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ABSTRACT

Introduction: Whereas interpatient heterogeneity in clin-
ical characteristics and treatment outcomes of NSCLC
harboring a KRAS mutation is recognized, the character-
ization of these patients in Asia has been limited.

Methods: A multicenter, retrospective cohort study was
conducted in eight academic centers across Asia. Patients
diagnosed with advanced NSCLC harboring a KRAS muta-
tion and who had received at least one line of anticancer
therapy between January 2014 and December 2018 were
included. Modified time to next treatment (TTNT) was
adopted as a proxy for progression-free survival.

Results: A total of 216 patients were analyzed. The median
age at diagnosis of advanced NSCLC was 63.3 years, 70.8%
were men and 89.8% had adenocarcinoma. KRAS G12D was
the most common subtype (25.5%), followed by G12C
(24.5%), and G12V (19.4%) The proportion of current or
former smokers was 65.7% in the overall population, with
86.8% in G12C and 58.9% in non-G12C subgroups. For all
treatments combined for the total population, the first-line
duration of therapy, modified TTNT, and TTNT were 4.5
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(95% confidence interval: 3.4–5.9), 6.2 (4.9–8.8), and 9.5
(7.1–11.4) months, respectively. The median overall sur-
vival for the total population was 10.3 (6.9–12.4) months
and was prolonged in patients ever treated with immuno-
therapy (14.6 [8.6–19.1] versus 7.0 [5.9–10.6] mo, hazard
ratio ¼ 0.54, p < 0.001), with left truncation to account for
the time of KRAS testing.

Conclusions: Whereas treatment outcomes with conven-
tional anticancer therapy are reasonable and immuno-
therapy looks promising, the unmet need remains high for
patients with KRAS-mutated NSCLC in Asia, underscoring
the need for novel therapeutic approaches.

Copyright � 2021 by the International Association for the
Study of Lung Cancer. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Keywords: KRAS; Non–small cell lung cancer; Asian; Time to
next treatment; Overall survival; Immunotherapy
Introduction
Our approach to NSCLC has transformed dramatically

with the discovery of numerous therapeutically targetable
oncogenic alterations, and notable examples include EGFR,
ALK, ROS1, and BRAF. In contrast, oncogenic KRAS muta-
tions have long been considered undruggable, with many
failed attempts to develop a targeted inhibitor because of
the high binding affinity to guanosine triphosphate in its
active state, and the smooth structure lacking a space for
compounds to “hook” to exert their action.1

Another hindrance behind the emergence of an
effective KRAS inhibitor has been the biologic and
phenotypical heterogeneity of patients with KRAS mu-
tations.2 Ethnically, the prevalence of KRAS mutations
among NSCLC has been reported to be lower in Asian
countries (5%–11%) compared with that of the West
(20%–26%).3–5 Furthermore, there are at least nine
different KRAS mutational subtypes, on the basis of
amino acid substitutions discovered in lung cancer that
have a distinct binding preference for downstream
effector molecules.6 KRAS G12C, the subtype most often
found in the West, is a transversion mutation, smoking-
associated, and has a high addiction for RalGDS down-
stream pathway.6,7 The patterns reported in Asia are
somewhat different. Whereas some studies similarly
report G12C as the most common subtype, others report
that G12D—which is a transition mutation associated
with nonsmokers and has a high affinity for PI3K
downstream pathway—is most often identified.8–12

Such interpatient heterogeneity within KRAS-mutated
NSCLC may lead to varying clinical outcomes.6 The
prognostic value of KRAS mutations in lung cancer
remains controversial. Whereas earlier studies suggested
a negative prognostic effect of KRAS mutations, subse-
quent studies have suggested no prognostic or predictive
value for survival or treatment outcomes.13,14 The bio-
logical diversity in patients with lung cancer having KRAS
mutations, which may account for these discrepancies,
has not been investigated thoroughly in Asian patient
populations owing to the lower prevalence of KRAS mu-
tations in lung cancer compared with the West.

ATORG (Asian Thoracic Oncology Research Group)-
005 is a multicenter, retrospective cohort study of pa-
tients with KRAS-mutated advanced NSCLC treated in
real-world clinical practice in Asia. This study aimed to
provide reliable and valid data on their characteristics
and treatment outcomes and fill a knowledge gap in Asia
on patients with KRAS-mutated advanced NSCLC.

