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Immunotherapy for patients with advanced non-small cell lung
cancer harboring oncogenic driver alterations other than EGFR: a
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Background: The administration of immune checkpoint inhibitors (ICIs) in advanced non-small cell lung
cancer (NSCLC) with oncogenic driver alterations other than epidermal growth factor receptor (EGFR)
aroused a heated discussion. We thus aimed to evaluate ICI treatment in these patients in real-world routine
clinical practice.

Methods: A multicenter, retrospective study was conducted for NSCLC patients with at least one gene
alteration (KRAS, HER2, BRAF, MET, RET, ALK, ROSI) receiving ICI monotherapy or combination
treatment. The data regarding clinicopathologic characteristics, clinical efficacy, and safety were investigated.
Results: A total of 216 patients were included, the median age was 60 years, 72.7% of patients were male,
and 46.8% had a smoking history. The molecular alterations involved KRAS (n=95), HER2 (n=42), BRAF
(n=22), MET (n=21), RET (n=14), ALK (n=14), and ROS1 (n=8); 56.5% of patients received immunotherapy
in the first-line, and the rest 43.5% were treated as a second-line and above. For the entire cohort who
received immunotherapy-based regimens in the first-line, the median progression-free survival (PFS) was
7.5 months and the median overall survival (OS) was 24.8 months. For the entire cohort who received
immunotherapy-based regimens in the second-line and above, the median PFS was 4.7 months and median
OS was 17.1 months. KRAS mutated NSCLC treated with immunotherapy-based regimens in the first-line
setting had a median PFS and OS were 7.8 and 26.1 months, respectively. Moreover, the median PFS and OS
of immunotherapy-based regimens for KRAS-mutant NSCLC that progressed after chemotherapy were 5.9
and 17.1 months. Programmed death ligand 1 (PD-L1) expression level was not consistently associated with
response to immunotherapy across different gene alteration subsets. In the KRAS group, PD-L1 positivity
[tumor proportion score (TPS) >1%] was associated with better PFS and OS according to the multivariate
Cox analysis. No statistically significant association was found for smoking status, age, or gender with clinical
efficacy in any gene group analyses.

Conclusions: KRAS-mutant NSCLC could obtain clinical benefits from ICIs either for treatment-naive

patients or those who have experienced progression after chemotherapy, and PD-L1 positive expression
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(TPS >1%) may be a potential positive predictor. For NSCLC with ALK, RET and ROSI rearrangement,

MET exon 14 skipping mutation, or BRAF V600E mutation, effectiveness of single or combined ICI therapy

remains limited, therefore, targeted therapies should be considered prior to immunotherapy regimens.

Future studies should address the investigation of better predictive biomarkers for immunotherapy response
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Introduction

Management of advanced non-small cell lung cancer
(NSCLC) has changed drastically over the last few
decades with the development of targeted therapies and
immunotherapy. The unique pathogenesis of oncogene-
driven NSCLC affects the clinical progression of disease
and with major therapeutic implications. Many oncogenic
drivers including EGFR, KRAS, MET, BRAF, HER2
mutation and ALK, ROS1, RET rearrangement have been
identified (1). Although molecularly targeted agents have
been approved for first-line or later-line settings in NSCLC

Highlight box

Key findings

* Immune checkpoint inhibitors (ICIs) showed clinical effectiveness
in KRAS-mutant advanced non-small cell lung cancer (NSCLC)
in the first-line treatment setting or after progression on
chemotherapy.

* For advanced NSCLC with ALK, RET, ROSI rearrangement,
MET exon 14 skipping mutation, and BRAF V600E mutation,
effectiveness of single or combined ICI therapy remains limited,
therefore, targeted therapies should be considered prior to

immunotherapy regimens.

What is known and what is new?

* The clinical exploration of various ICI regimens and their
sequencing for NSCLC with oncogenic driver alterations,
especially rare alterations, is an area of ongoing research.

* We ascertained treatment outcomes of ICI treatment for patients
with advanced NSCLC having KRAS, HER2, MET, BRAF, ALK,
ROSI, and RET alterations in a real-world setting.

What is the implication, and what should change now?

