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Summary: The therapeutic landscape for patients with advanced or
metastatic non–small cell lung cancer (NSCLC) is rapidly evolving
due to advances in molecular testing and the development of new
targeted therapies and immunotherapies. However, the efficacy of
programmed death 1 (PD-1)/programmed death ligand 1 (PD-L1)
inhibitors in advanced or metastatic patients with NSCLC whose
tumors harbor BRAF V600E mutation, HER2/ERBB2 alteration,
MET exon 14 skipping mutation, or RET rearrangement is not
completely understood. A systematic literature review was per-
formed to summarize evidence from clinical trials and observational
studies on objective response rate, progression-free survival, and
overall survival in patients whose tumors express these biomarkers
and who were treated with PD-1/PD-L1 inhibitors. Searches of
Embase, MEDLINE, conference abstracts, and a clinical trial reg-
istry identified a total of 12 unique studies: 4 studies included
patients with BRAF V600E mutation, 6 studies included patients
with HER2/ERBB2 alteration, 7 studies included patients with
MET exon 14 skipping mutation, and 5 studies included patients
with RET rearrangement. Across studies, there was heterogeneity in
treatment and patient characteristics and a lack of reporting on
many important predictive and prognostic factors, including treat-
ment regimens, patients’ line of therapy, and tumor PD-L1
expression, which may explain the wide variation in objective
response rate, progression-free survival, and overall survival across
studies. Therefore, additional studies prospectively evaluating clin-
ical outcomes of PD-1/PD-L1 inhibitors among patients with
advanced or metastatic NSCLC whose tumors harbor emerging
predictive or prognostic biomarkers are needed to determine
whether this class of immunotherapy can provide additional sur-
vival benefits for these patients.
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L ung cancer is the leading cause of cancer-related mor-
tality worldwide, with over 2.2 million new diagnoses

and 1.8 million deaths estimated in 2020.1 Most (80%–90%)
patients with lung cancer have non–small cell lung cancer
(NSCLC), of whom ~70% are diagnosed in the advanced or
metastatic stage.2–4 Promisingly, however, the therapeutic
landscape for patients with advanced or metastatic NSCLC
is rapidly evolving due to advances in molecular testing and
the development of new therapies targeting specific molec-
ular alterations.2,5–8 Recent studies show that a large pro-
portion (28%–44%) of patients with NSCLC have tumors
expressing biomarkers that are targetable by first-line (1L)
or subsequent therapies approved for advanced or meta-
static NSCLC.9–11 These biomarkers include genetic alter-
ations in epidermal growth factor receptor (EGFR), ana-
plastic lymphoma kinase (ALK), ROS proto-oncogene
1 (ROS1), B-Raf proto-oncogene (BRAF), Erbb2 receptor
tyrosine-protein kinase 2 (ERBB2)/human epidermal
growth factor receptor 2 (HER2), Kirsten rat sarcoma virus
(KRAS), MET proto-oncogene (MET), neurotrophic tyro-
sine receptor kinase (NTRK), and rearranged during trans-
fection (RET).3,4 Thus, by considering tumor molecular
profiles together with other patient characteristics, such as
tumor histology, clinicians are increasingly able to select
treatment regimens that are most likely to improve the
clinical outcomes of individual patients with advanced or
metastatic NSCLC.2–8

In addition to molecularly targeted therapies, immu-
notherapies including programmed death 1 (PD-1)/pro-
grammed death ligand 1 (PD-L1) inhibitors have also
dramatically changed the way that NSCLC is treated and
have led to survival benefits among patients with advanced
or metastatic NSCLC with any PD-L1 expression level.12

Today, PD-1/PD-L1 inhibitors are predominately used in
the 1L setting for patients with advanced or metastatic
NSCLC whose tumors do not harbor EGFR, ALK, or
ROS1 alterations. For patients whose tumors express an
EGFR mutation or ALK rearrangement, treatment guide-
lines state that PD-1/PD-L1 inhibitors may be used for
subsequent therapy after disease progression on a targeted
EGFR or ALK inhibitor, respectively, although some evi-
dence shows that PD-1/PD-L1 inhibitors may have less of a
benefit for patients with certain EGFR or ALK
alterations.3,4 In addition, randomized controlled trials
show that PD-1/PD-L1 inhibitors delivered with or without
chemotherapy in the 1L setting improve survival regardless
of KRAS mutation status,13,14 and meta-analyses including
studies evaluating PD-1/PD-L1 inhibitors delivered with or
without chemotherapy in different treatment lines report
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greater improvements in survival in patients with KRAS
mutant tumors than in patients with KRAS wild-type
tumors.15,16 Emerging evidence also suggests that
STK11 mutations may confer resistance to PD-1/PD-L1
inhibitors.17 Therefore, the clinical outcomes of PD-1/PD-
L1 inhibitors may vary depending on the precise genetic
alterations found in the tumors of patients with advanced or
metastatic NSCLC.

