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ABSTRACT

Introduction: Kras mutation is the most common driver
oncogene present in patients with NSCLC. Recently, the
precision medicine for patients with Kras-mutated NSCLC
has been under investigation, but the best treatment is still
unknown. This study aimed to analyze the clinical charac-
teristics, immune checkpoint inhibitor (ICI) response, and
prognostic factors of patients with NSCLC with different
Kras mutation subtypes.

Methods: From 2005 to 2018, we collected nonsquamous
NSCLC tissue samples for Kras mutation analysis using
direct Sanger sequencing or MassARRAY genotyping (Agena
Bioscience, San Diego, CA) at the National Taiwan University
Hospital. Clinical characteristics, ICI treatment effectiveness,
time-to-tumor recurrence (TTR), and overall survival (OS)
were analyzed using multivariate Cox models, to estimate
adjusted hazard ratios (HRs).

Results: Among 5278 patients with nonsquamous NSCLC,
246 (4.7%) had Kras mutations. The major Kras mutation
subtypes were G12C (32.9%), G12D (23.7%), and G12V
(18.9%). Patients with Kras-G12C had a higher proportion
of male individuals (p ¼ 0.018) and smokers (p < 0.001).
Among the 25 patients treated with ICIs, patients with Kras-
G12C had a higher response rate (53.8% versus 8.3%, p ¼
0.030) and longer progression-free survival (4.8 mo versus
2.1 mo, p ¼ 0.028) than those with Kras-non-G12C. For the
85 patients with early-stage NSCLC, those with G12C had
shorter TTR (22.8 mo) than those with Kras-non-G12C (97.7
mo, p ¼ 0.004). For the 143 patients with advanced-stage
NSCLC, there was a significant difference in OS between
patients with Kras-G12C and Kras-non-G12C (7.7 mo versus
JTO Clinical and Research Reports Vol. 2 No. 2: 100140

mailto:jyshih@ntu.edu.tw
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jtocrr.2020.100140
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jtocrr.2020.100140&domain=pdf


2 Wu et al JTO Clinical and Research Reports Vol. 2 No. 2
6.0 mo, p ¼ 0.018) and patients with Kras-G12V had the
shortest OS (5.2 mo). Multivariate analysis revealed asso-
ciation of shorter OS with Kras-G12V (HR ¼ 2.47,
p ¼ 0.002), stage IV disease status (HR ¼ 2.69, p ¼ 0.008),
and NSCLC—not otherwise specified histology (HR ¼ 3.12,
p ¼ 0.002).

Conclusions: Kras-G12C was associated with favorable ICI
treatment effectiveness in patients with NSCLC. Kras-G12C
mutation was associated with shorter TTR in patients with
early-stage NSCLC, and Kras-G12V mutation was associated
with shorter OS in patients with advanced-stage NSCLC
when comparing with Kras-G12C.

� 2020 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Keywords: Kras mutation; G12C; Lung cancer; Immuno-
therapy; PD-L1; Concomitant mutation
Introduction
Lung cancer is the leading cause of cancer deaths

worldwide. In recent decades, the promising evolution of
NSCLC treatment is personalized therapy. Treatment with
the corresponding molecular-targeted medication pro-
vides a favorable antitumoreffectiveness and improves the
survival for patients with NSCLC harboring oncogenic
drivermutations, suchasEGFR,Braf,ALK, andROS-1 fusion
genes.1-5 However, for personalized target therapy, it is
most important to detect the oncogenic driver mutations.

Activating mutations in Kras (KRAS homolog),
impairing guanosine triphosphatase activity, play a
pivotal role in oncogenic transformation.6,7 Krasmutation
is frequently identified in a variety of cancers, including
lung, pancreatic, and colorectal.8,9 Kras-mutant lung can-
cers account for approximately 25% to 35% of NSCLCs,
thus representing an enormous cancer burden world-
wide.10 The Kras mutation rates of lung adenocarcinoma
in non-Asian patients are higher than those in Asian pa-
tients.10,11 In addition, Kras mutation occurs more
frequently in smokers than in nonsmokers.12,13 Owing to
the low incidence of Kras mutations in lung cancer in
Eastern Asia, there were only a few Asian studies and they
contained small patient numbers. The incidences of vari-
able Kras mutation subtypes, clinical characteristics, and
prognostic factors for NSCLC in Asia are not clear.

The prognostic value of Krasmutation in lung cancer is
controversial.14-16 In addition, the different Krasmutation
subtypes may affect clinical outcome and prognosis.17

Kras-G12C or G12V mutations have been reported to be
associated with shorter progression-free survival (PFS)
than other Kras mutation subtypes.17,18 However, some
studies did not reveal the predicted value of specific Kras
mutation subtypes in their clinical prognosis.19,20

For more than three decades, there were no prom-
ising medications targeted at Kras mutations. Therefore,
patients with advanced-stage NSCLC with Kras muta-
tions received chemotherapy as the standard treatment.
Recently, the first investigation on a Kras-G12C inhibitor,
AMG 510, is currently enrolling, in a phase 2 clinical trial.
In addition to AMG 510, MRTX 849, a Kras-G12C inhib-
itor, is being used in phase 1 and 2 clinical trials (NCT
03785249, NCT04330664, NCT04613596). Neverthe-
less, identifying the clinical characteristics and prognosis
of patients with NSCLC with different subtypes of Kras
mutations is still very important for clinical researchers
to plan future treatment strategy and related clinical
trials on Kras mutations.