* ICI treatment may be an option for advanced NSCLC patients
with oncogenic drivers, but each alteration portends a different
response to ICI and the treatment strategies should be tailored
based on different types of gene alteration.
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patients with some of these oncogenic alterations and led to
improved clinical outcomes (2-4), there is a large spectrum
of heterogeneity in duration and rate of response to targeted
therapies across different oncogene-driven subtypes.
In addition, acquired resistance to targeted therapies is
inevitable and poses a significant clinical challenge due to
the paucity of effective subsequent treatment options (5).
Thus, developing new treatment strategies to address this
treatment shortcoming is urgently needed.

Immune checkpoint inhibitors (ICIs) targeting
programmed cell death 1 (PD-1) and PD-ligand 1 (PD-
L1) have prolonged the overall survival (OS) of advanced
NSCLC patients without oncogenic alterations (6), in
addition to creating a durable response in the selected
group of patients (7). Even though the durable responses
obtained with immunotherapy are desired for a large
population of NSCLC patients, their efficacy in oncogene-
driven NSCLC has not been fully clarified. The majority
of driver oncogenes identified so far in NSCLC lead to
tumor cell proliferation by constitutively activating various
signaling pathways. Multiple studies have suggested that
activation of oncogenic signaling pathways alters tumor
immune microenvironment, excluding activated T cells
while promoting proliferation of the immunosuppressive
cell population (8-11). Subsequently, this may contribute
to tumor evasion of immunosurveillance and also affect the
efficacy of immunotherapy in oncogene-driven subtypes of
NSCLC (12).

KRAS-mutant NSCLC is mostly seen in smoker
population and is associated with the high expression
of PD-L1 and tumor mutation burden (TMB) (13-17),
suggesting a high tumor immunogenicity and inflammatory
microenvironment, which is thought to confer sensitivity
to ICIs. Data of clinical trials showed that KRAS-mutant
NSCLC benefited from ICI monotherapy or combination
chemoimmunotherapy similarly to or better than the KRAS
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wild type NSCLC (14,18-22). BRAF- and MET-altered
NSCLC may occur in both smokers and nonsmokers (23-26).
For BRAF-mutant NSCLC with a history of smoking and
a high level of PD-L1 expression, the rates of response
to anti-PD-1/PD-L1 therapies are similar to those in
the non-selected population (13,27). And some studies
demonstrate that MET exon 14 skipping induces PD-L1
expression (28,29). A substantial proportion of MET exon
14 alterations patients even with high levels of PD-L1 yet
experience only modest efficacy with ICI monotherapy (30).
ALK-, ROS1-, RET-rearrangement, and HER2-altered
NSCLC tend to occur in nonsmokers (26,31). Studies
investigating the efficacy of ICI in HER2 mutated NSCLC
report variable findings with overall response rate (ORR)
of 7-27% and with progression-free survival (PFS) of
2.2-2.5 months (32,33). Patients with driver rearrangement
in ALK, ROS1, and RET rarely receive benefit from ICI
monotherapy, and in most cases, the PFS barely exceeds
3 months (33). This could be due to the low TMB and
PD-L1 expression (13,34,35) in these patients. It is worth
mentioning that although there is poor efficacy of ICI
monotherapy in oncogenic-driven NSCLC mentioned
above other than KRAS, a few studies have still reported
some encouraging results with ICI-based combination
therapy (36,37). The consensus among Chinese experts
on immunotherapy for advanced driver gene-positive
NSCLC is that targeted therapy should be given priority
if the targeted drugs are available. A re-biopsy should be
performed again if conditions permit when after resistance
to targeted therapy. In cases where targeted therapy is
resistant or not available, ICI treatment decisions need to
be comprehensively considered (38).

Given the heterogeneous and modest benefits of
immunotherapy in patients with actionable genetic
alterations, discerning the extent to which anti-PD-1/
PD-L1 inhibitors confer advantages for patients with
different oncogenes is a matter of substantial clinical
relevance. However, the general occurrence rate of the
abovementioned gene alterations in NSCLC is not high,
thus making the implementation of prospective studies
challenging. Considering these issues, we conducted a
retrospective, multicenter study to explore the real-world
immunotherapy patterns, survival outcome data, and
safety in advanced NSCLC patients with KRAS, BRAF,
MET, HER2, ALK, ROS1, or RET alteration. We present
this article in accordance with the STROBE reporting
checklist (available at https://tlcr.amegroups.com/article/

© Translational Lung Cancer Research. All rights reserved.