Although there is accumulating evidence on the effi-
cacy of PD-1/PD-L1 inhibitors among patients with
advanced or metastatic NSCLC whose tumors express
EGFR, ALK, ROS1, STK11, or KRAS alterations, there is a
lack of synthesized evidence on the efficacy of these immu-
notherapies among patients who tumors express other
molecular alterations that are predictive of response to
specific therapies (ie, predictive biomarkers) or indicative of
survival independent of the treatment received (ie, prog-
nostic biomarkers). Therefore, to further understand the
clinical outcomes of PD-1/PD-L1 inhibitors among patients
with advanced or metastatic NSCLC whose tumors harbor
emerging predictive or prognostic biomarkers, a systematic
literature review (SLR) was performed to identify and
summarize evidence from clinical trials and observational
studies on objective response rate (ORR), progression-free
survival (PFS), and overall survival (OS) among patients
whose tumors express BRAF V600E mutation, HER2/

ERBB2 alterations, MET exon 14 skipping mutation, or
RET rearrangements and who were treated with PD-1/PD-
L1 inhibitors.

MATERIALS AND METHODS
This SLR was performed and reported in accordance

with “PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-analyses)” 2020 guidelines.18

Database searches were conducted in Embase, MED-
LINE, and Cochrane Central Register of Controlled Trials
(CENTRAL) through the OVID platform on March 15,
2022. To identify relevant studies that were not yet pub-
lished in full-text format, searches for conference abstracts
from American Society of Clinical Oncology, European
Society for Medical Oncology, European Society for Med-
ical Oncology Asia, International Association for the Study
of Lung Cancer’s World Conference on Lung Cancer,
American Association for Cancer Research, Society for
Immunotherapy of Cancer, and International Association
for the Study of Lung Cancer’s Targeted Therapies of Lung
Cancer from 2020 to 2021 were performed. Finally, the US
National Institutes of Health’s Clinical Trial Registry
(http://www.clinicaltrials.gov) was manually searched to
identify completed studies not yet published with results
available. Search strategies are provided in Supplemental

FIGURE 1. PRISMA flow diagram depicting the study selection process. PRISMA indicates Preferred Reporting Items for Systematic
Reviews and Meta-analyses.
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Digital Content 1, Tables S1–S3 (Supplemental Digital
Content 1, http://links.lww.com/JIT/A802, Supplemental
Digital Content 2, http://links.lww.com/JIT/A803, Supple-
mental Digital Content 3, http://links.lww.com/JIT/A804).

Title/abstract screening, full-text screening, data
extraction, and quality assessment were performed by 2
independent reviewers, with discrepancies between reviewers
resolved by discussion and the involvement of a third
reviewer, if needed. Studies were eligible for inclusion in the
SLR if they were randomized controlled trials, non-
randomized clinical trials, or observational studies evaluat-
ing the efficacy or effectiveness of PD-1/PD-L1 inhibitors
(atezolizumab, cemiplimab, durvalumab, nivolumab, or
pembrolizumab) in adult patients with recurrent or de novo
stage III or IV NSCLC who were not candidates for surgical
resection or definitive chemoradiation and for whom there
was positive detection of one or more of the following
biomarkers: BRAF V600E mutation, HER2/ERBB2 alter-
ation, MET exon 14 skipping mutation, or RET rear-
rangement. For studies enrolling a mixed population of
patients with and without detectable biomarkers, only
studies reporting outcomes by biomarker status were eligible
for inclusion. Studies evaluating pooled treatments (ie, dif-
ferent PD-1/PD-L1-based regimens pooled together in a
single treatment group) were eligible for inclusion if at least
80% of patients19 in the study were treated with a PD-1/PD-
L1 inhibitor. Publications were excluded from the SLR if
they were studies conducted exclusively in biomarker-neg-
ative or unknown populations, studies reporting biomarker
subgroups with <5 patients, case reports or case series
describing <5 patients, editorials, commentaries, or review
articles. Only English-language reports were eligible for
inclusion.

Data were extracted on study characteristics, baseline
patient characteristics, treatment characteristics, and
reported outcomes. Quality assessment of included studies
was performed with the Newcastle-Ottawa Quality Assess-
ment Scale for Cohort Studies,20 which was used for both
observational studies and clinical trials that were not
randomized based on patients’ biomarker status, making the
biomarker subgroup analysis more akin to a cohort study
design.