NSCLCwithKrasmutation is associatedwith not only a
high frequency of co-occurring genetic mutations but also
increased programmed death-ligand 1 (PD-L1) expres-
sion and high tumor mutation burden.16,21-23 The
exploratory analysis of KEYNOTE-042 and KEYNOTE-189
revealed that pembrolizumab, an immune checkpoint in-
hibitor (ICI), improved the treatment response and pro-
longed the PFS and overall survival (OS) in Kras-mutant
NSCLC comparedwith chemotherapy only.24,25 Because of
the genetic heterogeneity in Kras-mutant NSCLC, the
effectiveness of chemotherapy or immunotherapy var-
ies.16,25 Therefore, the optimal therapy was still unclear.

To understand the clinical prognosis and to explore the
optimal therapies of nonsquamous NSCLC with Kras mu-
tations,we collected a large cohort of nonsquamousNSCLC
tissue samples for Kras mutation analysis and correlated
the Kras mutation subtypes with their clinical character-
istics, effectiveness of immunotherapy, and prognosis.
Materials and Methods
Patients and Tissue Procurement

From 2005 to 2018, we consecutively collected tissue
specimens to detect Kras mutation at the National
Taiwan University Hospital (NTUH). Most tissue speci-
mens, which were of NSCLC, included those of surgical
excisional tumor, bronchoscopy biopsy, sonography or
computed tomography (CT)–guided biopsy, and malig-
nant pleural effusions or ascites. All enrolled patients
signed informed consent for future molecular analyses.
This study was approved by the Institutional Review
Board (REC Nos. 201103013RC and 201111039RIC) of
the NTUH Research Ethics Committee. The NTUH pro-
vides service to more than 12% of newly diagnosed
patients with lung cancer in Taiwan every year. The high
proportion is thought to be representative of the popu-
lation of patients with lung cancer in Taiwan.
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TheWHO classification of lung tumors was adopted for
the diagnosis and histology classification of lung cancer.26

For all patients with lung cancer, a complete lung cancer
stagingworkupwas arranged, includingCTof the chest and
abdomen, brain imaging, and whole-body bone scintig-
raphy.27The clinical anddemographic characteristics of the
patients and imaging reports were recorded. In addition,
nonsmokerswere defined aspatientswho had smoked less
than 100 cigarettes in their lifetime,28 and all others were
categorized as smokers. The patients’ cancer stage, Eastern
Cooperative Oncology Group performance status,29 sys-
temic therapy, and treatment responsewere also recorded.
Response Evaluation of Patients With
Nonsquamous NSCLC

The enrolled patients received systemic treatments,
including target therapy, chemotherapy, and immuno-
therapy. Chest radiography every 2 to 4 weeks and CT of
the chest (including the liver and adrenal glands) every 2
to 3 months were performed as routine clinical practice
and as needed, for the evaluation of the treatment
response. The treatment response was evaluated using
the Response Evaluation Criteria in Solid Tumors guide-
lines (version 1.1).30 The objective responses were
defined as complete remission, partial response, stable
disease, and progressive disease.30 Time-to-tumor recur-
rence (TTR) was defined as the time from the tumor
resection to tumor recurrence (local or metastatic) in
patients with early-stage (I–IIIa) disease status. OS was
defined as the period from the date of first-line systemic
treatment to the date of death. PFS of ICIs was defined as
the duration from the initiation of ICI treatment to disease
progression or death, whichever occurred first.
Detection of Kras Mutation
The detection of Kras mutations in tissue specimens

was by Sanger sequencing or matrix-assisted laser
desorption ionization-time-of-flight (MALDI-TOF) mass
spectrometry. The process and related methods of the
Kras mutation analysis are as described previously.31,32

Briefly, for the Sanger sequence, the reversed-
transcriptase polymerase chain reaction (PCR) was used
to amplify exons 2 to 3 of the Kras gene by using the
following primers: forward, 5-GGCCTGCTGAAAATG
ACTGA-3, and reverse, 5-TCTTGCTAAGTCCTGAGCCTG
TT-3. The Kras reference sequence was based on
NM_004985 from the National Center for Biotechnology
Information database. PCR amplicons were sequenced
with ABI PRISM 3100 (Applied Biosystems, Foster City,
CA) in both sense and antisense directions.

After 2011, a MALDI-TOF mass spectrometry was
adapted for the gene mutation detection of lung cancer
specimens at the NTUH in addition to the detection by
Sanger sequencing. First, DNA was extracted from the
tumor samples using the QIAmp DNA Mini kit (Qiagen,
Valencia, CA), following the manufacturer’s protocol.
MALDI-TOF MS was used to detect the genetic alter-
ations of Kras on the basis of modified methods.33 The
analysis of the results was performed according to the
manufacturer’s protocol for the MassARRAY system.