863

view/10.21037/tlcr-24-116/rc).

Methods
Study design and patients

This multicenter, retrospective cohort study included four
hospitals (West China Hospital, Sichuan Cancer Hospital,
363 Hospital, Leshan People’s Hospital) in Sichuan
Province. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013), and the
study protocol was reviewed and approved by the Ethics
Committee of West China Hospital (No. 2023-1004). All
participating hospitals were informed and agreed with this
study. Informed consent was waived due to the retrospective
nature of the study.

Patients with histologic confirmation of NSCLC
who were treated with anti-PD-1/PD-L1 treatment
(monotherapy or anti-PD-1/PD-L1 inhibitor combined
with any other drugs) between May 2015 and October
2022 were reviewed. The cutoff for the follow-up data
was May 10, 2023. Eligible patients were aged 18 years
or older, treated with anti-PD-1 or PD-L1 monotherapy
or combination with other drugs, and diagnosed as stage
IV NSCLC with at least one of the following somatic
de movo oncogenic driver alteration: HER?2 (amplification
or exon 20 activating mutation), KRAS mutation, BRAF
mutation (V60OE or non-V600E), MET amplification or
exon 14 skipping mutation, ALK rearrangement, ROS1
rearrangement, and RET rearrangement. Patients with
incomplete medical records or included in a clinical
immunotherapy trial were excluded.

Data collection

This study did not interfere with any clinical practice,
and all patients’ treatments were prescribed by their own
physicians. Electronic medical records were reviewed, and
data regarding clinicopathologic characteristics and follow-
up information were extracted, including age, gender, Eastern
Cooperative Oncology Group (ECOG) score, histological
types, smoking status, oncogene alteration subtype, PD-L1
status, details of ICI treatment and outcomes, and follow-up
status.

Response assessment and outcomes

PFS was calculated from the day of ICI treatment initiation
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(n=1,453)

Patients with advanced NSCLC who received ICI monotherapy
or ICl-based combined therapy in four medical centers

Y

(n=241)

Screening based on
inclusion criteria

Exclusion:
* Incomplete clinical

Y

> data (n=15)
e Participation in the
clinical trial (h=10)

(n=216)

Enrolled in this study

Figure 1 The screening flowchart of patients in our study. NSCLC, non-small cell lung cancer; ICI, immune checkpoint inhibitor.

to disease progression or death from any cause, and data was
censored if the patient was alive without known progression
of disease at the time of the last follow-up (May 10, 2023).
OS was calculated from the day of ICI treatment initiation
to death, and the outcome data was censored if a patient was
alive at the time of the last follow-up (May 10, 2023).

ORR was calculated as a percentage of patients with an
evaluated complete response (CR) or partial response (PR).
Real-world treatment efficacy was determined by physician
assessment according to Response Evaluation Criteria in

Solid Tumor 1.1 (RECIST 1.1) guidelines (39).

Statistical analysis

Descriptive statistics were presented as mean + standard
deviation and the absolute number with proportions
(percentage) for continuous and categorical variables,
respectively. If the data conformed to a normal distribution,
the two-tailed independent samples #-test was used to
compare the difference; otherwise, a nonparametric test
was used. Cox proportional hazard regression models
were used to obtain estimates of hazard ratios (HRs) and
95% confidence intervals (95% Cls) in univariate and
multivariable analyses. PFS and OS were estimated using
the Kaplan-Meier method and compared using the log-
rank test. All P values were two-sided, and P<0.05 was
determined as indicative of statistical significance. All
statistical analyses were performed using SPSS version 25.0
(IBM Corp., Armonk, NY, USA) and GraphPad Prism
version 8.0 (GraphPad Software).

© Translational Lung Cancer Research. All rights reserved.

Results
Patient characteristics

Between May 2015 and October 2022, 1,453 patients
with advanced NSCLC who received ICI monotherapy or
combined immunotherapy (anti-PD-1/PD-L1 inhibitor
with other drugs) in four medical centers were identified.
According to the inclusion and exclusion criteria, 216
patients with at least one oncogenic alteration (KRAS,
HER2, BRAF, MET, RET, ALK, or ROSI) were finally
included in our study (Figure I). The genes of 177 patients
were detected by next-generation sequencing (NGS)
and the rest 39 patients were via amplification refractory
mutation system polymerase chain reaction (ARMS-PCR).