RESULTS
Out of a total of 5862 records identified through

searches of Embase, MEDLINE, CENTRAL, conference
proceedings, and ClinicalTrials.gov, 13 reports describing 12
unique studies were selected for inclusion in the SLR
(Fig. 1). Eleven studies were reported as full-text journal
articles and 1 study was reported as a conference abstract
and accompanying ClinicalTrials.gov record. The quality of
these 12 studies as evaluated using the Newcastle-Ottawa
Quality Assessment Scale for Cohort Studies is reported in
Supplemental Digital Content 1, Table S4 (Supplemental
Digital Content 4, http://links.lww.com/JIT/A805).

BRAF V600E Mutation
Between 1% and 5% of patients with NSCLC harbor

BRAF mutations, among whom over half exhibit point
mutation in BRAF V600E, which leads to persistent acti-
vation of downstream signaling in the mitogen-activated
protein kinase pathway, resulting in uncontrolled cell
proliferation.21 TA

B
LE

1.
Su

m
m
ar
y
of

St
ud

ie
s
Ev
al
ua

tin
g
PD

-1
/P
D
-L
1
In
hi
bi
to
r
Tr
ea

tm
en

t
A
m
on

g
Pa

tie
nt
s
W
ith

BR
AF

V6
00

E
M
ut
at
io
n

St
ud

y
T
re
at
m
en
t

L
in
e
of

th
er
ap

y
A
lte

ra
tio

n
ty
pe

N
o.

pa
tie

nt
s

P
D
-L
1

1%
–
49

%
(%

)
P
D
-L
1

≥
50

%
(%

)
O
R
R

(%
)

M
ed
ia
n
P
F
S

(m
o)

(9
5%

C
I)

M
ed
ia
n
O
S

(m
o)

(9
5%

C
I)

D
ud

ni
k

20
18

22
N
iv
ol
um

ab
,
pe
m
br
ol
iz
um

ab
,
or

at
ez
ol
iz
um

ab
1L

+
V
60
0E

m
ut
at
io
n

11
*

32
†

42
†

—
—

33
.9

(4
.6
–
N
R
)

G
ui
si
er

20
20

23
Si
ng

le
-a
ge
nt

ni
vo

lu
m
ab

,
pe
m
br
ol
iz
um

ab
,

or
ot
he
r
im

m
un

ot
he
ra
py

ag
en
t

1L
+

V
60

0E
m
ut
at
io
n

26
—

4
26

.1
5.
3
(2
.1
–
N
R
)

22
.5

(8
.3
–
N
R
)

M
az
ie
re
s

20
19

24
Si
ng

le
-a
ge
nt

ni
vo

lu
m
ab

,
pe
m
br
ol
iz
um

ab
,

at
ez
ol
iz
um

ab
,
du

rv
al
um

ab
,
or

ot
he
r

P
D
-1
/P
D
-L
1
in
hi
bi
to
r

N
ot

sp
ec
ifi
ed

V
60

0E
m
ut
at
io
n

17
—

55
.6
‡

—
1.
8
(1
–
4.
6)

8.
2
(1
.1
–
N
R
)

N
eg
ra
o

20
21

25
Si
ng

le
-a
ge
nt

at
ez
ol
iz
um

ab
,
du

rv
al
um

ab
,

ni
vo

lu
m
ab

,
or

pe
m
br
ol
iz
um

ab
1L

+
V
60

0E
m
ut
at
io
n

30
§

∥
∥

—
9.
79

(7
.5
9–
N
E
)

20
.8
3
(7
.4
9–
N
E
)

*A
dv

an
ce
d
di
se
as
e
on

ly
su
bg

ro
up

.
†
O
ve
ra
ll
P
D
-L
1
ex
pr
es
si
on

le
ve
l
re
po

rt
ed

fo
r
pa

ti
en
ts

w
it
h
an

y
di
se
as
e
st
ag
e.

‡
O
ve
ra
ll
P
D
-L
1
ex
pr
es
si
on

le
ve
l
re
po

rt
ed

fo
r
pa

ti
en
ts

w
it
h
an

y
B
R
A
F
ex
on

15
m
ut
at
io
n
(V

60
0E

an
d
no

n-
V
60
0E

m
ut
at
io
ns
).

§C
lin

ic
o-
G
en
om

ic
D
at
ab

as
e
im

m
un

ot
he
ra
py

co
ho

rt
.