Histologic Evaluation and
Immunohistochemistry Staining

For immunohistochemistry (IHC) staining of PD-L1
expression in tumor tissue, 4-mm-thick sections from each
formalin-fixed, paraffin-embedded tissue blocks were
dewaxed with xylene and rehydrated in a graded series of
ethanol. The following two PD-L1 test methods were
adopted: PD-L1 IHC 22C3 pharmDx (Agilent Technologies,
Santa Clara, CA) on the DAKOAutostainer Link 48 platform
(Agilent Technologies) and the Ventana PD-L1 (SP263)
assays (Ventana Medical System, Tucson, AZ) on Ventana
BenchMark platforms (Ventana Medical System). The
quantification of immunoreactive tumor cells was per-
formed according to themanufacturer’s recommendations.
Briefly, tumor cells with partial or complete membranous
staining with any staining intensity were considered posi-
tive. The ratio between stained tumor cells and all viable
tumor cells, defined as tumor proportion score (TPS), was
evaluated by experienced pathologists.34

Statistical Analysis
All statistical analyseswereperformedby IBMSPSS for

Windows, version 22.0 (IBM Corp., Armonk, NY). Chi-
square test was used for the analysis of all categorical
variables. Fisher’s exact test was used when the sampling
variability was less than or equal to five. Nonparametric
Mann-Whitney U test was used to compare the median
ages between the two groups. One-way analysis of vari-
ance was used to analyze the differences between patient
characteristics among the different subtypes of Kras mu-
tations. Survival curves were plotted using the Kaplan-
Meier method and compared between groups using the
log-rank test. Multivariate Cox models were used to esti-
mate adjusted hazard ratios (HRs). Two-sided p value of
less than 0.05 was considered statistically significant.

Results
Clinical Demographics of Patients With
Nonsquamous NSCLC With Kras Mutations

From 2005 to 2018, we consecutively collected tu-
mor tissues from 5278 patients with nonsquamous
NSCLC, and 246 patients (4.7%) had tumors with Kras
mutations. Of these, 18 patients with double cancers in
addition to lung cancers were excluded and 228 patients
were enrolled for further analysis.



Table 1. Clinical Characteristics of Kras Mutation in Patients With Nonsquamous NSCLC

Characteristics All Patients G12C Non-G12C p

Total 228 75 (32.9) 153 (67.1)
Age, median, y (range) 66.0 (31.6–93.3) 67.0 (45.5–93.0) 65.5 (31.6–93.3) 0.463a

Sex 0.018
Female 69 15 (20.0) 54 (35.3)
Male 159 60 (80.0) 99 (64.7)

Smoking status <0.001
Nonsmokers 84 14 (18.7) 70 (45.8)
Smokers 144 61 (81.3) 83 (54.2)

Stage 0.376
I–IIIa 85 31 (41.3) 54 (35.3)
IIIb or IV 143 44 (58.7) 99 (64.7)

Tumor 0.132
Adenocarcinoma 203 71 (94.7) 132 (86.3)
Pleomorphic or sarcomatoid 14 3 (4.0) 11 (7.2)
NSCLC-NOS 11 1 (1.3) 10 (6.5)

Note: Values are given in number (%) unless indicated otherwise.
aBy Mann-Whitney U test.
NOS, not otherwise specified.
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The clinical and demographic characteristics of the
228 patients are listed in Table 1 and Supplementary
Table 1. The median age was 66.0 (range: 31.6–93.3)
years. There were 159 male individuals (69.7%) and 144
smokers (63.2%). The disease status of the patients
included 85 early-stage (I–IIIa) and 143 advanced-stage
(IIIb or IV) disease statuses. The histology subtypes of
nonsquamous NSCLC included 203 lung adenocarcinoma,
14 pleomorphic or sarcomatoid, and 11 NSCLC—not
otherwise specified (NOS).
The Proportion of Patients With Kras Mutations
Of the 228 patients with Kras mutations, the mutation

types included75G12C (32.9%), 54G12D(23.7%), 43G12V
(18.9%), 38G12Aor SorR (16.7%), 16 codonG13CorDor S
(7.0%), and two Q61H or K (0.9%) (Supplementary Table 1
andSupplementaryFig. 1). PatientswithKras-G12C also had
a higher proportion of male individuals (80.0%, p ¼ 0.018)
and smokers (81.3%, p< 0.001) than those with Kras-non-
G12C (64.7%and54.2%, respectively) (Table1). In contrast,
patients with Kras-G12C accounted for 42.4% (N ¼ 61) of
the 144 smokers. In addition, therewas a trend that patients
with other Kras mutation subtypes (G13C or D or V, and
Q61H or K) had more advanced-stage (IIIb or IV) status
comparedwith thosewith codonG12mutations (p¼ 0.054)
(Supplementary Table 1).
PD-L1 Expression and Clinical Outcome of
Immunotherapy According to Kras Mutation
Subtypes

In the cohort, there were 42 patients who had
adequate tissues for PD-L1 IHC staining. The PD-L1 IHC
stains revealed 16 patients (38.1%) with TPS of greater
than 50%, 13 (31.0%) with TPS of 1% to 49%, and 13
patients (31.0%) with TPS of less than 1%. There were
no considerable differences in sex, age, smoking, stage
(I–IIIa versus IIIb or IV), tumor histology, or Kras mu-
tation subtypes between PD-L1 positivity (�1% TPS)
and negativity (<1% TPS) (Table 2).