The median age of patients was 60 (range, 37 to 83) years,
and 72.7% (157/216) were male. Among the total
population, 101 (46.8%) patients had a smoking history,
and 177 patients (81.9%) were diagnosed with lung
adenocarcinoma. The molecular alterations included were
KRAS (n=95), HER2 (n=42), BRAF (n=22), MET (n=21),
RET (n=14), ALK (n=14), and ROSI (n=8) (Figure 2A). At
the time of immunotherapy initiation, most patients had an
ECOG performance status (PS) of 0 or 1 (n=206, 95.4%).
Details of the patient characteristics by genetic alteration
are shown in 7able 1.

PD-L1 expression

PD-L1 expression was measured by the immunohistochemistry
(IHC) assay via 22C3. In patients with available PD-L1
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Table 1 Clinical characteristics of patients by each genetic alteration
Characteristic KRAS (N=95) HER2 (N=42) BRAF (N=22) MET (N=21) RET (N=14) ROS7 (N=8) ALK (N=14)
Age at diagnosis, years, 59[41-83]  58[37-77]  63[34-74]  66[46-83]  55[37-75]  51[41-71] 53 [28-80]
median [range]
Gender, n (%)
Male 82 (86.3) 22 (52.4) 17 (77.3) 17 (81.0) 8 (57.1) 3(37.5) 8 (57.1)
Female 13 (13.7) 20 (47.6) 5 (22.7) 4(19.0) 6 (42.9) 5 (62.5) 6 (42.9)
Smoking, n (%)
Never 40 (42.1) 29 (69.0) 12 (54.5) 9 (42.9) 9 (64.3) 7 (87.5) 9 (64.3)
Current/former 55 (57.9) 13 (31.0) 10 (45.5) 12 (57.1) 5(35.7) 1(12.5) 5(35.7)
ECOG, n (%)
0-1 90 (94.7) 42 (100.0) 22 (100.0) 18 (85.7) 14 (100.0) 8 (100.0) 12 (85.7)
>2 5 (5.3) 0 3(14.3) 0 0 2(14.3)
Histological type, n (%)
Adenocarcinoma 83 (87.4) 35 (83.3) 18 (81.8) 11 (52.4) 11 (78.6) 7 (87.5) 12 (85.7)
Squamous 9 (9.5) 6 (14.3) 4(18.2) 9 (42.9) 2(14.3) 1(12.5) 1(7.1)
Other 3(3.2) 1(2.4) 1(4.8) 1(7.1) 0 1(7.1)
Stage at diagnosis, n (%)
IVa 45 (47.4) 14 (33.3) 10 (45.5) 12 (57.1) 5 (35.7) 3(37.5) 8 (57.1)
IVb 50 (52.6) 28 (66.7) 12 (54.5) 9 (42.9) 9 (64.3) 5 (62.5) 6 (42.9)
Treatment line, n (%)
1 61 (64.2) 22 (52.4) 15 (68.2) 12 (57.1) 10 (71.4) 0 2 (14.3)
2 25 (26.3) 14 (33.3) 4(18.2) 5 (23.8) 3(21.4) 5 (62.5) 6 (42.9)
>3 9(9.5) 6 (14.3) 3(13.6) 4(19.0) 1(7.1) 3(37.5) 6 (42.9)
Immunotherapy, n (%)
Monotherapy 29 (30.5) 10 (23.8) 6 (27.3) 7 (33.3) 6 (42.9) 1 (12.5) 7 (50.0)
Combined therapy 66 (69.5) 32 (76.2) 16 (72.7) 14 (66.7) 8 (57.1) 7 (87.5) 7 (50.0)
Distant metastasis site, n (%)
Brain 23 (24.2) 11 (26.2) 6 (27.3) 7 (33.3) 4 (28.6) 2 (25.0) 5(35.7)
Liver 16 (16.8) 8(19.0) 3(13.6) 0 4 (28.6) 2 (25.0) 2(14.3)
Bone 39 (41.1) 23 (54.8) 11 (50.0) 7 (33.3) 6 (42.9) 6 (75.0) 4(28.6)

ECOG, Eastern Cooperative Oncology Group.

expression data (n=175), 41 (23.4%) patients were PD-L1
negative [tumor proportion score (I'PS) <1%], 71 (40.6%)
patients had low PD-L1 expression (TPS 1-49%), and 63
(36.0%) patients were strongly positive for PD-L1 (TPS
250%). According to different gene variants, 39.8% of
patients in the KRAS group, 30.0% in the HER2 group,
33.3% in the BRAF group, 45.0% in the MET group,

© Translational Lung Cancer Research. All rights reserved.

