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Abstract
Background: In patients with non-small cell lung cancer (NSCLC) harboring driver
alterations, the efficacy of immune checkpoint inhibitors (ICIs) remains uncertain.
Our study aimed to examine the first-line ICI efficacy in patients with NSCLC harbor-
ing KRAS, MET, FGFR, RET, BRAF, and HER2 alterations in a real-world setting.
Methods: This single-center, retrospective cohort study included patients with
advanced NSCLC harboring KRAS, MET, FGFR, RET, BRAF, HER2 alterations or
driver-negative, and were treated with first-line ICI therapy. Best overall response,
progression-free survival (PFS), and overall survival (OS) were evaluated.
Results: Seventy-eight patients with NSCLC were included (median age, 72 years):
67% were men, 15% were never-smokers, and 83% had adenocarcinoma. The driver
alterations involved KRAS (n = 21), MET (n = 6), FGFR (n = 3), RET (n = 2), BRAF
(n = 2), HER2 (n = 1), and driver-negative (n = 43). The partial responses for KRAS,
MET, FGFR, RET, BRAF, HER2, and driver-negative were 57%, 50%, 100%, 50%,
100%, 0%, and 47%, respectively. The median PFS (months) was 16.2 (95% confidence
interval [CI]: 6.3– not reached [NR]) for KRAS, 2.8 (95% CI: 2.7–NR) for MET, 11.7
(95% CI: 5.9–NR) for other alterations (FGFR, RET, BRAF, and HER2), and 10.0 (95%
CI: 3.7–14.3) for driver-negative, respectively. The median OS (months) was 31.3
(95% CI: 9.0–NR) for KRAS, not reached for MET, 23.5 (95% CI: 18.3–NR) for other
alterations, and 21.1 (95% CI: 15.2–NR) for driver-negative, respectively.
Conclusions: The benefit of the first-line ICI was similar in advanced NSCLC regard-
less of the driver alterations, except for MET alterations.
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INTRODUCTION

The management of patients with advanced non-small cell
lung cancer (NSCLC) has significantly improved as a result
of the development of targeted therapies and immunother-
apy based on molecular testing. The Food and Drug
Administration (FDA) has approved inhibitors for the
first-line treatment of NSCLC with EGFR, ALK, ROS1,
RET, MET, BRAF, and NTRK alterations. For patients with
KRAS G12C-mutated NSCLC, sotorasib was approved by

the FDA in 2021. For patients with HER2 alterations, some
phase 2 studies with poziotinib or trastuzumab–teruxtecan
have shown a high response rate and durable activity.1,2 In
patients with NSCLC harboring FGFR alterations, clinical
studies of selective FGFR inhibitors are ongoing.3,4 How-
ever, most previous clinical trials for targeted therapies in
the first-line setting are single arm studies or compared
with chemotherapy without immune checkpoint inhibitors
(ICIs), and thus have not been compared with ICI
regimens.
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In previous clinical trials, the clinical benefit of ICIs
for patients harboring EGFR and ALK alterations was
limited.5–7 Although a meta-analysis of randomized con-
trolled trials showed that KRAS alteration was a positive
predictive factor for ICI treatment, multiple retrospective
studies have demonstrated conflicting results because of
heterogeneous populations.8–11 Moreover, most studies of
ICIs have overlooked the other oncogenic drivers (MET,
FGFR, RET, BRAF, HER2, and ROS1), and, as a result, the
efficacy of ICI remains unclear in patients harboring
KRAS and other rare oncogenic drivers. Few retrospective
studies have evaluated the efficacy of ICI in patients with
these rare oncogenic drivers.12–15 Although they have
reported mixed results, most of them have shown similar
efficacy as in unselected patients with NSCLC. However,
these studies with small cohorts were limited to analysis
with ICI monotherapy or any line of treatment. The num-
ber of prior lines of therapy may lead to varying clinical
outcomes.

Herein, we present the efficacy of first-line ICI in
patients with NSCLC against KRAS, MET, FGFR, RET,
BRAF, and HER2 driver alterations confirmed by next-
generation sequencing (NGS) in a real-world setting.

METHODS

Study design

This retrospective, single-center, observational study was
conducted at the Komagome Hospital in Japan. The study
was approved by the Institutional Review Board of the
Komagome Hospital (No.2866). The primary objective
was to assess ICI efficacy (best overall response,
progression-free survival [PFS], and overall survival [OS])
for NSCLC with KRAS, MET, FGFR, RET, BRAF, or HER2
driver alterations, or driver-negative, stratified according
to the number of patients with driver alterations (KRAS,
MET, Others [FGFR, RET, BRAF, and HER2], and driver-
negative).