Materials and Methods
Patients and Samples

Patients diagnosed with KRAS-mutated advanced
NSCLC between January 1, 2014 and December 31, 2018
from eight academic centers across Asia (Korea,
Singapore, People’s Republic of China, Japan, and India)
were included. Relevant data were extracted from the
electronic medical records. Patients had to have received
at least one line of anticancer therapy. KRAS mutations
were identified by local molecular testing including real-
time polymerase chain reaction (RT-PCR), Sanger
sequencing, or next-generation sequencing (NGS), on
tumor tissues. The study was approved by the institu-
tional ethics committees of each participating center. In
accordance with each participating center’s guidelines,
written informed consent has been provided by patients
or a waiver of consent for retrospective review has been
obtained.

Time to Event Measurements
Overall survival (OS) was defined as the time from

initiation of therapy for advanced NSCLC to death from
any cause and analyzed in two aspects—“classical OS”
and “left truncated OS.” For classical OS, patients were at
risk of death from the date of treatment initiation; for left
truncated OS, patients were at risk of death from the
date of KRAS testing, meaning the duration at risk of
death before KRAS testing was left truncated. Left trun-
cation was incorporated to account for the variable time
of KRAS testing in clinical practice and often occurring
after initiation of therapy.15–17 Patients alive at the time
of analysis were censored on the date of the last follow-
up. The time to next treatment (TTNT) was defined as
the interval between the initiation of therapy and the
initiation of the following therapy, and any patients who
did not receive the following treatment were censored
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Table 1. Baseline Characteristics

Characteristic
Total
N ¼ 216 (%) KRAS G12C n ¼ 53 (%)

KRAS Non-G12C
n ¼ 163 (%) p

Age at advanced NSCLC Dx, y (range) 63.3 (31.2–80.8) 64.2 (41.0–80.8) 62.4 (31.2–79.7) 0.281
Age at initial NSCLC Dx, y (range) 63.1 (31.2–79.9) 64.2 (41.0–79.9) 61.9 (31.2–79.7) 0.298
Sex 0.003
Male 153 (70.8) 46 (86.8) 107 (65.6)
Female 63 (29.2) 7 (13.2) 56 (34.4)

Ethnicity 0.949
Chinese 56 (25.9) 15 (28.3) 41 (25.2)
Indian 12 (5.6) 2 (3.8) 10 (6.1)
Japanese 28 (13.0) 7 (13.2) 21 (12.9)
Korean 117 (54.2) 29 (54.7) 88 (54.0)
Malay 3 (1.4) 0 (0.0) 3 (1.8)

ECOG performance status 0.726
0–1 199 (92.1) 48 (90.6) 151 (92.6)
�2 14 (6.5) 4 (7.5) 10 (6.1)
Unknown 3 (1.4) 1 (1.9) 2 (1.3)

Smoking status <0.001
Current or former smoker 142 (65.7) 46 (86.8) 96 (58.9)
Never smoker 74 (34.3) 7 (13.2) 67 (41.1)

Histology 0.617
Adenocarcinoma 194 (89.8) 48 (90.6) 146 (89.6)
Squamous cell carcinoma 9 (4.2) 1 (1.9) 8 (4.9)
Other 13 (6.0) 4 (7.5) 9 (5.5)

Disease status 0.428
De novo metastatic 183 (84.7) 42 (79.2%) 141 (86.5)
Relapse or recurrent 33 (15.3) 11 (20.8%) 22 (13.5)

Sites of metastases
Brain 55/204 (27.0) 13/52 (25.0) 42/152 (27.6) 0.712
Lung-to-lung 79/216 (36.6) 15/53 (28.3) 64/163 (39.3) 0.150
Pleura 68/216 (31.5) 16/53 (30.2) 52/163 (31.9) 0.816
Liver 23/214 (10.7) 8/53 (15.1) 15/161 (9.3) 0.239
Bone 72/214 (33.6) 16/53 (30.2) 56/161 (34.8) 0.539
Adrenal 20/214 (9.3) 6/53 (11.3) 14/161 (8.7) 0.590