∥2
2%

of
pa

ti
en
ts

ha
d
P
D
-L
1
ex
pr
es
si
on

≥
1%

.
1L

in
di
ca
te
s
fi
rs
t-
lin

e;
N
E
,n

ot
es
ti
m
ab

le
;N

R
,n

ot
re
ac
he
d;

O
R
R
,o

bj
ec
ti
ve

re
sp
on

se
ra
te
;O

S,
ov

er
al
ls
ur
vi
va
l;
P
D
-1
,p

ro
gr
am

m
ed

de
at
h
pr
ot
ei
n
1;

P
D
-L
1,

pr
og

ra
m
m
ed

de
at
h
lig

an
d
1;

P
F
S,

pr
og

re
ss
io
n-
fr
ee

su
rv
iv
al
.

Akers et al J Immunother � Volume 47, Number 4, May 2024

130 | www.immunotherapy-journal.com Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc.

http://links.lww.com/JIT/A802
http://links.lww.com/JIT/A803
http://links.lww.com/JIT/A804
http://links.lww.com/JIT/A805


This SLR identified 4 observational studies22–25 that
included patients with BRAF V600E mutation who were
treated with PD-1/PD-L1 inhibitors (Table 1). All 4 studies
evaluated pooled PD-1/PD-L1 inhibitors (ie, different PD-1/
PD-L1-based regimens pooled together in a single treatment
group) delivered as monotherapy. Three studies included
patients in a 1L+ treatment setting, whereas one study did
not specify patients’ line of therapy. Other patient charac-
teristics, including age, sex, and performance status, are
shown in Supplemental Digital Content 1, Table S5
(Supplemental Digital Content 5, http://links.lww.com/JIT/
A806).

For patients with BRAF V600E mutation treated with
pooled PD-1/PD-L1 monotherapy in the 1L+ setting, ORR
was 26.1%, median PFS ranged from 5.3 to 9.79 months,
and median OS ranged from 20.83 to 33.9 months (Fig. 2).
For patients treated with pooled PD-1/PD-L1 monotherapy
whose line of therapy was not specified, the median PFS was
1.8 months, and the median OS was 8.2 months.

ERBB2/HER2 Alteration
ERBB2/HER alterations, including mutations, ampli-

fication, and overexpression, are observed in 1%–4%, 2%–
5%, and 2%–30% of patients with NSCLC, respectively.26

All HER2 alterations lead to persistent activation of HER2
and multiple downstream signaling pathways, resulting in
cell growth, metastasis, and angiogenesis.

This SLR identified 6 observational studies23–25,27–29

that included patients with HER2 alteration who were
treated with PD-1/PD-L1 inhibitors (Table 2). These studies
describe patient subgroups with a variety of HER2 alter-
ations, including exon 20 insertions, transmembrane or
juxtamembrane domain point mutations between exons 17
and 19, and mutations in codons 755 or 770–785. Some
studies evaluated pooled PD-1/PD-L1 inhibitors delivered
as monotherapy (n = 3), other studies evaluated pooled
PD-1/PD-L1 inhibitors delivered as monotherapy or

combination therapy (n = 2; with or without a CTLA4
inhibitor or another unspecified immune checkpoint inhib-
itor), and 1 study evaluated 2 treatment groups of pooled
PD-1/PD-L1 inhibitors delivered as monotherapy. Most
studies (n = 5) included patients in a 1L+ setting, whereas
one study did not specify patients’ line of therapy. Other
patient characteristics are shown in Supplemental Digital
Content 1, Table S6 (Supplemental Digital Content 6, http://
links.lww.com/JIT/A807).

For patients withHER2 alterations treated with pooled
PD-1/PD-L1 monotherapy in the 1L+ setting, ORR ranged
from 8% to 27.3%, median PFS ranged from 1.88 to
3.02 months, and median OS ranged from 10.81 to
20.4 months (Fig. 3). For patients treated with pooled PD-1/
PD-L1 monotherapy or combination therapy in the 1L+
setting, ORR ranged from 29% to 33%, and median PFS
was 3.6 months. For patients treated with pooled PD-1/PD-
L1 monotherapy whose line of therapy was not specified,
ORR was 7.4%, median PFS was 2.5 months, and median
OS was 20.3 months.