Patients

Between May 2019 and July 2021, adult patients with
advanced NSCLC were selected if they had confirmed
NSCLC harboring KRAS, MET, FGFR, RET, BRAF, or
HER2 alterations or driver-negative, and were treated
with first-line ICI. Patients who were enrolled in a clini-
cal trial of immunotherapy were excluded. We reviewed
the medical records and extracted the following patient
characteristics: age, sex, smoking status, Eastern Cooper-
ative Oncology Group Performance Status (ECOG-PS),
histology, details of ICI regimens, molecular alterations
status, programmed death-ligand 1 (PD-L1) status, and
survival.

Molecular diagnostics

Driver alterations of KRAS, MET, FGFR, RET, BRAF, or
HER2, or driver-negative were identified by NGS of the
tumor using the Oncomine Dx Target Test (Ion Torrent
PGM Dx Sequencer, Thermo Fisher Scientific), which has
been approved by the FDA and Japan’s Ministry of Health,
Labor and Welfare. This is a hot-spot panel test using the
amplicon method, which analyzes alterations in 46 genes
and fusion in 21 genes using DNA and RNA isolated from
formalin-fixed paraffin-embedded specimens. For MET
alterations, only exon14 skipping mutations were consid-
ered. PD-L1 expression was evaluated using the PD-L1
22C3 pharmDx (Dako).

Statistical analysis

Summary statistics were used to describe the patient charac-
teristics. The best response to ICI treatment was determined
through Response Evaluation Criteria in Solid Tumors ver-
sion 1.1 criteria (RECIST 1.1). PFS was defined as the time
from starting treatment until disease progression or death.
Progression was defined according to radiological or clinical
progression (deteriorated clinical status preventing systemic
treatment) or death. OS was defined as the time from
starting treatment until death. Patients with continuing ther-
apy without progression at the last follow-up date were cen-
sored for PFS at that date. Patients who were alive at the last
follow-up were censored for OS. PFS and OS data were ana-
lyzed using Kaplan–Meier estimation, and the survival end-
points were compared using log-rank tests. The hazard ratio
was calculated by log-rank test and Cox regression analysis.
All p-values <0.05 were considered statistically significant.
All statistical analyses were conducted using R version 4.1.1.

RESULTS

Patient characteristics (n = 78)

In this study, the 160 patients with NSCLC with molecular
diagnostic tests by Oncomine Dx TT at the Komagome Hos-
pital between May 2019 and July 2021 were identified as
candidates for inclusion; among whom, 126 harbored of
KRAS, MET, FGFR, RET, BRAF, or HER2 alterations or
driver-negative (Figure 1). We excluded 48 patients for the
following reasons: had not received the first-line ICI treat-
ment (n = 42), were enrolled in a clinical trial (n = 4),
transferred to other hospitals before the first evaluation
(n = 1), and did not undergo follow-up computed tomogra-
phy scan (n = 1). We included the remaining 78 patients in
the current analysis. The driver alterations involved KRAS
(n = 21), MET (n = 6), FGFR (n = 3), RET (n = 2), BRAF
(n = 2), and HER2 (n = 1), or driver-negative (n = 43)
(Table 1). The median age of patients was 72 years (31–89),
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52 patients (67%) were men, 12 patients (15%) were never-
smokers, and 68 patients (87%) had a PS of 0–1. Histological
assessment showed adenocarcinoma in 65 patients (83%),

squamous carcinoma in eight patients (10%), and other car-
cinoma types in five patients (6.4%). All patients received
first-line ICIs: Pembrolizumab monotherapy for 24 patients

F I G U R E 1 Patient flow of 160 with
molecular diagnostic tests by the Oncomine
dx target test at Komagome hospital.
Abbreviation: ICI, immune checkpoint
inhibitors

T A B L E 1 Patient characteristics (n = 78)

Total
(n = 78)

KRASa

(n = 21)
METb

(n = 6)
FGFRc

(n = 3)
RETd

(n = 2)
BRAFe

(n = 2)
HER2f

(n = 1)
Negative
(n = 43)

Age at diagnosis, year (range) 72 (31–89) 72 (31–89) 75 (72–86) 55 (46–76) 61 (55–66) 67 (57–77) 54 (54) 68 (42–86)

Sex

Male 52 (67%) 14 (67%) 3 (50%) 3 (100%) 1 (50%) 0 1 (100%) 30 (70%)

Female 26 (33%) 7 (33%) 3 (50%) 0 1 (50%) 2 (100%) 0 13 (30%)

Smoking

Never smoker 12 (15%) 2 (10%) 3 (50%) 0 1 (50%) 0 1 (100%) 5 (12%)

Smoker 66 (85%) 19 (90%) 3 (50%) 3 (100%) 1 (50%) 2 (100%) 0 38 (88%)

Performance status

0–1 68 (87%) 17 (81%) 5 (83%) 3 (100%) 2 (100%) 1 (50%) 1 (100%) 39 (91%)

2 10 (13%) 4 (19%) 1 (17%) 0 0 1 (50%) 0 4 (9.3%)