Co-mutations
EGFR mutationa 22/216 (10.2) 4/53 (7.5) 18/163 (11.0) 0.775
ALK rearrangement 3/203 (1.5) 0/49 (0.0) 3/154 (1.9) 1.000
ROS1 rearrangement 2/200 (1.0) 1/48 (2.1) 1/152 (0.7) 0.423
BRAF mutation 5/200 (2.5) 0/48 (0.0) 5/152 (3.3) 0.340

PD-L1 TPSb

�1 102/149 (68.5) 29/39 (74.4) 73/110 (66.4) 0.356
�50 49/149 (32.9) 13/39 (33.3) 36/110 (32.7) 0.945

aEGFR exon 19 deletion and exon 21 L858R substitution only.
bPD-L1 antibodies used were 22C3 (n ¼ 73, 48.7%), SP263 (n ¼ 48, 32.0%), SP142 (n ¼ 15, 10.0%), and E1L3N (n ¼ 14, 9.3%), excluding 67 patients who were not
tested.
Dx, diagnosis; ECOG, Eastern Cooperative Oncology Group; PD-L1, programmed death-ligand 1; TPS, tumor proportion score.
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on the date of the last follow-up or death. The modified
TTNT (mTTNT) was defined as the time from initiation
of therapy to either initiation of the following therapy or
death from any cause and was used as a real-world
proxy for progression-free survival (PFS). Duration of
therapy (DOT) was defined as the interval between
initiation and termination of a therapy regimen. Patients
were included for the analyses of TTNT, mTTNT, and
DOT after their KRAS testing was performed.

Statistical Analysis
Left truncation was applied to account for immortal

time bias. Patients were considered to be “at risk” in the
survival analysis once they fulfilled their “entry date”
(defined as KRAS testing date). Descriptive statistics are
reported using proportions, medians, and ranges. Asso-
ciations between categorical variables were evaluated
with either chi-square tests or Fisher exact test, as
appropriate. Associations between continuous variables
were evaluated by means of the analysis of variance
(ANOVA) tests, Mann-Whitney U test, or Kruskal-Wallis
equality-of-populations rank test, as appropriate. Sur-
vival curves were estimated by the Kaplan-Meier method
and compared using the log-rank test. The data cutoff
date was November 5, 2020. All analyses were per-
formed in R software version 3.6.3 and STATA version



n = 142 (%) n = 74 (%)

Figure 1. Proportion of KRAS mutational subtypes.
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16.0, with two-sided tests and a significance level of
0.05.

Results
Patient Demographics and Clinicopathologic
Characteristics

Patient demographics and clinical characteristics are
summarized in Table 1. A total of 216 patients with
advanced NSCLC harboring a confirmed KRAS mutation
were included from eight academic centers across Asia.
In terms of ethnicity, the cohort consisted of 117
Korean (54.2%), 56 Chinese (25.9%), 28 Japanese
(13.0%), 12 Indian (5.6%), and three Malay patients
(1.4%). KRAS testing was performed using NGS (202 of
216, 93.5%), Sanger sequencing (12 of 216, 5.6%), and
RT-PCR (2 of 216, 0.9%), and the time of testing rela-
tive to the line of therapy are summarized in
Supplementary Table 1.

The median age at diagnosis of advanced NSCLC was
63.3 years old (range: 31.2–80.8) (Table 1). Most pa-
tients were men (70.8%) and had an Eastern Coopera-
tive Oncology Group (ECOG) performance status of 0 to 1
(92.1%). Histologic subtypes comprised of adenocarci-
noma (89.8%), squamous cell carcinoma (4.2%), and
others (6.0%). Most (84.7%) were diagnosed with de
novo metastatic disease, and brain metastases at initial
diagnosis were detected in 27.0%.

The co-occurrences of genetic alterations were re-
ported as follows; EGFR mutation (22 of 216, 10.2%),
ALK fusion (3 of 203, 1.5%), ROS1 fusion (2 of 200,
1.0%), and BRAF mutation (5 of 200, 2.5%). Positive
programmed death-ligand 1 (PD-L1) expression, defined
as tumor proportion score (TPS) of greater than or equal
to 1%, was found in 68.5% of patients (102 of 149), with
TPS greater than or equal to 50% in 32.9% of patients
(49 of 149).