There were 27 patients with Kras mutation who had
received ICI treatment. Twopatientswereexcluded fromthe
analysis on the treatment effectiveness because of having
taken ICIs as a palliative treatment under severe critical
conditions. Of the remaining 25 patients, therewere 21male
individuals and 18 smokers (Table 3). The Kras mutation
subtypes included 13 Kras-G12C and 12 Kras-non-G12C. Of
these, 20 patients received ICIs as a single treatment.

Among the 25 patients treated with ICIs, there were
eight responders (32.0%), including seven Kras-G12C
and one Kras-non-G12C. Patients with Kras-G12C
(53.8%, seven of 13) had higher ICI objective response
rate (ORR) than those with Kras-non-G12C (8.3%, one of
12) (p ¼ 0.030). In addition, patients with Kras-G12C
had significantly longer PFS (4.8 mo) than those with
Kras-non-G12C (2.1 mo, p ¼ 0.028) (Fig. 1).

A total of five (41.7%;,five of 12), three (37.5%; three
of eight), and zero (0%; zero of five) ICI responders had
tumors with TPS of greater than or equal to 50%, 1% to
49%, and less than 1% of PD-L1 expression, respectively
(p ¼ 0.225). There were no marked differences in sex,
age, smoking history, PD-L1 IHC, ICIs, or combination
treatment between responders and nonresponders.
The Prognosis of the Patients With Early-Stage
(Stages I–IIIa) NSCLC

For the 85 patients with early-stage (I–IIIa) NSCLC, the
clinical and demographic characteristics are listed in



Table 2. Clinical Characteristics of Patients With Nonsquamous NSCLC Who Had the Results of PD-L1 IHC Stain

Characteristics All Patients PD-L1 Positivea (TPS � 1%) PD-L1 Negative (TPS < 1%) p

Total 42 29 (69.0) 13 (31.0)
Age, median, y (range) 64.1 (38.9–87.5) 64.3 (38.9–85.8) 63.9 (50.1–87.5) 1.000b

Sex 0.422c

Female 9 5 (17.2) 4 (30.8)
Male 33 24 (82.8) 9 (69.2)

Smoking status 1.000c

Nonsmokers 13 9 (31.0) 4 (30.8)
Smokers 29 20 (69.0) 9 (69.2)

Stage 0.501
I–IIIa 18 11 (37.9) 7 (53.8)
IIIb or IV 24 18 (62.1) 6 (46.2)

Tumor 0.540c

Adenocarcinoma 39 26 (89.7) 13 (100.0)
Otherd 3 3 (10.3) 0 (0.0)

Kras mutation 0.317
G12C 21 13 (44.8) 8 (61.5)
Non-G12C 21 16 (55.2) 5 (38.5)

Note: Values are given in number (%) unless indicated otherwise.
aPD-L1 IHC by DAKO 22C3 and SP263.
bBy Mann-Whitney U test.
cBy Fisher’s exact test.
dTwo NSCLC-NOS and one pleomorphic carcinoma.
IHC, immunohistochemistry; NOS, not otherwise specified; PD-L1, programmed death-ligand 1; TPS, tumor proportion score.
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Table 4. The disease status of the patients revealed that
45, 20, and 20 patients had stages I, II, and IIIa, respec-
tively. Of the patients with early-stage NSCLC, Kras-G12C
was the major (36.5%, 31 of 85) Kras mutation subtype
and associated with a higher proportion of male in-
dividuals (77.4%, p ¼ 0.044) and smokers (77.4%, p ¼
0.002) than those with Kras-non-G12C (Table 4).

After the surgical intervention for the patients with
early-stage lung cancer, 46 patients had tumor recur-
rence. The recurrence lesions include 25 intrathoracic
(19 lung, five mediastinal lymph nodes, and one malig-
nant pleural effusions), 14 extrathoracic (11 brain, one
bone, one liver, and one neck lymph node), and seven
intrathoracic and extrathoracic. There were no signifi-
cant differences in recurrence lesion between different
Kras mutation subtypes (p ¼ 0.589) (Supplementary
Table 2).

Patients with Kras-G12C had shorter TTR (22.8 mo)
than those with Kras-non-G12C (97.7 mo, p ¼ 0.004)
(Fig. 2A). For different mutation subtypes of Kras, the
difference in TTR among patients with G12C (22.8 mo),
G12D (unmatured), G12V (unmatured), and G12A or S or
R or other (97.7 mo) Kras mutation patterns was
statistically significant (p ¼ 0.036) (Supplementary
Fig. 2A).