Histological type

Adenocarcinoma 65 (83%) 21 (100%) 5 (83%) 1 (33%) 2 (100%) 2 (100%) 1 (100%) 33 (77%)

Squamous 8 (10%) 0 0 2 (67%) 0 0 0 6 (14%)

Other 5 (6.4%) 0 1 (17%) 0 0 0 0 4 (9.3%)

Immunotherapy

Pembrolizumab 24 (31%) 8 (38%) 4 (67%) 1 (33%) 0 0 0 11 (26%)

ICI + Chemo 46 (59%) 10 (48%) 1 (17%) 2 (67%) 2 (100%) 2 (100%) 0 29 (67%)

Nivolumab + ipilimumab 3 (3.8%) 1 (4.7%) 1 (17%) 0 0 0 0 1 (2.3%)

Nivolumab + ipilimumab + chemo 5 (6.4%) 2 (10%) 0 0 0 0 1 (100%) 2 (4.7%)

PD-L1 satus

≧50% 31 (40%) 8 (38%) 4 (67%) 2 (67%) 1 (50%) 1 (50%) 0 15 (35%)

1%–49% 19 (24%) 6 (29%) 0 1 (33%) 0 1 (50%) 1 (100%) 10 (23%)

0% 18 (23%) 3 (14%) 1 (17%) 0 0 0 0 14 (33%)

Unknown 10 (13%) 4 (19%) 1 (17%) 0 1 (50%) 0 0 4 (9.3%)

Abbreviations: Chemo, chemotherapy; ICI, immune checkpoint inhibitors; PD-L1, programmed death-ligand 1.
aKRAS G12C (n = 7), KRAS G12D (n = 5), KRAS G12V (n = 4), KRAS Q61H (n = 3), KRAS G12S (n = 1), KRAS G13C (n = 1).
bMET exon 14 skipping mutation (n = 6).
cFGFR1 amplification (n = 2), FGFR3 fusion (n = 1).
dRET fusion (n = 2).
eBRAF V600E (n = 1), BRAF D549G (n = 1).
fHER2 G776delinsVC (n = 1).
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(31%), ICI plus chemotherapy for 46 patients (59%),
nivolumab and ipilimumab for three patients (3.8%), and
nivolumab and ipilimumab plus chemotherapy for five
patients (6.4%). PD-L1 status was available for 68 patients
(87%). Positive PD-L1 expression, defined as tumor
proportion score (TPS) of ≥1%, was found in 50 patients
(64%), with a high PD-L1 TPS ≥50% identified in 31 patients
(40%).

Best overall response (n = 78)

Among 78 patients with evaluable disease, an objective
response rate (ORR) was observed in 41 patients (53%), sta-
ble disease (SD) in 15 patients (19%), and progressive dis-
ease (PD) in 22 patients (28%). The partial response rates
according to the type of driver alteration were 57% (12/21)
for KRAS, 50% (3/6) for MET, 100% (3/3) for FGFR, 50%
(1/2) for RET, 100% (2/2) for BRAF, or 0% (0/1) for HER2
alterations, or 47% (20/43) for driver-negative (Figure 2).
Combined analysis of 35 patients with driver alterations
(KRAS, MET, FGFR, RET, BRAF, and HER2) showed that
ORR was observed in 21 patients (60%), SD in seven
patients (20%), and PD in seven patients (20%). There was
no significant difference in ORR between driver alterations
and driver-negative groups (60% vs. 47%, p = 0.26).

Progression-free survival and overall
survival (n = 78)

The median follow-up period for the censored cases was
13.3 months. The median PFS for the entire cohort was 10.1

(95% confidence interval [CI]: 5.5–15.7) months, and the
12-month PFS rate was 42.1% (95% CI: 31.9%–55.5%)
(Figures 3 and 4). The median PFS (in months) for individ-
ual driver subgroups was 16.2 (95% CI: 6.3– not reached
[NR]) for KRAS, 2.8 (95% CI: 2.7–NR) for MET, 11.7 (95%
CI: 5.9–NR) for other alterations (FGFR, RET, BRAF, and
HER2), and 10.0 (95% CI: 3.7–14.3) for driver-negative.
Combined analysis of 35 patients with driver alterations
(KRAS, MET, FGFR, RET, BRAF, and HER2) showed that
the median PFS was 11.7 months (95% CI: 5.5–NR), and the
driver alterations (driver-positive vs. driver-negative) were
not significantly associated with the median PFS (11.7
vs. 10.0 months, p = 0.23).