In the overall population, the most common KRAS
mutational subtype was G12D with 25.5%, followed
by G12C (24.5%) and G12V (19.4%) (Fig. 1). Ac-
cording to smoking status, KRAS G12C was the most
common mutational subtype (32.4%) among current
or former smokers, whereas KRAS G12D (44.6%)
was the most frequent mutation among never-
smokers, consistent with previous reports.7 There
was no marked difference in clinicopathologic char-
acteristics between KRAS G12C and non-G12C sub-
types (Table 1).

It is noteworthy that the proportion of current or
former smokers was 142 of 216 (65.7%) in the total
cohort, with 46 of 53 (86.8%) in KRAS G12C and 96 of
163 (58.9%) in non-G12C groups, which is considerably
lower compared with that reported from the West.7,18

Treatment Approaches and Outcomes
We next evaluated the therapeutic approaches for

KRAS-mutated patients to delineate real-world clinical
practice. Whereas all of the 216 patients received their
first-line treatment, 174 (80.6%), 102 (47.2%), and 51
(23.6%) received second-, third-, and fourth-line treat-
ment, respectively (Table 2). Cytotoxic chemotherapy
was the most common approach in first-line therapy
(69.9%), followed by targeted therapy (13.0%), immu-
notherapy (6.5%), and chemotherapy plus immuno-
therapy combination therapy (2.8%).

The median DOT, regardless of treatment received,
was 4.5 (95% confidence interval [CI]: 3.4–5.9), 2.1 (2.0–
2.9), 2.1 (1.4–3.6), and 1.9 (1.4–2.9) months for first-,
second-, third-, and fourth-line treatment, respectively.
The median mTTNT for all treatment regimens com-
bined were 6.2 (4.9–8.8), 3.8 (2.8–5.6), 5.7 (2.8–6.9), and
2.6 (2.1–3.9) months for first-, second-, third-, and
fourth-line treatment, respectively. Both DOT and
mTTNT did not differ significantly according to KRAS
subtypes (Table 2, Fig. 2A and B) or smoking status
(Table 2 and Supplementary Fig. 1). For first-line cyto-
toxic chemotherapy, the most often adopted therapeutic
approach, the DOT, mTTNT, and TTNT were 3.7 (2.8–
5.3), 5.9 (4.4–8.0), and 8.8 (5.5–10.4) months,
respectively.



Table 2. Treatment Outcomes

Treatments
1L
N ¼ 216 (%)

2L
N ¼ 174 (%)

3L
N ¼ 102 (%)

4L
N ¼ 51 (%)

Chemotherapy 151 (69.9) 70 (40.2) 52 (51.0) 27 (52.9)
Immunotherapy 14 (6.5) 60 (34.5) 23 (22.5) 6 (11.8)
CTx þ IO combo 6 (2.8) 5 (2.9) 1 (1.0) 2 (3.9)
Targeted agent 28 (13.0) 21 (12.1) 18 (17.6) 9 (17.6)
Other 17 (7.8) 18 (10.3) 8 (7.9) 7 (13.8)

Median DOT, mo (95% CI) Event/n 1L DOT Event/n 2L DOT Event/n 3L DOT Event/n 4L DOT

Overall 87/88 4.5 (3.4–5.9) 106/106 2.1 (2.0–2.9) 69/71 2.1 (1.4–3.6) 43/44 1.9 (1.4–2.9)
KRAS
G12C 19/20 8.1 (1.5–11.3) 21/21 2.1 (0.7–6.0) 14/14 3.2 (1.5–7.3) 11/11 1.9 (0.7–4.5)
Non-G12C 68/68 4.2 (3.0–5.2) 85/85 2.1 (1.8–3.0) 55/57 1.8 (1.4–3.7) 32/33 1.9 (1.0–2.9)

Smoking
Current or former 60/61 5.1 (3.4–7.9) 69/69 2.1 (1.6–3.0) 39/41 2.3 (1.4–4.1) 23/23 1.6 (0.9–2.2)
Never 27/27 4.1 (2.1–5.2) 37/37 2.4 (1.4, 3.6) 30/30 1.9 (1.4–3.9) 20/21 2.2 (1.4–3.6)