The Prognosis of the Patients With Advanced-
Stage (Stages IIIb–IV) NSCLC

For the 143 patients with advanced-stage (IIIb or IV)
NSCLC, the clinical and demographic characteristics are
listed in Table 4. Among the patients with advanced-
stage NSCLC, Kras-G12C was the major (30.8%) Kras
mutation subtype. Compared with patients with Kras-
non-G12C, the patients with Kras-G12C had a higher
proportion of smokers (84.1%, p ¼ 0.006). In addition,
Kras-non-G12C was associated with higher proportion of
stage IV disease status (93.9%, p ¼ 0.004) (Table 4).

There was a significant difference in OS between
patients with Kras-G12C and Kras-non-G12C (7.7 mo
versus 6.0 mo, p ¼ 0.018) (Table 5 and Fig. 2B). For
different Kras mutation subtypes, the difference in OS
among patients with G12C (7.7 mo), G12D (11.7 mo),
G12V (5.2 mo), and G12A or S or R or other (5.7 mo)
Kras mutation subtypes was significant (p ¼ 0.019)
(Supplementary Fig. 2B).

Patients with stage IIIb disease status had longer OS
than those with stage IV disease status (32.2 mo versus
5.7 mo, p ¼ 0.002). Nonsmokers had a longer OS than
smokers (7.4 mo versus 5.3 mo, p ¼ 0.039). In addition,
there was a significant difference in OS among patients
with lung adenocarcinoma (7.4 mo), pleomorphic or
sarcomatoid carcinoma (2.5 mo), and NSCLC-NOS (1.3
mo, p < 0.001) (Table 5).

Multivariate analysis was performed using the Cox
regression model to determine the potential predictive
factors of OS, including sex, smoking, stage, histology
classification, and Krasmutation subtypes in patients with
advanced-stage (IIIb or IV) NSCLC with Kras mutations
(Table 5). Compared with Kras-G12C, Kras-G12V (HR,
2.47, 95% confidence interval [CI]: 1.39–4.39, p ¼ 0.002)



Table 3. Clinical Characteristics of Patients With Nonsquamous NSCLC Who Received ICIs

Characteristics All Patients Responder Nonresponder pa

Total 25 8 (32.0) 17 (68.0)
Age, median, y (range) 63.2 (38.9–85.8) 60.2 (45.5–80.5) 63.9 (38.9–85.8) 0.673b

Sex 1.000
Female 4 1 (12.5) 3 (17.6)
Male 21 7 (87.5) 14 (82.4)

Smoking status 1.000
Nonsmokers 7 2 (25.0) 5 (29.4)
Smokers 18 6 (75.0) 12 (70.6)

Tumor 0.448
Adenocarcinoma 22 8 (100.0) 14 (82.4)
Pleomorphic or sarcomatoid 1 0 (0.0) 1 (5.9)
NSCLC-NOS 2 0 (0.0) 2 (11.8)

PD-L1 TPS, % 0.225
>50 12 5 (62.5) 7 (41.2)
1–49 8 3 (37.5) 5 (29.4)
<1 5 0 (0.0) 5 (29.4)

Kras mutations 0.030
G12C 13 7 (87.5) 6 (35.3)
Non-G12C 12 1 (12.5) 11 (64.7)
ICIs 0.548
Pembrolizumab 14 6 (75.0) 8 (47.1)
Nivolumab 2 0 (0.0) 2 (11.8)
Atezolizumab 5 1 (12.5) 4 (23.5)
Otherc 4c 1 (12.5) 3 (17.6)
Combination therapy 1.000
Combo 5 2 (25.0) 3 (17.6)
Single use 20 6 (75.0) 14 (82.4)

Note: Values are given in number (%) unless indicated otherwise.
aBy Fisher’s exact test.
bBy Mann-Whitney U test.
cOne tremelimumab plus durvalumab, one tislelizumab (BGB-A317), and two spartalizumab (PDR001).
ICI, immune checkpoint inhibitor; NOS, not otherwise specified; PD-L1, programmed death-ligand 1; TPS, tumor proportion score.
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was associated with shorter OS. In addition, smokers
(HR ¼ 1.69, 95% CI: 0.99–2.90, p ¼ 0.057), stage IV
disease status (HR ¼ 2.69, 95% CI: 1.30–5.59, p ¼ 0.008),
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Figure 1. Kaplan-Meier survival curve of progression-free
survival in patients with nonsquamous NSCLC with Kras mu-
tations who received ICIs. Differences in progression-free
survival between patients with Kras-G12C and Kras-non-
G12C were statistically significant (G12C [4.8 mo] versus non-
G12C [2.1 mo], p ¼ 0.028, by the log-rank test). ICI, immune
checkpoint inhibitor.
and NSCLC-NOS histology (HR ¼ 3.12, 95% CI: 1.53–6.36,
p ¼ 0.002) were associated with shorter OS.