The median OS for the entire cohort was 22.6 (95% CI:
18.3–NR) months, and the 12-month OS rate was 73.6%
(95% CI: 64.0%–84.7%) (Figures 3 and 4). The median OS
(in months) for individual driver subgroups was 31.3 (95%
CI: 9.0–NR) for KRAS, not reached for MET, 23.5 (95% CI:
18.3–NR) for others alterations (FGFR, RET, BRAF, and
HER2), and 21.1 (95% CI: 15.2–NR) for driver-negative.
Combined analysis of 35 patients with driver alterations
(KRAS, MET, FGFR, RET, BRAF, and HER2) showed that
the median OS was 23.5 (95% CI: 16.7–NR), and the driver
alterations (driver-positive vs. driver-negative) were not
significantly associated with the median OS (23.5 vs.
23.1 months, p = 0.35).

KRAS mutation subgroup analysis (n = 21)

Comparing the KRAS G12C mutations (n = 7) to the KRAS
non-G12C mutations (n = 14), there was no significant dif-
ference in the ORR (71% vs. 50%, p = 0.64). KRAS mutation
status (KRAS G12C vs. other KRAS mutations) was not sig-
nificantly associated with median PFS (26.6 vs. 16.2 months,
p = 0.54) or median OS (NR vs. 22.6 months, p = 0.33)
(Figure 5).

DISCUSSION

This retrospective study evaluated patients with NSCLC har-
boring KRAS, MET, FGFR, RET, BRAF, and HER2 driver
alterations treated with first-line ICIs. In patients with driver
alterations (KRAS, FGFR, RET, BRAF, and HER2), the
median PFS was similar to that in driver-negative patients;
however, patients with MET alterations showed a shorter
median PFS of 2.8 months.

While a few retrospective studies have evaluated the effi-
cacy of ICI in patients with rare oncogenic drivers (MET,
RET, BRAF, HER2), these studies included patients with any
line of treatment or patients who only received ICI mon-
otherapy (anti-PD-1/PD-L1antibody) or dual ICI therapy
(anti-PD-1 and anti-CTLA-4 antibodies).12–18 Although
most of the ICI efficacy for NSCLC with driver alterations
other than EGFR and ALK appeared similar to those for
driver-negative patients, previous studies have reported

F I G U R E 2 Best response to ICI according to RECIST criteria
(n = 78). Partial responses were observed in 57% (12/21) patients for
KRAS, 50% (3/6) for MET, 100% (3/3) for FGFR, 50% (1/2) for RET, 100%
(2/2) for BRAF, or 0% (0/1) for HER2 alterations, or 47% (20/43) for driver-
negative. Abbreviations: ICI, immune checkpoint inhibitors; PD,
progressive disease; PR, partial response; RECIST, Response Evaluation
Criteria in Solid Tumors; SD, stable disease
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mixed results due to heterogeneous populations. Our study
included only patients treated with a first-line ICI, reducing
the heterogeneity introduced by the patients’ background.

Our study demonstrated patients with MET alterations
had a shorter median PFS of 2.8 months, compared to
those with other driver alterations and driver-negative. Consis-
tent with our finding, in previous retrospective studies of
patients with MET alterations, the outcomes achieved with
ICIs were poor: median PFS of 2–5 months.12–14,18,19 In our
cohort, one patient with MET alterations presented with
pneumonitis as an immune-related adverse event (irAEs),
preventing the use of MET inhibitors. A recent retrospective
cohort showed that six of seven patients who received MET
inhibitors following ICI presented with an early grade ≥3 AE
(4 transaminitis, 2 pneumonitis), leading to the permanent
discontinuation of MET inhibitors in 3 of the six patients.20

Two MET inhibitors approved by the FDA have shown
durable clinical benefits: capmatinib, with a median PFS of
12.4 months (GEOMETRY mono-1 study), and tepotinib,

with a median PFS of 8.5 months (VISION study) in treat-
ment naïve patients.21,22 These data suggest that the first-
line ICI treatment should be avoided in patients with MET
alterations before starting MET inhibitors. Previous studies
have shown that PD-L1 status and higher tumor mutational
burden (TMB) were not associated with the response in
patients with MET alterations.13 The reasons for the poor
outcomes achieved with immunotherapy in MET alterations
remain largely unclear.

In our result, the efficacy of ICI was favorable in patients
with KRAS alterations. Retrospective studies in western
populations reported that the clinical benefit of ICIs
with KRAS alterations was similar or better to those
without KRAS alterations.10,11,23,24 A post-hoc analysis of
KEYNOTE-042 (first-line Pembrolizumab monotherapy
vs. chemotherapy in PD-L1 positive advanced NSCLC)
showed that patients with KRAS alterations had better PFS
compared to those without KRAS alterations (median PFS:
12 months [n = 30] vs. 6 months [n = 127]).8