Median mTTNT, mo (95% CI) Event/n 1L mTTNT Event/n 2L mTTNT Event/n 3L mTTNT Event/n 4L mTTNT

Overall 81/88 6.2 (4.9–8.8) 87/104 3.8 (2.8–5.6) 63/71 5.7 (2.8–6.9) 38/42 2.6 (2.1–3.9)
KRAS
G12C 19/20 8.8 (4.3–14.6) 17/20 5.0 (1.6–7.7) 13/14 6.9 (2.2–10.9) 9/11 3.9 (1.2–NE)
Non-G12C 62/68 5.9 (4.4–8.7) 70/84 3.7 (2.7–5.3) 50/57 3.8 (2.4–6.9) 29/31 2.6 (2.1–3.8)

Smoking
Current or former 57/61 7.1 (4.9–10.1) 55/67 4.0 (2.5–5.6) 38/41 5.7 (3.1–7.6) 18/22 3.4 (1.6–5.4)
Never 24/27 5.5 (3.4–7.7) 32/37 3.1 (2.6–6.5) 25/30 4.3 (1.8–7.4) 20/20 2.6 (1.5–5.3)

Median TTNT, mo (95% CI) Event/n 1L TTNT Event/n 2L TTNT Event/n 3L TTNT Event/n 4L TTNT

Overall 56/88 9.5 (7.1–11.4) 48/104 10.9 (6.5–12.7) 27/71 11.0 (7.4–NE) 20/42 5.4 (3.4–11.8)
KRAS
G12C 13/20 10.9 (7.1–22.7) 8/20 11.0 (2.2–NE) 6/14 11.0 (4.3–NE) 5/11 5.5 (1.2–NE)
Non-G12C 43/68 8.8 (5.3–11.4) 40/84 9.4 (5.6–12.7) 21/57 10.1 (6.7–NE) 15/31 4.3 (2.5–6.4)

Smoking
Current or former 37/61 10.2 (7.3–15.2) 30/67 10.9 (5.6–12.7) 11/41 11.5 (9.9–NE) 10/22 5.4 (3.4–NE)
Never 19/27 6.2 (3.4–9.7) 18/37 7.0 (3.0–19.0) 16/30 6.7 (4.3–18.4) 10/20 5.5 (2.5–NE)

1L, first line; 2L, second line; 3L, third line; 4L, fourth line; CI, confidence interval; CTx, chemotherapy; DOT, duration of therapy; IO, immunotherapy; mTTNT, modified time to next treatment; NE, not estimable;
TTNT, time to next treatment.
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Figure 2. Kaplan-Meier estimates of the first-line (A) duration of therapy and (B) mTTNT for total population (black), KRAS
G12C (red), and non-G12C (green) subgroups. 1L, first line; CI, confidence interval; DOT, duration of therapy; mTTNT,
modified time to next treatment.
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OS According to Immunotherapy
Classical OS was calculated for the total population

and left truncated OS was calculated for 178 patients to
account for the time of KRAS testing, excluding 3 patients
whose testing dates were unavailable and 35 patients
whose KRAS testing were done after the fourth line, as
the last line of therapy analyzed for survival.

The median classical OS was 17.5 months (95% CI:
14.6–21.0) and the median left truncated OS was 10.3
months (95% CI: 6.9–12.4); they did not differ signifi-
cantly according to KRAS subtypes or smoking status
(Supplementary Figs. 1 and 2).

To further explore the factors associated with sur-
vival outcomes, we investigated the OS of patients who
were ever treated with immunotherapy, alone or in
combination with other drugs, compared with those who
were not. During the course of treatment, 77 of 178
patients (43.3%) were treated with immunotherapy.
There were no substantial differences in baseline char-
acteristics between the two groups, although the pa-
tients who had received immunotherapy had a lower
incidence of EGFR mutations, and a higher proportion of
patients with PD-L1 had TPS greater than or equal to
50% (Supplementary Table 2).