Concomitant Mutation in Patients With Kras
Mutations

Among the 228 patients with Krasmutations, six (2.6%)
had tumors with concomitant Kras and EGFR mutations,
including three deletions in exon 19, two L858R, and one
G719S þ E709A (Supplementary Table 3). Of the six pa-
tients, four received EGFR tyrosine kinase inhibitor (TKI)
treatment (three gefitinib and one erlotinib). The treatment
responses were two for partial response and two for pro-
gressive disease. In addition, comutation of ALK fusions
(three of 120 patients [2.5%] studied) and Braf mutation
(one of 201 patients [0.5%] studied) was detected.

Among the 10 patients with concomitant mutations,
there were four Kras-G12D, three Kras-G12S, one Kras-
G12V, one Kras-G12C, and one Kras-Q61H. All six
(100.0%) patients co-concomitant with EGFR mutations
had three Kras-G12D and three Kras-G12S, respectively.
In contrast, patients with ALK fusion genes did not have
concomitant Kras-G12D or S.



Table 4. Clinical Characteristics of Kras Mutation in Patients With Early-Stage (I–IIIa) and Advanced-Stage (IIIb or IV)
Nonsquamous NSCLC

Characteristics

Early Stage (I–IIIa)

P

Advanced Stage (IIIb or IV)

pTotal G12C Non-G12C Total G12C Non-G12C

Total 85 31 (36.5) 54 (63.5) 143 44 (30.8) 99 (69.2)
Age, median, y (range) 64.4

(40.5–87.5)
67.9

(45.5–84.9)
63.1

(40.5–87.5)
0.517a 66.2

(31.6–93.3)
66.2

(46.7–93.0)
66.5

(31.6–93.3)
0.723a

Sex 0.044 0.130
Female 31 7 (22.6) 24 (44.4) 38 8 (18.2) 30 (30.3)
Male 54 24 (77.4) 30 (55.6) 105 36 (81.8) 69 (69.7)

Smoking status 0.002 0.006
Nonsmokers 38 7 (22.6) 31 (57.4) 46 7 (15.9) 39 (39.4)
Smokers 47 24 (77.4) 23 (42.6) 97 37 (84.1) 60 (60.6)

Stage 0.246
I 45 13 (41.9) 32 (59.3)
II 20 8 (25.8) 12 (22.2)
IIIa 20 10 (32.3) 10 (18.5) 0.004
IIIb 16 10 (22.7) 6 (6.1)
VI 127 34 (77.3) 93 (93.9)

Histology 0.742 0.192
Adenocarcinoma 81 30 (96.8) 51 (94.4) 122 41 (93.2) 81 (81.8)
Pleomorphic or sarcomatoid 3 1 (3.2) 2 (3.7) 11 2 (4.5) 9 (9.1)
NSCLC-NOS 1 0 (0.0) 1 (1.9) 10 1 (2.3) 9 (9.1)

Note: Values are given in number (%) unless indicated otherwise.
aBy Kruskal-Wallis test.
NOS, not otherwise specified.
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Discussion
The Kras mutation is an important oncogenic driver

mutation of lung cancer. However, the mutation rates
differ between patients in Eastern Asia and Western
countries. This study is the largest lung cancer cohort of
Kras mutations in Eastern Asia, and 4.7% (246 of 5278)
of patients with nonsquamous NSCLC in Taiwan were
found harboring tumors with Kras mutations. Kras-
G12C was the major subtype. Patients with Kras-G12C
mutation had higher response rate and PFS of ICI
treatment than those with Kras-non-G12C. In addition,
Kras-G12C was associated with shorter TTR in patients
with early-stage (I–IIIa) NSCLC. For patients with
advanced-stage (IIIb or IV) NSCLC, Kras-G12V mutation
was associated with shorter OS compared with Kras-
G12C. Patients co-concomitant with EGFR mutations
had more Kras-G12D or S.

Patients with Kras mutations have higher tumor
mutation burdens and PD-L1 expression,16,23-25 and both
were highly correlated with the response to immuno-
therapy. According to the subset analysis of KEYNOTE-
042 and KEYNOTE-189, pembrolizumab monotherapy
or plus chemotherapy both improved the treatment
response and prolonged the PFS and OS in Kras-mutant
NSCLC compared with chemotherapy only.24,25 In
KEYNOTE-042 study, 12 patients with Kras-G12C mu-
tations who received pembrolizumab have a 66.7% of
ORR versus a ORR of 23.5% in 17 patients on
chemotherapy. This study revealed that the patients with
Kras-G12C experienced better treatment benefit from
ICIs. Especially, patients with Kras-G12C had higher
response rate (53.8%) and longer PFS than those with
Kras-non-G12C. The favorable treatment effectiveness of
ICIs seems to indicate that ICIs is the treatment choice
for patients with Kras-G12C. Further clinical trials are
necessary to investigate the treatment effectiveness.

This study revealed a Kras mutation rate of 4.7% in
patients with nonsquamous NSCLC in Taiwan, which was
significantly lower than that in the Western pop-
ulations.21,35 The finding is similar to that of studies
from other Eastern Asian countries, in which Kras mu-
tation rates have been reported to be less than 10%.36-38

However, it is difficult to analyze and draw strong con-
clusions owing to the small sample sizes of the patients
with Kras mutations in previous studies,31,36,38 espe-
cially for the different mutation subtypes. Geographic
(ethnic) differences and methodology in the detection of
Kras mutations may also have led to the differences. This
study has the largest sample size of the Eastern Asian
population studies and could provide promising infor-
mation to clinicians and for drug development in clinical
trials.