30.0% in the RET group, 33.3% in the ROSI group, and
25% in the in ALK group had a high expression of PD-L1
(TPS 250%) (Figure 2B).

Treatment characteristics

A total of 122 (56.5%) patients received immunotherapy
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Figure 2 Gene variation composition and PD-L1 expression of patients included in this study. (A) Different gene alteration subtypes (KRAS,
n=95; HER2, n=42; BRAF, n=22; MET, n=21; RET, n=14; ALK, n=14; ROS1, n=8). (B) The PD-L1 expression status of each gene group
classified as negative (TPS <1%), low (TPS 1-49%), or high (TPS >50%). PD-L1, programmed death ligand 1; TPS, tumor proportion
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Figure 3 Immunotherapy regimens by gene alteration subgroups
in the different treatment line settings. ICI, immune checkpoint
inhibitor.

in the first-line, with the KRAS group (n=61, 50.0%)
accounting for the vast majority, followed by the HER2
(n=22, 18.0%), BRAF (n=15, 12.3%), MET (n=12,
9.8%), RET (n=10, 8.2%), and ALK (n=2, 1.6%) groups.
Each gene cohort were mainly treated with ICI-based
combination therapy. The remaining 94 patients received
immunotherapy as a second-line therapy or beyond,
with the majority also being treated with ICI-based
combination therapy (Figure 3). Inmunotherapy based
combination regimens were distributed as follows: 125
patients received ICI with chemotherapy, 17 received ICI
with chemotherapy and antiangiogenic agents, 6 received
ICI with antiangiogenetic agents, and 2 received ICI with
tyrosine kinase inhibitors (TKIs).

© Translational Lung Cancer Research. All rights reserved.

The overwhelming majority (n=206, 95.4%) of
patients received anti-PD-1 inhibitors (nivolumab n=21,
pembrolizumab n=83, sintilimab n=56, camrelizumab n=27,
tislelizumab n=19), and only 10 patients received anti-PD-
Ll-antibodies (durvalumab n=7, atezolizumab n=3).

Clinical outcomes

Total population
As of the data cut off on May 10, 2023, the median follow-up
was 29.8 months (95% CI: 27.3-32.3), 185 patients (85.6%)
had disease progression, and 130 patients (60.2%) died.
Among the total population, the ORR was 34.7% and the
disease control rate (DCR) was 75.5%. The median PFS and
median OS in the overall population was 6.0 months (95% CI:
5.2-6.9) and 21.3 months (95% CI: 20.0-22.6), respectively.
The median PFS and OS of the total population treated
with first-line immunotherapy were 7.5 months (95% CI:
6.5-8.6) and 24.8 months (95% CI: 22.5-27.0), respectively.
In the second-line and beyond, the median PFS and OS of
immunotherapy were 4.7 months (95% CI: 3.9-5.6) and
17.1 months (95% CI: 14.9-19.3), respectively (Figure 4).
When further analyzing whether ICI alone or is
combined with chemotherapy, the results showed that in the
first-line treatment setting, the median PFS and OS of ICI
monotherapy were 4.9 months (95% CI: 2.9-6.9) and 20.9
months (95% CI: 16.2-25.6), and the median PFS and OS of
ICI plus chemotherapy were 7.8 months (95% CI: 6.8-8.8)
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and 25.8 months (95% CI: 21.3-30.3) (Figure 5).

In the second-line and above treatment setting, the
median PFS and OS of ICI monotherapy were 2.1 months
(95% CI: 1.7-2.3) and 14.5 months (95% CI: 11.9-17.1),
and the median PFS and OS of ICI plus chemotherapy were
6.0 months (95% CI: 5.1-7.0) and 19.3 months (95% CI:
16.6-21.9) (Figure 6).