MET Exon 14 Skipping Mutation
Up to 3% of patients with NSCLC exhibit MET exon

14 skipping mutation, which leads to impaired MET protein
degradation and excessive activation of MET signaling,
thereby driving tumor cell proliferation, survival, invasion,
and metastasis.30

This SLR identified 1 randomized controlled trial31,32

and 6 observational studies23–25,29,33,34 that included
patients with MET exon 14 skipping mutation who were
treated with PD-1/PD-L1 inhibitors (Table 3). Most studies
exclusively described patients with exon 14 skipping muta-
tion (n = 5), whereas one study described patients with
either exon 14 or amplification mutations. Some studies
evaluated pooled PD-1/PD-L1 inhibitors delivered as mon-
otherapy (n = 4), other studies evaluated pooled PD-1/PD-
L1 inhibitors delivered as monotherapy or combination

FIGURE 2. ORR (left), median PFS (middle), and median OS (right) among patients with BRAF V600E mutation treated with PD-1/PD-L1
inhibitors. Each bubble corresponds to one treatment group, with bubble size reflecting the number of patients within each group. The y-
axis categories correspond to different treatment regimens, and the bubble color indicates the patients’ line of therapy. ORR indicates
objective response rate; OS, overall survival; PD-1, programmed death protein 1; PD-L1, programmed death ligand 1; PFS, progression-
free survival.
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TABLE 2. Summary of Studies Evaluating PD-1/PD-L1 Inhibitor Treatment Among Patients With ERBB2/HER2 Alteration

Study Treatment
Line of
therapy

Alteration
type

No.
patients

PD-L1
1%–49% (%)

PD-L1
≥ 50% (%) ORR (%)

Median PFS
(mo) (95% CI)

Median OS
(mo) (95% CI)

Cinaursero
201927

Nivolumab or pembrolizumab 1L+ Unspecified mutation 6 — — — * *

Guisier
202023

Single-agent nivolumab,
pembrolizumab, or other
immunotherapy agent

1L+ Exon 20 insertion 23 6 37 27.3 2.2 (1.7–15.2) 20.4 (9.3–NR)

Lau 202128 Pembrolizumab, nivolumab,
or other PD-1 inhibitor ±CTLA4
inhibitor

1L+ Exon 20 insertion or transmembrane
or juxtamembrane domain point
mutation between exons 17 and 19

14 38 23 29 3.6 (1.6–NR) —

Mazieres
201924

Single-agent nivolumab,
pembrolizumab, atezolizumab,
durvalumab, or other PD-1/PD-
L1 inhibitor

Not
specified

Exon 20 activating mutation 29 † † 7.4 2.5 (1.8–3.5) 20.3 (7.8–NR)

Negrao
202125

Single-agent atezolizumab,
durvalumab, nivolumab, or
pembrolizumab

1L+ Mutation in codons 755 or 770–785 15‡ δ δ 8 1.88 (1.6–2.1) 16.8 (3.1–30.6)

Single-agent atezolizumab,
durvalumab, nivolumab, or
pembrolizumab

1L+ Mutation in codons 755 or 770–785 28∥ ¶ ¶ — 3.02 (1.81–NE) 10.81
(5.62–NE)

Yoh 202129 Pembrolizumab, nivolumab,
atezolizumab, or PD-L1
inhibitor ± another ICI
received in clinical trial#

1L+ Exon 20 insertion 9 — — 33 — —

*Study does not report median value but instead reports hazard ratio for mutation versus wild-type comparison.
†PD-L1 <10%: 84.6%, PD-L1 ≥ 10%: 15.4%.
‡MD Anderson Cancer Center cohort.
§PD-L1 ≥ 1%: 13%.
∥Clinico-Genomic Database immunotherapy cohort.
¶PD-L1 ≥ 1%: 4%.
#1% of patients in the total study cohort (n = 260) were treated in a clinical trial.
CTLA4 indicates cytotoxic T-lymphocyte–associated protein 4; ICI, immune checkpoint inhibitor; 1L, first-line; NE, not estimable; NR, not reached; ORR, objective response rate; OS, overall survival; PD-1,

programmed death protein 1; PD-L1, programmed death ligand 1; PFS, progression-free survival.
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therapy (n = 2; with ipilimumab or another unspecified
immune checkpoint inhibitor), and 1 study evaluated
nivolumab-based combination therapy (with capmatinib).
Most studies (n = 6) included patients in a 1L+ setting,
whereas 1 study did not specify patients’ line of therapy.
Other patient characteristics are shown in Supplemental
Digital Content 1, Table S7 (Supplemental Digital Content
7, http://links.lww.com/JIT/A808).

For patients withMET exon 14 skipping mutation who
were treated with nivolumab-based combination therapy in
the 1L+ setting, the median PFS was 13.8 months. For
patients treated with pooled PD-1/PD-L1 monotherapy in
the 1L+ setting, ORR ranged from 35.7% to 37.5%, median
PFS ranged from 2.69 to 13.25 months, and median OS
ranged from 12.25 to 13.4 months (Fig. 4). For patients
treated with pooled PD-1/PD-L1 monotherapy or combi-
nation therapy in the 1L+ setting, ORR ranged from 17% to
25%, median PFS was 1.9 months, and median OS was
18.2 months. For patients treated with pooled PD-1/PD-L1
monotherapy whose line of therapy was not specified, the
median PFS was 4.7 months, and the median OS was
25 months.