Recently, different studies comprehensively evalu-
ated the molecular epidemiology of NSCLC by next-
generation sequencing (NGS), and the incidence of Kras
mutation in the recent studies was 10% to 20% in East
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Figure 2. Kaplan-Meier survival curve of TTR and overall
survival in patients with nonsquamous NSCLC with Kras mu-
tations. (A) The patient with G12C (22.8 mo) had a shorter TTR
than those with non-G12C (97.7 mo, p ¼ 0.004). (B) The pa-
tients with G12C (7.7 mo) had longer OS than those with non-
G12C (6.0 mo, p ¼ 0.018). TTR, time-to-tumor recurrence.

Table 5. Multivariate Analysis of the Predictive Factors for OS i
NSCLC With Kras Mutations

Factors No. of Patients OS (mo

Sex
Female 38 7.3
Male 105 5.7

Smoking history
Nonsmokers 46 7.4
Smokers 97 5.3

Stage
IIIb 16 32.2
IV 127 5.7

Histology
Adenocarcinoma 122 7.4
Pleomorphic or sarcomatoid 11 2.5
NSCLC-NOS 10 1.3

Kras mutations
G12C 44 7.7
G12D 40 11.7
G12V 24 5.2
G12A or S or R or others 35 5.7

CI, confidence interval; HR, hazard ratio; NOS, not otherwise specified; OS, ove
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Asians.39-41 The different detection methods may result
in the different incidences of Kras mutation. The detec-
tion methods of this study were direct Sanger
sequencing or MassARRAY genotyping, which may have
lower detection sensitivity than NGS. Therefore, the
clinical utility of high-throughput NGS testing is impor-
tant to identify actionable variants and making treat-
ment strategy in advanced lung cancer.

Most Kras mutation subtypes occur at codons 12 and
13 and less often at codon 61.20 Kras-G12C is the most
common subtype in cell lines and different lung adeno-
carcinoma cohorts, and the incidence of Kras-G12C
ranged from 41% to 48%,18,20,35 which were consistent
with the results in this study. However, the incidence in
previous studies was higher than that in this study
(32.9%). The difference may be owing to smoking history.
Especially, Kras-G12C was highly associated with heavy
smoking and correlated with higher pack-years.35,36 The
proportion of smokers in this study was 62.3%, which
was significantly lower than that in previous re-
ports.18,20,42 In addition, the patients with Kras-G12D
mutations had higher proportion of nonsmokers, and this
is consistent with report of El Osta et al.35 The difference
in smoking prevalence in different countries results in
proportional differences in Kras mutation subtypes.
Further studies are required to explore how smoking af-
fects the different subtypes of the Kras mutations.

Kras mutation is a poor prognostic factor of
NSCLC.35,43-45 However, the real clinical impact was still
n the Patients With Advanced-Stage (IIIb or IV) Nonsquamous

)

Univariate Analysis Multivariate Analysis

P HR (95% CI) P

1
0.150 0.96 (0.55–1.68) 0.887

1
0.039 1.69 (0.99–2.90) 0.057

1
0.002 2.69 (1.30–5.59) 0.008

1
1.82 (0.90–3.71) 0.098

<0.001 3.12 (1.53–6.36) 0.002

1
1.40 (0.84–2.35) 0.197
2.47 (1.39–4.39) 0.002

0.019 1.54 (0.90–2.63) 0.119

rall survival.
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insignificant and controversial.14 Villaruz et al.46

revealed that neither Kras mutation status nor the mu-
tation subtypes were of prognostic value for survival.
The Lung Adjuvant Cisplatin Evaluation-BIO collaborate
group pooled four clinical trials of adjuvant chemo-
therapy and found Kras mutation to be of no significant
prognostic factor.15 However, Pan et al.47 revealed the
negative prognostic value of Kras mutations after pool-
ing 41 studies which included 2374 patients with Kras
mutations. In addition, a meta-analysis of Kras mutation
in circulating tumor DNA also revealed a negative
prognostic value.48 The heterogeneity of patient
geographic characteristics, smoking history, disease
stage status, and treatment modality in various studies
may have resulted in the controversial results.

Furthermore, the impact of the different Krasmutation
subtypes on OS was controversial. Scheffler et al.21 eval-
uated 375 patients with stage IV NSCLC with Kras mu-
tation using NGS and found no significant difference in the
OS between patients with different Kras mutation sub-
types. Yu et al.20 also reported no apparent differences in
the OS on the basis of Kras mutation subtype (codon 12
versus codon 13) for patients harboring metastatic lung
adenocarcinoma with Kras mutations. Nadal et al.18 re-
ported that Kras-G12C is associated with worse OS in
comparison with Kras wild-type and Kras-non-G12C.
Evaluation of EGFR Mutation status for the administration
of EGFR-TKIs in non-small cell lung Carcinoma by French
Collaborative Thoracic Cancer Intergroup 2 cohort
revealed that there was no prognostic value related to the
Kras alteration type (transition or transversion) or mu-
tation location (codon 12 versus codon 13) among the 76
erlotinib-treated patients with Kras mutations.19 This
study revealed that the patients with Kras-non-G12C had
shorter OS than those with Kras-G12C (p ¼ 0.018).
Especially, Kras-G12V was a poor prognostic factor for
patients with stage IV nonsquamous NSCLC. The different
detection methods and different groupings may account
for the controversial results.