For classical OS, the patients treated with immuno-
therapy had a median OS of 19.2 months (95% CI: 15.8–
27.6) and those not treated with immunotherapy had a
median OS of 12.3 months (95% CI: 8.8–21.0), exhibiting
a hazard ratio (HR) of 0.65 (95% CI: 0.48–0.89, p ¼
0.007) (Fig. 3A). For left truncated OS, the median OS
was 14.6 months (95% CI: 8.6–19.1) and 7.0 months
(95% CI: 5.9–10.6) for patients treated and not treated
with immunotherapy, respectively, with an HR of 0.54
(95% CI: 0.38–0.77, p < 0.001) (Fig. 3B). The multivar-
iate analyses using relevant variables revealed that
immunotherapy was associated with favorable survival
outcome (classical OS HR ¼ 0.58 [95% CI: 0.41–0.81],
p ¼ 0.001; left truncated OS HR ¼ 0.53 [95% CI: 0.37–
0.78], p ¼ 0.001) (Supplementary Table 3). ECOG per-
formance status and EGFR mutational status were also
found to be associated with OS. To account for the
immortal time bias that could arise from the fact that
most immunotherapy uses were second line, we also
analyzed the OS calculated from the initiation of the
second line of therapy for patients who received
immunotherapy (n ¼ 60) versus chemotherapy (n ¼ 70)
in second line. The survival duration was prolonged in
patients treated with immunotherapy, albeit statistically
insignificant, with a median OS of 10.4 (95% CI: 6.5–
12.4) versus 6.5 (95% CI: 5.3–9.3) months.
Discussion
To the best of our knowledge, this is the largest study

published to date that comprehensively analyzed pa-
tients with metastatic KRAS-mutated NSCLC from a
multicenter cohort in Asia. KRAS mutations were more
frequently found in men and smokers. However, despite
the common association of KRAS mutations with a
smoking history, we identified that the proportion of
never-smokers in our cohort was considerably higher at
34.3%, compared with that reported from Western
countries ranging between 6.4% to 7.1%.7,18 It was more
dominantly represented in the non-G12C subgroup with
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Figure 3. Kaplan-Meier estimates of OS (A) for total population and (B) with left truncation to account for the time of KRAS
testing, according to ever-receiving immunotherapy alone or in combination. CI, confidence interval; HR, hazard ratio; IO,
immunotherapy; OS, overall survival.
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41.1% of never-smokers, compared with the G12C sub-
group with 13.2% of never-smokers. The treatment or
survival duration did not differ according to KRAS
mutational subtypes or smoking status. Together with
G12D being the most common KRAS mutational subtype,
not only among never-smokers but in the overall popu-
lation, these findings suggest that KRAS-mutated lung
cancer in Asian patients may be driven by factors other
than tobacco smoking and that the distinct biology of
Asian patients with KRAS-mutated NSCLC warrants
further investigation.

Another interesting characteristic of Asian patients
with KRAS-mutated NSCLC was the high incidence of
EGFR co-mutations. This is consistent with previous
literature, which reported the KRAS and EGFR co-
mutation incidence ranged between 1.3% and 4.0% for
Western patients compared with 10.7% for Asian pa-
tients.8,18,19 Considering the close interaction between
EGFR and RAS signaling pathways, an investigation on
the effect of EGFR mutational status on KRAS targeted
therapy, if any, is also warranted.

Although KRAS mutations are one of the most often
identified genetic alterations in lung cancer, little prog-
ress has been made with novel targeted agents. Unlike
other tractable targets, the standard treatment for pa-
tients with KRAS mutations remains platinum-based
chemotherapy, or more recently, immunotherapy with
or without cytotoxic chemotherapy. In our study, cyto-
toxic chemotherapy was the most often adopted
approach as first-line therapy. This result was expected
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because our data was collected before the era of
immunotherapy, some Asian countries still have limited
access to immunotherapy owing to reimbursement is-
sues, and the clinical efficacy of small molecule inhibitors
against KRAS G12C has only recently been established.20

The first-line mTTNT of 5.9 months with cytotoxic
chemotherapy was comparable to the historical median
PFS with platinum-doublet chemotherapy ranging be-
tween 4.8 and 5.1 months.21 Nevertheless, the difference
between TTNT and mTTNT indicates that a considerable
proportion of patients do not receive subsequent treat-
ment beyond the first-line, owing to poor performance
status or death, presumably from rapid disease pro-
gression, and highlights the urgent need for improved
therapeutic approaches.