F I G U R E 3 Kaplan–Meier curve for progression-free survival (PFS) and overall survival (OS) for the entire cohort (a, b) and according to the type of
driver alterations (c, d) (n = 78). The median PFS for the entire cohort was 10.1 months (95% CI: 5.5–15.7). (a) The median OS for the entire cohort was
22.6 months (95% CI: 18.3 months–NR). (b) The median PFS according to the driver subgroup was 16.2 months (95% CI: 6.3–NR) for KRAS alterations,
2.8 months (95% CI: 2.7–NR) for MET alterations, 11.7 months (95% CI: 5.9–NR) for other alterations (FGFR, RET, BRAF, and HER2), 10.0 months (95%
CI: 3.7–14.3) for driver-negative. (c) The median OS according to the driver subgroup was 31.3 months (95% CI: 9.0–NR) for KRAS alterations, not reached
for MET alterations, 23.5 months (95% CI: 18.3–NR) for other alterations (FGFR, RET, BRAF, and HER2), 21.1 months (95% CI: 15.2–NR) for driver-
negative. Abbreviations: CI, confidence interval; NR, not reached; OS, overall survival; PFS, progression-free survival
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Our cohort with KRAS alterations showed a remarkable
median PFS of 16.2 months and an OS of 31.3 months com-
pared to those reported in western populations, although we
could not conduct a direct comparative analysis.10,11,23,24

Little is known about the ICI efficacy among Asian patients
with lung cancer harboring KRAS alterations owing to the
lower prevalence of these alterations compared to that in

western populations. Indeed, the incidence of NSCLC with
KRAS alterations in Asian patients was less than 10%.25–27

Two retrospective Chinese NSCLC cohorts who received ICI
monotherapy (any line of treatment) showed that patients
with KRAS alterations had a longer PFS than those without
KRAS alterations (longer than 15 months [n = 14]
vs. shorter than 5 months [n = 30]), as well as a longer OS

F I G U R E 4 Progression-free survival (PFS) for the entire cohort (a) and according to the type of driver alterations (b) overall survival (OS) for the entire
cohort (c) and according to the type of driver alterations (d) (n = 78). The 12-month PFS rate was 42.1% (95% CI: 31.9%–55.5%) for the overall population,
56.6% (95% CI: 37.3%–85.9%) for KRAS alterations, 20.1% (95% CI: 36.8%–100%) for MET alterations, 46.9% (95% CI: 21.5%–100%) for other alterations
(FGFR, RET, BRAF, and HER2), and 37.4% (95% CI: 25.1%–55.8%) for driver-negative. The 12-month OS rate was 73.6% (95% CI: 64.0%–84.7%) for the
overall population, 68.1% (95% CI: 49.6%–93.5%) for KRAS alterations, 83.3% (58.3%–100%) for MET alterations, 100% (95% CI: 100%–100%) for other
alterations (FGFR, RET, BRAF, and HER2), and 70.7% (95% CI: 58.0%–86.2%) for driver-negative. Abbreviations: CI, confidence interval; OS, overall survival
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(33 months [n = 12] vs. 22 months [n = 48]), consistent
with our remarkable outcome.28,29 A multicenter Asian
cohort of 216 patients with NSCLC harboring KRAS alter-
ations (ATORG-005) showed that the patients treated with
ICIs had a longer median OS compared to those without
ICIs; however, most of their first-line treatment was chemo-
therapy, including only 20 patients who received first-line
ICI therapy.30 To the best of our knowledge, no large Asian
study has analyzed patients with KRAS-altered NSCLC who
received immunotherapy.

Recent studies have reported an association between
PD-L1 status and ICI efficacy in patients with KRAS alter-
ations, but no significant association between KRAS muta-
tional subtypes and ICI efficacy.10,18,30,31 The biology of
these patients was categorized into three groups by co-
occurring genetic alterations with different immunogenic
profiles and responses to ICI.32,33 We confirmed the evident
favorable clinical efficacy of the first-line ICI in these
patients (KRAS G12C mutations and KRAS non-G12C
mutations). Although we could not obtain the coalterations
because of the limitation of targeted NGS, our remarkable
PFS results with Asian patients might be explained by differ-
ences between Asians and Caucasians. Further research is
needed to focus on the efficacy of ICI for Asian patients with
lung cancer harboring KRAS alterations.

Our findings do not support decreased efficacy of the
first-line ICI in patients with driver alterations, except for
those with MET alterations. However, the small number of
patients in our cohort precludes firm conclusions regarding
the comparative efficacy of ICI and targeted therapy. There-
fore, further investigation is necessary to compare the effi-
cacy and safety of different approaches (first-line ICI
regimens and second-line targeted therapy vs. first-line
targeted therapy and second-line ICI regimens vs. first-line
ICI regimens in combination with targeted therapy).