© Translational Lung Cancer Research. All rights reserved.

Gene alteration subgroup analysis

KRAS mutation

KRAS mutations were detected in 95 patients, with G12C
(35.8%) being the most frequent type, followed by G12D
(13.7%) and G12A (8.4%); details on other mutation
types are displayed in Figure 24. A total of 61 (64.2%)
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patients received immunotherapy in the first-line, with
20 (32.8%) patients receiving ICI monotherapy and 41
(67.2%) patients receiving ICI plus chemotherapy with
or without antiangiogenic drugs. The median PFS and
OS of patients with the KRAS mutation treated with first-
line immunotherapy were 7.8 months (95% CI: 6.9-8.7)
and 26.1 months (95% CI: 22.0-30.3), respectively. The
remaining 34 (35.8%) patients received ICI monotherapy or
combined therapy in the second-line and beyond, achieving
a median PFS and OS of 5.9 months (95% CI: 4.0-7.7) and
17.1 months (95% CI: 14.9-19.3), respectively.

We examined the impact of clinical and treatment
characteristics of age, ECOG score, gender, PD-L1
expression, number of treatment lines, treatment regimen,
mutation type, and smoking status on PFS or OS. The
results of the multivariate Cox analysis showed that a good
ECOG (0-1), PD-L1 positive expression (TPS =21%),
ICI-based combined therapy, and KRAS G12C mutation
subtype were independent positive predictors of PFS
(Table S1). Moreover, a better OS was correlated with good
ECOG PS (0-1), PD-L1-positive expression (ITPS 21%),
and the KRAS G12C mutation (Table S2).

HER? alteration

A total of 42 patients with HER? alteration were included,
31 of whom had the exon 20 insertion (20Ins) and 11 of
whom had gene amplification. Nine of the patients had PD-
L1 250% and 21 patients had PD-L.1 <50%. PES correlated
with a high expression of PD-L1 [21.8 months (five of
nine patients had disease progression) for PD-L1 250% uvs.
5.1 months for PD-L1 <50%; P=0.006] and the treatment
line of immunotherapy (7.6 months for the first-line vs.
4.9 months for the second-line and beyond; P=0.03). OS
correlated with treatment line of immunotherapy (24.7 vs.
17.4 months; P=0.02) (‘Table S3).

As for those with 20Ins, 16 received immunotherapy in
the first-line, 2 of whom received ICI monotherapy, with the
other 14 patients being treated with ICI plus chemotherapy.
Patients with 20Ins treated with ICI plus chemotherapy
in the first-line had a median PFS of 7.6 months (95%
CI: 2.3-12.9) and a median OS of 22.1 months (95% CI:
19.5-24.7). The other 15 patients with 20Ins received
immunotherapy in the second-line and experienced a median
PES of 5.0 (95% CI: 0.3-9.6) months and a median OS of
17.4 months (95% CI: 12.5-22.3). Before immunotherapy,
8 patients received TKI therapy with afatinib. Patients who
did not receive afatinib before immunotherapy had a median

PES of 5.9 months (95% CI: 3.5-8.4) and a median OS of
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17.4 months (95% CI: 14.8-20.0), while the patients treated
with immunotherapy after progression on afatinib obtained
a median PFS of 2.3 months (95% CI: 0.5-4.0) and a
median OS of 19.1 months (95% CI: 11.4-26.8).

In the gene amplification cohort, there was no TKI
treatment before immunotherapy, 6 patients received
immunotherapy in the first-line, and 5 patients received
immunotherapy in the second-line and beyond. The
median PFS and OS was 5.1 months (95% CI: 2.5-7.7) and
24.7 months (95% CI: 7.0-42.5) in the first-line,
respectively, and the median PFS and OS was 4.9 months
(95% CI: 0-20.3) and 11.7 months (95% CI: 10.8-12.7) in
the second-line and beyond, respectively.

BRAF alteration

BRAF molecular alterations were found in 22 patients, 8
of whom had the BRAF V600E mutation and 14 of whom
harbored the non-V600E mutation, including 1 with BRAF-
SND1 fusion, 2 with BRAF K601E mutation, 2 with BRAF
D594N mutation, 1 with BRAF G464} mutation, and 8
with non-V600 mutation (the details for these patients are
not available). The PFS and OS did not correlate with gene
subtype, smoking, age, PD-L1 expression (cutoff of 1% or
50%), age, gender, or the treatment line of immunotherapy
(Table S4).