With the lack of individualized treatments for KRAS-
mutated patients, we discovered that patients who
were ever treated with immunotherapy, alone or in
combination with other drugs, revealed an improved
survival outcome compared with those who were not.
This survival benefit should be interpreted with caution
considering the small sample size, the lack of stratifica-
tion by lines of therapy, and potential bias from an
imbalance of risk features, for example, higher incidence
of brain metastasis, which is an unfavorable prognostic
factor in immunotherapy-not-treated patients.22

Previously, many studies have concluded that
immunotherapy confers superior clinical efficacy over
chemotherapy regardless of KRAS mutational status,
whereas a subgroup analysis described that the OS
benefits were more evident in KRAS-mutated patients
compared with KRAS-wild type patients.23–26 The
benefits of immunotherapy for patients with KRAS-
mutated lung cancer have been largely attributed to
their predilection to tobacco smoking. However,
although approximately one-third of patients were
never-smokers, a survival benefit with immunotherapy
was observed in our patient cohort, suggesting a need
to investigate this phenomenon outside the “smoking-
associated” view.

First, PD-L1, an immunosuppressive protein that
enables cancer cells to evade the host immune system,
is widely adopted as a biomarker for sensitivity to
immune checkpoint inhibitors, particularly in the
context of high mutational load from tobacco exposure.
PD-L1 expression was found to be intrinsically up-
regulated by means of the MEK and ERK pathways in
KRAS-mutated lung cancer cell lines and tissues, which
may translate into clinical benefit from immuno-
therapy.27–29 Second, it is not only PD-L1 expression
but the tumor microenvironment that is indispensable
for an effective response after immune checkpoint
blockade. Studies have reported that KRAS-mutated
lung cancer cells modulate the tumor
microenvironment to recruit CD8þ T cells, resulting in
higher infiltration of CD8þ T cells compared with
KRAS-wild type tumors, implying that the presence of a
KRAS mutation itself results in an inflammatory
phenotype.9,30 Third, KRAS mutations result in various
defects in cell cycle checkpoints and DNA damage
repair pathways, which potentially increases muta-
tional errors and results in increased neoantigens.9,31

These findings suggest that KRAS mutations might be
a potential driver to induce genetic instability and
consequently lead to an augmented response from
immunotherapy.

The efficacy of immune checkpoint inhibitors in pa-
tients with KRAS-mutated lung cancer deserves attention
because a preclinical study has found that sotorasib, a
first-in-class KRAS G12C inhibitor, induces a proin-
flammatory microenvironment along with synergized
antitumor activity in murine models when combined
with an anti–programmed cell death protein-1 (PD-1)
inhibitor.32 With a modest overall response rate of
37.11% and median PFS of 6.88 months in patients with
KRAS G12C-mutated NSCLC, these results highlight the
potential role of combination approaches to improve
efficacy.20,33

There are several limitations to our study. Given its
retrospective nature, the study was subject to potential
biases. Study data were collected from a period when
NGS or KRAS testing was not reimbursed in many parts
of Asia. The testing methods of molecular analysis were
not standardized across different institutions, and as
such, we were unable to evaluate the coexisting muta-
tions such as TP53, STK11 or LKB1, or CDKN2A and
CDKN2B, which compromise distinctive biologic sub-
groups within KRAS-mutated patients with different
patterns of immune system engagement and therapeutic
vulnerabilities.34 Most interestingly, patients with STK11
or LKB1 co-mutations are associated with lower T cell
infiltration and PD-L1 expression, even in tumors with a
high tumor mutational burden.35 They exhibited signifi-
cantly shorter PFS and OS with immunotherapy
compared with patients with TP53 or CDKN2A/B co-
mutations, regardless of PD-L1 expression. This land-
scape of co-mutations within patients with KRAS-
mutated NSCLC deserves further investigation in the
Asian population.

In conclusion, KRAS-mutated NSCLC represents a
heterogeneous group of patients with intrinsic molecular
diversity, and our study revealed a lower predilection to
tobacco smoking in an Asian patient population
compared with the West. Although treatment outcomes
with conventional chemotherapy were reasonable and
the efficacy of immunotherapy looks promising, the un-
met need remains high for Asian patients with KRAS-
mutated NSCLC, emphasizing the need for improved
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biomarker stratification and novel therapeutic
approaches.
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