53-68.
Skoulidis F, Byers LA, Diao L, Papadimitrako-
poulou VA, Tong P, 1zzo J, Behrens C, Kadara H,
Parra ER, Canales JR, Zhang J, Giri U, Gudikote
J, Cortez MA, Yang C, Fan Y, Peyton M, Girard L,
Coombes KR, Toniatti C, Heffernan TP, Choi M,
Frampton GM, Miller V, Weinstein JN, Herbst
RS, Wong KK, Zhang J, Sharma P, Mills GB,
Hong WK, Minna JD, Allison JP, Futreal A, Wang
J, Wistuba Il and Heymach JV. Co-occurring
genomic alterations define major subsets of
KRAS-mutant lung adenocarcinoma with dis-
tinct biology, immune profiles, and therapeutic
vulnerabilities. Cancer Discov 2015; 5: 860-
77.

Skoulidis F, Li BT, Dy GK, Price TJ, Falchook GS,
Wolf J, Italiano A, Schuler M, Borghaei H, Bar-
lesi F, Kato T, Curioni-Fontecedro A, Sacher A,
Spira A, Ramalingam SS, Takahashi T, Besse
B, Anderson A, Ang A, Tran Q, Mather O, Henary
H, Ngarmchamnanrith G, Friberg G, Velcheti V
and Govindan R. Sotorasib for lung cancers
with KRAS p.G12C mutation. N Engl J Med
2021; 384: 2371-2381.

Am J Cancer Res 2025;15(7):3188-3196


mailto:dr_aliaytac@hotmail.com

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

Kras mutations in lung cancer

Mascaux C, lannino N, Martin B, Paesmans M,
Berghmans T, Dusart M, Haller A, Lothaire P,
Meert AP, Noel S, Lafitte JJ and Sculier JP. The
role of RAS oncogene in survival of patients
with lung cancer: a systematic review of the
literature with meta-analysis. Br J Cancer
2005; 92: 131-9.

Sun JM, Hwang DW, Ahn JS, Ahn MJ and Park
K. Prognostic and predictive value of KRAS mu-
tations in advanced non-small cell lung cancer.
PL0S One 2013; 8: e64816.

Zer A, Ding K, Lee SM, Goss GD, Seymour L,
Ellis PM, Hackshaw A, Bradbury PA, Han L,
O’Callaghan CJ, Tsao MS and Shepherd FA.
Pooled analysis of the prognostic and predic-
tive value of KRAS mutation status and muta-
tion subtype in patients with non-small cell
lung cancer treated with epidermal growth fac-
tor receptor tyrosine kinase inhibitors. J Thorac
Oncol 2016; 11: 312-23.

Jeanson A, Tomasini P, Souquet-Bressand M,
Brandone N, Boucekine M, Grangeon M, Cha-
leat S, Khobta N, Milia J, Mhanna L, Greillier L,
Biemar J, Nanni |, Ouafik L, Garcia S, Maziéres
J, Barlesi F and Mascaux C. Efficacy of immune
checkpoint inhibitors in KRAS-mutant Non-
Small Cell Lung Cancer (NSCLC). J Thorac On-
col 2019; 14: 1095-1101.

Sabari JK, Velcheti V, Shimizu K, Strickland
MR, Heist RS, Singh M, Nayyar N, Giobbie-Hur-
der A, Digumarthy SR, Gainor JF, Rajan AP,
Nieblas-Bedolla E, Burns AC, Hallin J, Olson P,
Christensen JG, Kurz SC, Brastianos PK and
Wakimoto H. Activity of Adagrasib (MRTX849)
in brain metastases: preclinical models and
clinical data from patients with KRASG12C-
mutant non-small cell lung cancer. Clin Cancer
Res 2022; 28: 3318-3328.

Kalikaki A, Koutsopoulos A, Hatzidaki D, Trypa-
ki M, Kontopodis E, Stathopoulos E, Mavroudis
D, Georgoulias V and Voutsina A. Clinical out-
come of patients with non-small cell lung can-
cer receiving front-line chemotherapy accord-
ing to EGFR and K-RAS mutation status. Lung
Cancer 2010; 69: 110-5.