We acknowledge that there are several limitations in this
study. First, because of its retrospective nature and the small
number of patients, the results are only hypothesis-generat-
ing. Second, the response rates and PFS might be over-
estimated due to the lack of central radiological evaluation
and uniform intervals for tumor response assessment. Third,
PD-L1 status was heterogeneous, and our first-line ICI regi-
mens were different, including chemotherapy which could
confound the clinical outcome. Fourth, the TMB and coa-
lterations could not be obtained. Nevertheless, previous
studies also possessed these limitations. Our real-world anal-
ysis of patients who received first-line ICIs support the fur-
ther comparative analysis to determine the benefit of the
first-line ICI versus targeted therapy use in patients with
rare driver alterations.

In conclusion, the clinical benefit of the first-line ICI
was similar in advanced NSCLC, regardless of the driver
alteration (KRAS, FGFR, RET, BRAF, and HER2). However,
the outcome for patients with MET alterations was inferior;
thus, in these patients, the first-line ICI may be considered
after targeted therapy, given their AEs. Due to the small
patient numbers in the current analysis, larger studies are
warranted to validate our findings.

ACKNOWLEDGMENTS
We thank Enago (https://www.enago.jp) for editing a draft
of this manuscript.

CONFLICT OF INTEREST
Yuji Uehara has no conflict of interest to declare. Kageaki
Watanabe has received honoraria for speakers from
AstraZeneca, Chugai Pharmaceutical, MSD, Eli Lilly Japan,
Boehringer Ingelheim, Takeda Pharmaceutical, Bristol
Myers Squibb, Merck Biopharma, and Ono Pharmaceutical
outside the submitted work. Taiki Hakozaki has received

F I G U R E 5 Kaplan–Meier curve for progression-free survival (PFS) and overall survival (OS) based on KRAS mutation subtypes (a, b) (n = 21).
(a) Compared to KRAS non-G12C mutations (n = 14), KRAS G12C mutation cases (n = 7) showed no significant difference in PFS (HR, 0.64; 95% CI: 0.16–
2.59; p = 0.54). (b) Compared to KRAS non-G12C mutations (n = 14), KRAS G12C mutation cases (n = 7) showed no significant difference in PFS (HR,
0.45; 95% CI: 0.09–2.25; p = 0.33). Abbreviations: CI, confidence interval; HR, hazard ratio; OS, overall survival; PFS, progression-free survival

UEHARA ET AL. 1709

https://www.enago.jp


Payment for speakers’ bureaus from Chugai Pharmaceutical
outside the submitted work. Makiko Yomota has received
honoraria for speakers from Chugai Pharmaceutical,
Ono Pharmaceutical, AstraZeneca, TAIHO Pharmaceutical,
Takeda Pharmaceutical, Boehringer Ingelheim, and Pfizer,
outside the submitted work. Yukio Hosomi has received
honoraria for speakers from AstraZeneca, Ono Pharma-
ceutical, MSD, Taiho Pharmaceutical, Pfizer Takeda
Pharmaceutical, and Chugai Pharmaceutical outside the
submitted work.

ORCID
Yuji Uehara https://orcid.org/0000-0001-8047-8730
Taiki Hakozaki https://orcid.org/0000-0002-9980-4417
Yukio Hosomi https://orcid.org/0000-0002-3849-5905

REFERENCES
1. Elamin YY, Robichaux JP, Carter BW, Altan M, Gibbons DL,

Fossella FV, et al. Poziotinib for patients with HER2 exon 20 mutant
non–small-cell lung cancer: results from a phase II trial. J Clin Oncol.
2021;40:702–9.

2. Li BT, Smit EF, Goto Y, Nakagawa K, Udagawa H, Mazières J, et al.
Trastuzumab Deruxtecan in HER2-mutant non–small-cell lung can-
cer. N Engl J Med. 2022;386(3):241–51.

3. Aggarwal C, Redman MW, Lara PN, Borghaei H, Hoffman P,
Bradley JD, et al. SWOG S1400D (NCT02965378), a phase II study of
the fibroblast growth factor receptor inhibitor AZD4547 in previously
treated patients with fibroblast growth factor pathway-activated stage
IV squamous cell lung cancer (lung-MAP substudy). J Thorac Oncol.
2019;14(10):1847–52.

4. Paik PK, Shen R, Berger MF, Ferry D, Soria J-C, Mathewson A, et al.
A phase Ib open-label multicenter study of AZD4547 in patients with
advanced squamous cell lung cancers. Clin Cancer Res. 2017;23(18):
5366–73.

5. Lisberg A, Cummings A, Goldman JW, Bornazyan K, Reese N,
Wang T, et al. A phase II study of Pembrolizumab in EGFR-mutant,
PD-L1+, tyrosine kinase inhibitor Naïve patients with advanced
NSCLC. J Thorac Oncol. 2018;13(8):1138–45.

6. Garassino MC, Cho B-C, Kim J-H, Mazières J, Vansteenkiste J,
Lena H, et al. Durvalumab as third-line or later treatment for
advanced non-small-cell lung cancer (ATLANTIC): an open-label,
single-arm, phase 2 study. Lancet Oncol 2018;19(4):521–36.