Five patients harboring the BRAF V600E mutation
received immunotherapy in the first line setting with
a median PFS of 3.9 months (95% CI: 3.4-4.3) and an
ORR of 40% (2/5). Two patients received immunotherapy
after the progression on dabrafenib and trametinib
treatment: the patient who received ICI monotherapy
had a PFS of 1.1 months, and the patient who received
chemoimmunotherapy had a PFS of 5.2 months.

Patients with BRAF non-V600E mutation received
immunotherapy in the first line (n=10) and had a median
PES of 7.7 months (95% CI: 1.7-13.7) and a median OS of
23.7 months (95% CI: 18.8-28.6).

MET alteration

Of patients with MET alteration, 12 patients with copy
number gains and 9 patients had exon 14 skipping mutation.
PD-L1 positivity was significantly correlated with a longer
OS (21.6 months for PD-L.1 21% vs. 12.1 months for PD-
L1 <1%; P=0.004) (Table S5).

Four patients with MET exon 14 skipping mutation
received immunotherapy in the first-line and achieved a
median PFS of 6.0 months (95% CI: 2.0-9.9) and an ORR
of 25%. A total of four patients received immunotherapy
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in the second-line and beyond, 2 of whom received
crizotinib before immunotherapy; patients who received
immunotherapy in the second-line or later-lines had a
median PFS of 2.4 months (95% CI: 0.1-4.7) and a median
OS of 17.5 months (95% CI: 13.8-21.2).

Patients with MET gene amplification in our study
were primary MET amplification rather than acquired
MET amplification secondary to other driver gene
alterations. Four of these patients received TKI therapy
before immunotherapy: three with crizotinib and one with
savolitinib. Eight patients with MET amplification received
immunotherapy in the first-line and experienced a median
PFS of 7.5 months (95% CI: 0.2-14.8) and an ORR of 50%.
The remaining five patients who received immunotherapy
in the second-line and beyond achieved a median PFS of
5.3 months (95% CI: 1.7-9.0) and an ORR of 20%.

ALK, ROS1, and RET rearrangement

ALK, ROS1, and RET were analyzed together due to the
limited sample size for each group. A longer PFS and OS
was more associated with ICI-based combination therapy
vs. monotherapy (median PFS: 4.1 vs. 2.0 months, P=0.01;
median OS: 23.7 vs. 12.4 months, P=0.01) (Table S6).

A total of 4 patients had fusion with EML4 using NGS,
and the remaining 10 patients were identified as ALK
positive via IHC. In the first-line immunotherapy setting,
one patient received ICI monotherapy and another patient
received ICI plus chemotherapy and antiangiogenic drugs,
experiencing a poor PES of 1.8 and 2.8 months, respectively.
The other 12 patents with ALK fusion received ALK-TKIs
before immunotherapy, 5 of whom received a single ICI
agent and had a median PFS of 2.0 months (95% CI: 1.8-2.2)
and a median OS of 13.3 months (95% CI: 11.4-15.2). The
other seven patients received ICI-based combination therapy
and had a median PFS of 3.9 months (95% CI: 1.2-6.7) and
a median OS of 24.0 months (95% CI: 5.5-42.5).

In the ROSI group, one patient had fusion with
SCAF8 and another had fusion with CD74, but the fusion
partner of remaining six patients was unknown. One
patient received ICI monotherapy after progression on
crizotinib plus chemotherapy and had a PES of only of
0.7 months and an OS of 9.2 months. The other seven
patients received ICI-based combination therapy (ICI
plus chemotherapy with or without antiangiogenic drugs)
after progressing on crizotinib, achieving a median PFS of
5.6 months (95% CI: 3.1-8.2), but the median OS could not
be evaluated.

As for the RET group, three patients had CCDC6-RET
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fusion, and three patients had KIFSB-RET fusion, but
the fusion partner was unknown for the remaining eight
patients. Ten patients received immunotherapy in the first-
line and had a median PFS of 3.9 months (95% CI: 3.0-4.9)
and a median OS of 22.2 months (95% CI: 8.2-36.3). Four
patients received immunotherapy in the second-line and
beyond, and the median PFS and OS of the posterior line
were 2.2 months (95% CI: 1.7-2.6) and 14.5 months (95%
CI: 0-29.2), respectively.