Mao C, Qiu LX, Liao RY, Du FB, Ding H, Yang
WC, Li J and Chen Q. KRAS mutations and re-
sistance to EGFR-TKIs treatment in patients
with non-small cell lung cancer: a meta-analy-
sis of 22 studies. Lung Cancer 2010; 69: 272-
8.

Garassino MC, Marabese M, Rusconi P, Rulli E,
Martelli O, Farina G, Scanni A and Broggini M.
Different types of K-Ras mutations could affect
drug sensitivity and tumour behaviour in non-
small-cell lung cancer. Ann Oncol 2011; 22:
235-237.

3196

(16]

[17]

(18]

[20]

(21]

[22]

Dong ZY, Zhong WZ, Zhang XC, Su J, Xie Z, Liu
SY, Tu HY, Chen HJ, Sun YL, Zhou Q, Yang JJ,
Yang XN, Lin JX, Yan HH, Zhai HR, Yan LX, Liao
RQ, Wu SP and Wu YL. Potential predictive val-
ue of TP53 and KRAS mutation status for re-
sponse to PD-1 blockade immunotherapy in
lung adenocarcinoma. Clin Cancer Res 2017;
23:3012-3024.

Salem ME, El-Refai SM, Sha W, Puccini A,
Grothey A, George TJ, Hwang JJ, O’Neil B, Bar-
rett AS, Kadakia KC, Musselwhite LW, Ragha-
van D, Van Cutsem E, Tabernero J and Tie J.
Landscape of KRAS®'%C, associated genomic
alterations, and interrelation with immuno-on-
cology biomarkers in KRAS-mutated cancers.
JCO Precis Oncol 2022; 6: €2100245.
Lamberti G, Aizer A, Ricciuti B, Alessi JV, Pecci
F, Tseng SC, Sholl LM, Nishino M and Awad
MM. Incidence of brain metastases and pre-
liminary evidence of intracranial activity with
sotorasib in patients with KRAS®*?°-mutant
non-small-cell lung cancer. JCO Precis Oncol
2023; 7: €2200621.

Noordhof AL, Swart EM, Damhuis RAM, Hen-
driks LEL, Kunst PWA, Aarts MJ and van Geffen
WH. Prognostic implication of KRAS G12C mu-
tation in a real-world KRAS-Mutated Stage IV
NSCLC cohort treated with immunotherapy in
the netherlands. JTO Clin Res Rep 2023; 4:
100543.

Kim LC, Rhee CH and Chen J. RICTOR am-
plification promotes NSCLC cell proliferation
through formation and activation of mTORC2
at the expense of mMTORC1. Mol Cancer Res
2020; 18: 1675-1684.

Imielinski M, Berger AH, Hammerman PS, Her-
nandez B, Pugh TJ, Hodis E, Cho J, Suh J, Ca-
pelletti M, Sivachenko A, Sougnez C, Auclair D,
Lawrence MS, Stojanov P, Cibulskis K, Choi K,
De Waal L, Sharifnia T, Brooks A, Greulich H,
Banerji S, Zander T, Seidel D, Leenders F, An-
sén S, Ludwig C, Engel-Riedel W, Stoelben E,
Wolf J, Goparju C, Thompson K, Winckler W,
Kwiatkowski D, Johnson BE, Janne PA, Miller
VA, Pao W, Travis WD, Pass HI, Gabriel SB,
Lander ES, Thomas RK, Garraway LA, Getz G
and Meyerson M. Mapping the hallmarks of
lung adenocarcinoma with massively parallel
sequencing. Cell 2012; 150: 1107-20.

Cancer Genome Atlas Research Network. Com-
prehensive genomic characterization of squa-
mous cell lung cancers. Nature 2012; 489:
519-25.

Am J Cancer Res 2025;15(7):3188-3196