7. Lee CK, Man J, Lord S, Links M, Gebski V, Mok T, et al. Checkpoint
inhibitors in metastatic EGFR-mutated non-small cell lung cancer-a
meta-analysis. J Thorac Oncol. 2017;12(2):403–7.

8. Herbst RS, Lopes G, Kowalski DM, Kasahara K, Wu Y-L, Castro GD,
et al. LBA4 association of KRAS mutational status with response to
pembrolizumab monotherapy given as first-line therapy for PD-
L1-positive advanced non-squamous NSCLC in Keynote-042. Ann
Oncol. 2019;30:xi63–4.

9. Huang Q, Zhang H, Hai J, Socinski MA, Lim E, Chen H, et al. Impact
of PD-L1 expression, driver mutations and clinical characteristics on
survival after anti-PD-1/PD-L1 immunotherapy versus chemotherapy
in non-small-cell lung cancer: a meta-analysis of randomized trials.
Onco Targets Ther. 2018;7(12):e1396403.

10. Jeanson A, Tomasini P, Souquet-Bressand M, Brandone N,
Boucekine M, Grangeon M, et al. Efficacy of immune checkpoint
inhibitors in KRAS-mutant non-small cell lung cancer (NSCLC).
J Thorac Oncol. 2019;14(6):1095–101.

11. Kartolo A, Feilotter H, Hopman W, Fung AS, Robinson A. A single
institution study evaluating outcomes of PD-L1 high KRAS-mutant
advanced non-small cell lung cancer (NSCLC) patients treated with
first line immune checkpoint inhibitors. Cancer Treat Res Commun.
2021;27:100330.

12. Guisier F, Dubos-Arvis C, Viñas F, Doubre H, Ricordel C, Ropert S,
et al. Efficacy and safety of anti-PD-1 immunotherapy in patients with
advanced NSCLC with BRAF, HER2, or MET mutations or RET
translocation: GFPC 01-2018. J Thorac Oncol. 2020;15(4):628–36.

13. Sabari JK, Leonardi GC, Shu CA, Umeton R, Montecalvo J, Ni A,
et al. PD-L1 expression, tumor mutational burden, and response to
immunotherapy in patients with MET exon 14 altered lung cancers.
Ann Oncol. 2018;29(10):2085–91.

14. Mazieres J, Drilon A, Lusque A, Mhanna L, Cortot AB, Mezquita L,
et al. Immune checkpoint inhibitors for patients with advanced lung
cancer and oncogenic driver alterations: results from the
IMMUNOTARGET registry. Ann Oncol. 2019;30(8):1321–8.

15. Dudnik E, Peled N, Nechushtan H, Wollner M, Onn A, Agbarya A,
et al. BRAF mutant lung cancer: programmed death ligand 1 expres-
sion, tumor mutational burden, microsatellite instability status, and
response to immune check-point inhibitors. J Thorac Oncol. 2018;
13(8):1128–37.

16. Kelly K, Chen S, Eldredge JB, Benjamin DJ, Mulroy MC, Tabbara N,
et al. The role of chemotherapy plus immune checkpoint inhibitors in
oncogenic driven non-small cell lung cancer: a University of Califor-
nia Lung Cancer Consortium retrospective study. J Clin Oncol. 2021;
39(15_suppl):9059–9.

17. Lai W-CV, Feldman DL, Buonocore DJ, Brzostowski EB, Rizvi H,
Plodkowski AJ, et al. PD-L1 expression, tumor mutation burden and
response to immune checkpoint blockade in patients with
HER2-mutant lung cancers. J Clin Oncol. 2018;36(15_suppl):9060–0.

18. Negrao MV, Skoulidis F, Montesion M, Schulze K, Bara I, Shen V,
et al. Oncogene-specific differences in tumor mutational burden, PD-
L1 expression, and outcomes from immunotherapy in non-small cell
lung cancer. J Immunother Cancer. 2021;9(8):e002891.

19. Li X, Wang L. Evaluation of different MET genotypes as biomarkers
for immunotherapy outcomes in NSCLC patients. J Clin Oncol. 2021;
39(15_suppl):e21032–2.

20. Lau SCM, Perdrizet K, de Mello G, Morais Mata D, Fung AS, Liu G,
et al. Sequencing of systemic therapies in advanced NSCLC with MET
exon 14 skipping mutation: a multicenter experience. J Clin Oncol.
2021;39(15_suppl):e21123–3.

21. Le X, Sakai H, Felip E, Veillon R, Garassino MC, Raskin J, et al.
Tepotinib efficacy and safety in patients with MET exon 14 skipping
NSCLC: outcomes in patient subgroups from the VISION study with
relevance for clinical practice. Clin Cancer Res. 2021;28:1117–26.