RET Rearrangement
RET rearrangements, which are found in 1%–2% of

patients with NSCLC, can lead to constitutive mitogen-
activated protein kinase or phosphoinositide 3-kinase
pathway activation and hence uncontrolled cell pro-
liferation, growth, differentiation, and survival.35

This SLR identified 5 observational studies23,24,29,36,37

that included patients with RET rearrangement who were
treated with PD-1/PD-L1 inhibitors (Table 4). Most studies
described patients with RET fusion (n = 3), whereas other
studies described patients with RET translocation (n = 1) or
did not specify the type of RET rearrangement (n = 1).
Some studies evaluated pooled PD-1/PD-L1 inhibitors

delivered as monotherapy (n = 2), 1 study evaluated pooled
PD-1/PD-L1 inhibitors delivered as monotherapy or com-
bination therapy (with or without another unspecified
immune checkpoint inhibitor), 1 study evaluated pem-
brolizumab-based combination therapy (with pemetrexed +
platinum or other systemic therapy), and 1 study evaluated 2
treatment groups: pooled PD-1/PD-L1 inhibitors delivered
as monotherapy or combination therapy (with or without
unspecified other agents) and pembrolizumab-based com-
bination therapy (with pemetrexed + carboplatin). Two
studies included patients in a 1L+ setting, 1 study included
patients in a 1L setting, 1 study did not specify patients’ line
of therapy, and 1 study included multiple cohorts of patients
in 1L or second-line settings. Other patient characteristics
are shown in Supplemental Digital Content 1, Table S8
(Supplemental Digital Content 8, http://links.lww.com/JIT/
A809).

For patients treated with pembrolizumab-based combi-
nation therapy in the 1L setting, all of whom had RET fusion,
ORR was 70%, median PFS was 5.4 months, and median OS
was 19 months (Fig. 5). For patients treated with pooled PD-
1/PD-L1 monotherapy or combination therapy in the 1L
setting, all of whom had RET fusion, ORR ranged from
53.9% to 75%, median PFS ranged from 4.2 to 6.6 months,
and median OS was 19.1 months. For patients treated with
pooled PD-1/PD-L1 monotherapy in the 1L+ setting, all of
whom had RET translocation, ORR was 37.5%, and median
PFS was 7.6 months. For patients treated with pooled PD-1/
PD-L1 monotherapy or combination therapy in the 1L+
setting, all of whom had RET fusion, ORR was 33%. For
patients treated with pooled PD-1/PD-L1 monotherapy or
combination therapy in the second-line setting, all of whom
had RET fusion, ORR was 33.3%, median PFS was
4.4 months, and median OS was 16 months. For patients
treated with pooled PD-1/PD-L1 monotherapy whose line of
therapy was not specified, all of whom had unspecified RET

FIGURE 3. ORR (left), median PFS (middle), and median OS (right) among patients with ERBB2/HER2 alteration treated with PD-1/PD-L1
inhibitors. Each bubble corresponds to one treatment group, with bubble size reflecting the number of patients within each group. The y-
axis categories correspond to different treatment regimens, and the bubble color indicates the patients’ line of therapy. ORR indicates
objective response rate; OS, overall survival; PD-1, programmed death protein 1; PD-L1, programmed death ligand 1; PFS, progression-
free survival.
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TABLE 3. Summary of Studies Evaluating PD-1/PD-L1 Inhibitor Treatment Among Patients With MET exon 14 Skipping Mutation

Study Treatment
Line of
therapy

Alteration
type No. patients

PD-L1
1%–49% (%)

PD-L1
≥ 50% (%) ORR (%)

Median PFS
(mo) (95% CI)

Median OS
(mo) (95% CI)

Felip 202131 Nivolumab + capmatinib 1L+ MET amplification or
exon 14 mutation*

16 — — — 13.8 (3.5–19.2) —

Guisier 202023 Single-agent nivolumab,
pembrolizumab, or other
immunotherapy agent

1L+ Exon 14 skipping 30 11 22 35.7 4.9 (2–11.4) 13.4 (9.4–NR)

Kauffmann-
Guerrero
202033

Nivolumab, pembrolizumab,
or atezolizumab monotherapy

1L+ Exon 14 skipping 8 37.5 50 37.5 13.25 (—) —

Mazieres 201924 Single-agent nivolumab,
pembrolizumab, atezolizumab,
durvalumab, or other
PD-1/PD-L1 inhibitor

Not
specified

Exon 14 skipping 23 † † — 4.7 (1.8–7.8) 25 (18.4–NR)