For surgically resected early-stage lung cancer, Kras-
G12C mutation is associated with shorter disease-free
survival,18 as also observed in this study. However,
Izar et al.49 reported that patients with Kras-G12C or
G12V had superior disease-free survival than those with
other mutations in patients with resected stage I lung
adenocarcinoma. The major differences between the
above-mentioned studies and this study are the patient
disease stage status and the different groupings. Because
of the negative prognostic value of Kras-G12C mutation,
more active postoperative monitoring or aggressive
adjuvant therapy may be considered necessary for pa-
tients with Kras-G12C mutations.

Although most of the oncogenic driver mutations
were mutually exclusive in lung cancer, there is growing
evidence that Kras-mutant lung cancer is not a homog-
enous NSCLC subgroup, especially when high-
throughput–sensitive methods are used to detect the
genetic alteration of lung tumors.21,50 Kras-mutant
NSCLC frequently has concomitant mutations.21,50 This
study revealed concomitant mutation in patients with
Kras mutations, including EGFR, ALK fusions, and Braf.
Scheffler et al.21 reported that Kras-mutant NSCLC with
concomitant EGFR mutation was 1.2%, which was lower
than the incidence of 2.6% of concomitant EGFR muta-
tions in this study. In addition to the small sample size,
the other possible reason for this difference may also be
that the patients with NSCLC in Eastern Asia had higher
EGFR mutation rate than those in Western countries.

The concomitant mutation may have an impact on
prognosis in patients with lung cancer with Kras-
mutant.21 The Lung Cancer Mutation Consortium Expe-
rience revealed that patients with concomitant Kras and
EGFR mutation or ALK rearrangement have a favorable
clinical outcome. However, patients with concomitant
Kras and STK11 mutations have a significantly poor
prognosis.35,50 Although this study revealed a response
rate of EGFR TKIs of 50%, the sample size was too small
to confirm the final treatment efficacy. Increased use of
NGS will detect new and more genetic alterations, which
is necessary to elucidate their biological impact. Clinical
trials are necessary to confirm the treatment effective-
ness in concomitant Kras and druggable gene mutations.

The detection of patients with NSCLC harboring
oncogenic driver mutations and prescribing of the cor-
responding molecular-targeted medication provide a
favorable prognosis.42 Recently, novel sensitive and
high-throughput methods were adopted, for example,
NGS or droplet digital PCR. However, for patients with
lung cancer harboring Kras mutations, highly sensitive
methods increased the detection rate of Kras mutation in
lung cancer, but the increased sensitivity of minor sub-
clones detection (<1%) failed to offer prognostic
impact.19 It is still necessary to clarify the detection
sensitivity of Kras mutation and the clinical relevance in
a patient with lung cancer.

There were limitations to this cohort study. First,
although this study enrolled a large series of Kras-
mutant patients in Taiwan, the enrolled patients were all
Asian, known to have low Kras mutation rate. Therefore,
it took more than 10 years to enroll an adequate patient
number for analysis. The treatment modality and medi-
cation have had a rapid evolution in the recent decade,
especially immunotherapy; this may have an impact on
the prognosis of lung cancer. Second, there were not
enough tissue samples left for PD-L1 IHC because mul-
tiple testing for gene mutations had been performed for
stage IV disease of nonsquamous NSCLC in real-world
setting. The effectiveness of immunotherapy for Kras
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mutation and the relationship between Kras mutation
and PD-L1 were unclear before. The proportion of tis-
sues with stage IV disease status for PD-L1 testing was
limited, which led to weak statistical power to make
conclusion. Third, we did not evaluate the comutation
status of other known and unknown driver genes, such
as STK-11. In addition, none of the enrolled patients was
administered with the treatment targeted at Kras mu-
tation. Recently, AMG 510, a novel small molecular TKI,
had regression effects on Kras-G12C tumors and
improved the antitumor efficacy of chemotherapy and
targeted agents in vitro and in vivo.51 This will have a
large effect on the survival prognosis of patients with
Kras-mutant lung cancers.

Kras-G12C was associated with favorable ICI treat-
ment effectiveness. ICIs may be the treatment option for
patients with NSCLC with Kras-G12C. Kras-G12C muta-
tion was associated with shorter TTR in patients with
early-stage NSCLC whereas Kras-G12V mutation was
associated with shorter OS in patients with advanced-
stage NSCLC compared with Kras-G12C. The patients
with NSCLC with different Kras mutation subtypes
confer variable prognosis, which serves as a source of
prevalence data for the development of clinical trials and
precision medicine.
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