22. Wolf J, Seto T, Han J-Y, Reguart N, Garon EB, Groen HJM, et al.
Capmatinib in MET exon 14–mutated or MET-amplified non–small-
cell lung cancer. N Engl J Med. 2020;383(10):944–57.

23. Passiglia F, Cappuzzo F, Alabiso O, Bettini AC, Bidoli P, Chiari R,
et al. Efficacy of nivolumab in pre-treated non-small-cell lung cancer
patients harbouring KRAS mutations. Br J Cancer. 2019;120(1):57–62.

24. Torralvo J, Friedlaender A, Achard V, Addeo A. The activity of
immune checkpoint inhibition in KRAS mutated non-small cell lung
cancer: a single Centre experience. Cancer Genomics Proteomics.
2019;16(6):577–82.

25. Izumi M, Suzumura T, Ogawa K, Matsumoto Y, Sawa K,
Yoshimoto N, et al. Differences in molecular epidemiology of lung
cancer among ethnicities (Asian vs Caucasian). J Thorac Dis. 2020;
12(7):3776–84.

26. Jia Y, Jiang T, Li X, Zhao C, Zhang L, Zhao S, et al. Characterization
of distinct types of KRAS mutation and its impact on first-line
platinum-based chemotherapy in Chinese patients with advanced
non-small cell lung cancer. Oncol Lett. 2017;14(6):6525–32.

27. Loong HH-F, Du N, Cheng C, Lin H, Guo J, Lin G, et al. KRAS G12C
mutations in Asia: a landscape analysis of 11,951 Chinese tumor sam-
ples. Transl lung. Cancer Res. 2020;9(5):1759–69.

28. Amanam I, Mambetsariev I, Gupta R, Achuthan S, Wang Y,
Pharaon R, Massarelli E, Koczywas M, Reckamp K, Salgia R Role of
immunotherapy and co-mutations on KRAS-mutant non- small cell
lung cancer survival. J Thorac Dis 2020;12(9):5086–5095.

29. Song P, Yang D, Wang H, Cui X, Si X, Zhang X, et al. Relationship
between the efficacy of immunotherapy and characteristics of specific

1710 UEHARA ET AL.

https://orcid.org/0000-0001-8047-8730
https://orcid.org/0000-0001-8047-8730
https://orcid.org/0000-0002-9980-4417
https://orcid.org/0000-0002-9980-4417
https://orcid.org/0000-0002-3849-5905
https://orcid.org/0000-0002-3849-5905


tumor mutation genes in non-small cell lung cancer patients. Thorac
Cancer. 2020;11(6):1647–54.

30. Lee J, Tan AC, Zhou S, Yoon S, Liu S, Masuda K, Hayashi H, Batra U,
Kim DW, Goto Y, Tan SH, Wu YL, Lee DH, Tan DSW, Ahn MJ Clin-
ical characteristics and outcomes in advanced KRAS-mutated NSCLC:
a multicenter collaboration in Asia (ATORG-005). JTO Clin Res Rep
2022;3(1):100261.

31. Pelizzari G, Corvaja C, Targato G, Buriolla S, Bortolot M, Torresan S,
et al. 1312P prognostic impact of KRAS status in patients with non-
small cell lung cancer (NSCLC) treated with immune checkpoint
inhibitor monotherapy. Ann Oncol. 2021;32:S1011.

32. Skoulidis F, Byers LA, Diao L, Papadimitrakopoulou VA, Tong P,
Izzo J, et al. Co-occurring genomic alterations define major subsets of
KRAS-mutant lung adenocarcinoma with distinct biology, immune
profiles, and therapeutic vulnerabilities. Cancer Discov. 2015;5(8):
860–77.

33. Tanaka I, Morise M. Current immunotherapeutic strategies targeting
the PD-1/PD-L1 Axis in non-small cell lung cancer with oncogenic
driver mutations. Int J Mol Sci. 2022;23(1):245.

How to cite this article: Uehara Y, Watanabe K,
Hakozaki T, Yomota M, Hosomi Y. Efficacy of
first-line immune checkpoint inhibitors in patients
with advanced NSCLC with KRAS, MET, FGFR, RET,
BRAF, and HER2 alterations. Thorac Cancer. 2022;
13(11):1703–11. https://doi.org/10.1111/1759-7714.
14448

UEHARA ET AL. 1711

https://doi.org/10.1111/1759-7714.14448
https://doi.org/10.1111/1759-7714.14448

	Efficacy of first-line immune checkpoint inhibitors in patients with advanced NSCLC with KRAS, MET, FGFR, RET, BRAF, and HE...
	INTRODUCTION
	METHODS
	Study design
	Patients
	Molecular diagnostics
	Statistical analysis

	RESULTS
	Patient characteristics (n=78)
	Best overall response (n=78)
	Progression-free survival and overall survival (n=78)
	KRAS mutation subgroup analysis (n=21)

	DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	REFERENCES