Negrao 202125 Single-agent atezolizumab,
durvalumab, nivolumab,
or pembrolizumab

1L+ Exon 14 skipping 28‡ δ δ — 2.69 (1.97–NE) 12.25 (5.85–NE)

Sabari 201834 Pembrolizumab, nivolumab,
atezolizumab, durvalumab,
or nivolumab + ipilimumab

1L+ Exon 14 skipping 21 22 41 17 1.9 (1.7–2.7) 18.2 (12.9–NR)

Yoh 202129 Pembrolizumab, nivolumab,
atezolizumab, or PD-1/PD-L1
inhibitor ± another ICI
received in a clinical trial

1L+ Exon 14 skipping 9∥ — — 25 — —

*Immunohistochemistry = 3+ in ≥ 50% tumor cells or immunohistochemistry = 2+ in ≥ 50% tumor cells and gene copy number ≥ 5 or MET exon 14+.
†For patients with any MET alteration, PD-L1 1%–49%: 28.3%, PD-L1 ≥ 50%: 46.7%.
‡Clinico-Genomic Database immunotherapy cohort.
§PD-L1 ≥ 1%: 9%.
∥1% of patients in the overall study cohort (n = 260) were treated in a clinical trial.
ICI indicates immune checkpoint inhibitor; 1L, first-line; NE, not estimable; NR, not reached; ORR, objective response rate; OS, overall survival; PD-1, programmed death protein 1; PD-L1, programmed death ligand

1; PFS, progression-free survival.
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rearrangements, ORR was 6.3%, median PFS was 2.1
months, and median OS was 21.3 months.

DISCUSSION
The objective of this study was to identify and sum-

marize evidence from clinical trials and observational
studies reporting clinical outcomes of patients with
advanced or metastatic NSCLC harboring BRAF V600E
mutation, ERBB2/HER2 alteration, MET exon 14 skipping
mutation, or RET rearrangement and treated with PD-1/
PD-L1 inhibitors. The overall evidence base of all included
studies consisted primarily of observational studies, and the
one interventional study identified (which included patients
with MET exon 14 skipping mutation) analyzed outcomes
by biomarker status in a post hoc manner. Most studies
evaluated different PD-1/PD-L1 inhibitors pooled together
in a single treatment group without separating the agents
when reporting outcomes. Among these studies, there
was substantial heterogeneity in whether the PD-1/PD-L1
inhibitors were delivered as monotherapy or in combination
with other immunotherapy or chemotherapy agents. Across
studies, evaluated PD-1/PD-L1 inhibitors included pem-
brolizumab, nivolumab, atezolizumab, and durvalumab,
with no studies evaluating cemiplimab. Although the line of
therapy is a known predictor of survival outcomes among
patients with cancer,38 most studies included patient pop-
ulations with mixed lines of therapy (eg, 1L+) and did not
report outcomes by the line of therapy, and some studies did
not report information on line of therapy. Furthermore,
many studies did not report tumor PD-L1 expression level,
which is a known predictor of patient response to PD-1/PD-
L1 inhibitors.12 Thus, the wide variation in reported ORR,
PFS, and OS across studies suggests that the efficacy
of PD-1/PD-L1 inhibitors within subgroups of patients
with advanced or metastatic NSCLC expressing certain
biomarkers depends on key treatment and patient

characteristics, including treatment regimen, patients’ line of
therapy, and tumor PD-L1 expression level.

This SLR involved highly sensitive searches in the
peer-reviewed literature, as well as searches of recent
conferences and a clinical trial registry to identify
unpublished trials with results available. Thus, the rela-
tively small number of studies identified that evaluated
patients with advanced or metastatic NSCLC with certain
targetable biomarkers is likely due to a lack of relevant
studies in the literature. Also, the review process was
guided by predefined eligibility criteria, and data quality
was ensured through the involvement of 2 independent
reviewers in the study selection and data extraction proc-
esses. Despite the strengths of this SLR methodology,
however, some limitations should be acknowledged. First,
some studies did not report patient characteristics for a
specific biomarker subgroup (eg, ERBB2/HER2 mutation)
but rather for a larger biomarker-evaluable subgroup (eg,
all patients evaluated for ERBB2/HER2 status, including
both mutation and wild-type). As patients expressing a
specific biomarker may systematically differ in certain
baseline characteristics from the overall patient pop-
ulation, this lack of reported patient characteristics for
specific biomarker subgroups makes it difficult to deter-
mine their similarity across studies. Second, there could be
considerable differences among studies in the biomarker
test assay used and the timing of testing, resulting in
between-study variations in definitions of biomarker sta-
tus. Third, as with any SLR, the evidence base continues
to evolve quickly; as such, there is a risk that recent clin-
ical trials that have been published since March 2022 may
not have been captured. Fourth, SLRs are limited by the
use of published data. Although there is a risk of pub-
lication bias, as some clinical trials fail to be published,
whereas others are published only as abstracts, this risk
may be mitigated by our extensive search of conference
abstracts.

FIGURE 4. ORR (left), median PFS (middle), and median OS (right) among patients with MET exon 14 skipping mutation treated with
PD-1/PD-L1 inhibitors. Each bubble corresponds to one treatment group, with bubble size reflecting the number of patients within each
group. The y-axis categories correspond to different treatment regimens, and the bubble color indicates the patients’ line of therapy. ORR
indicates objective response rate; OS, overall survival; PD-1, programmed death protein 1; PD-L1, programmed death ligand 1; PFS,
progression-free survival.
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TABLE 4. Summary of Studies Evaluating PD-1/PD-L1 Inhibitor Treatment Among Patients With RET Rearrangements

Study Treatment
Line of
therapy

Alteration
type

No.
patients

PD-L1 1%
to 49% (%)

PD-L1
≥ 50% (%) ORR (%)

Median PFS
(mo) (95% CI)

Median OS
(mo) (95% CI)

Guisier 202023 Single-agent nivolumab,
pembrolizumab, or unspecified
other immunotherapy agent

1L+ Translocation 9 — 38 37.5 7.6 (2.3–NR) NR (26.8–NR)

Mazieres 201924 Single-agent nivolumab,
pembrolizumab, atezolizumab,
durvalumab, or other PD-1/PD-
L1 inhibitor

Not specified Unspecified rearrangement 16 — 50 6.3 2.1 (1.3–4.7) 21.3 (3.8–28)

Yoh 202129 Pembrolizumab, nivolumab,
atezolizumab, or PD-1/PD-L1
inhibitor + another ICI in a
clinical trial‡

1L+ Fusion 13 — — 33 — —

Bhandari 202136 Atezolizumab, ipilimumab,
nivolumab, or
pembrolizumab±other agents

1L Fusion 17* — — 53.9 4.2 (1.4–8.4) 19.1 (6.9–NR)

2L Fusion 11* — — 33.3 4.4 (1.5–NR) 16 (3.7–NR)
Pembrolizumab + pemetrexed +

carboplatin
1L Fusion 12* — — 70 5.4 (1.4–14.2) 19 (6.9–NR)

1L Fusion 7† — — — — NR (17.3–NR)
Hess 202137 Pembrolizumab + pemetrexed +

platinum
1L Fusion 9 57.1 28.6 75 6.6 (0.4–NR) NR (NE–NE)

*Clinico-Genomic Database cohort.
†Guardant Health Database cohort.
‡1% of patients in the overall study cohort (n = 260) were treated in a clinical trial.
ICI indicates immune checkpoint inhibitor; 1L, first-line; 2L, second-line; NE, not estimable; NR, not reached; ORR, objective response rate; OS, overall survival; PD-1, programmed death protein 1; PD-L1,

programmed death ligand 1; PFS, progression-free survival.
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CONCLUSIONS
Considering the evidence base for each biomarker

separately, the presence of large heterogeneity in key study
characteristics (eg, study design, treatment regimen, and
patients’ line of therapy) as well as the fragmentary
availability of efficacy outcomes precludes meaningful
conclusions regarding the efficacy of PD-1/PD-L1 inhib-
itors depending on biomarker status. Moreover, the small
number of studies identified for each biomarker indicates
that gaps exist in the literature on the efficacy of PD-1/PD-
L1 inhibitors for treating patients with advanced or
metastatic NSCLC with a known molecular biomarker.
Despite the accumulation of studies of patients
with EGFR, ALK, ROS1, STK11, or KRAS
alterations,15–17,39,40 studies of patients with BRAF V600E
mutation, ERBB2/HER2 alteration, MET exon 14 skip-
ping mutation, or RET rearrangement are still lacking.
Also, as most identified studies evaluated pooled PD-1/
PD-L1 inhibitors among patients receiving mixed lines of
therapy, there is limited data on the efficacy of specific PD-
1/PD-L1 inhibitors among patients receiving a certain line
of therapy. Therefore, in light of the availability of new
targeted therapies for BRAF, ERBB2/HER2, MET, or
RET alterations and the widespread use of immunother-
apy among patients with advanced or metastatic NSCLC,
it is important for prospective studies to evaluate the
outcomes of PD-1/PD-L1 inhibitors among patients whose
tumors harbor these biomarkers to determine whether this
class of immunotherapy can provide additional survival
benefits.
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