Safety

All grades of treatment-related adverse events (TRAEs)
occurred in 39.4% (85/216) of patients. Leukopenia, rash,
granulocytopenia, increased aspartate transaminase and
alanine aminotransferase, and pneumonitis were the most
common adverse events (AEs). Grade 3 AEs were observed
in 6.9% (15/216) of patients, with the leukopenia (33.3%,
4/12) being the most common event. No unexpected AEs
or AE-related deaths occurred. Three patients (1.4%,
3/216) discontinued treatment due to a grade 3 cutaneous
hemangioma after four cycles of ICI plus chemotherapy
(paclitaxel and carboplatin) (Table 2).

Two patients (HER2 20Ins and BRAF V600E) received
anti-PD-1 inhibitor combined with TKI after progression on
the previous chemotherapy in our study, and these patients
did not experience any TKI or ICI-related AEs. Moreover,
a total of 14 patients received TKIs after progression on ICI
treatment, and no grade 3 or higher AEs were observed.

Discussion

This retrospective, multicenter study demonstrates the
effectiveness of ICI treatment for patients with advanced
NSCLC harboring KRAS, HER2, MET, BRAF, ALK, ROS1,
and RET alterations. We demonstrated that in the front-
line and subsequent-line setting, patients’ response to ICI
treatment varies based on the specific gene alteration.

In our study, patients received ICI therapy mainly as
first-line to third line and beyond treatment. The objective
response rate of the whole cohort was 35.0%, the median
PFS and OS were 6.0 and 21.3 months, respectively. These
survival outcomes were better than certain retrospective
studies of immunotherapy in oncogene-driven NSCLC
cohorts (32,33) and the results of immunotherapy in the
unselected NSCLC population in the second-line (ORR
15-20%, median PFS 2.3-4 months) (40,41). The potential

reasons for the superior survival outcomes in our study may
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Table 2 Treatment-related adverse events that occurred during immunotherapy

AEs Grade 1, n (%) Grade 2, n (%) Grade 3, n (%) Grade 4 Grade 5
Fatigue 1(0.5) - - - -
Rash 4(1.9) 4(1.9 1(0.5) - -
Vomit 3(1.4) - - - -
Diarrhea 1(0.5) - - - -
Anemia - 2(0.9) - - -
Granulocytopenia 2(0.9) 4(1.9) 3(1.4) - -
Thrombocytopenia - 1(0.5) 2 (0.9) - -
Hypothyroidism 5(2.3) 2(0.9) - - -
Hyperthyroidism 1(0.5) - - - -
Increased AST/ALT 7 (3.2 2(0.9) 1(0.5) - -
Increased creatinine 3(1.4) 1(0.5) - - -
Pneumonitis 1(0.5) 94.2) 3(1.4) - -
Encephalitis - 1(0.5) - - -
Ostealgia 1(0.5) - - - -
Pyrexia - 1(0.5) - - -
Nausea 3(1.4) - - - -
Leukopenia 4(1.9) 4(1.9) 4(1.9) - -
Hematochezia 1(0.5) - - - -
Cutaneous hemangioma 2(0.9) 2(0.9) 1(0.5) - -
Myocarditis 1(0.5) - - - -

AE, adverse event; AST, aspartate transaminase; ALT, alanine aminotransferase.

be attributed to substantial proportion of patients (95.3%)
with a good ECOG PS (0 or 1) and the prevalent use of
combination ICI therapy in the majority of patients (69.2%).
The co-occurring mutations may affect the efficacy (41),
but further analysis was not conducted due to limited data.
Our findings suggest that certain subsets of NSCLC with
driver gene alterations can still benefit from ICI treatment,
and thus identifying these specific subsets and the ideal
treatment regimens is clinically important. The KRAS
mutation cohort in our study obtained a median PFS of
7.3 months and an OS of 22.3 months. KRAS mutation is
known to be a poor prognostic factor (42), development
of targeted therapies has been challenging for this subset
of NSCLC for years, but there are now approved targeted
inhibitors in the second-line and beyond therapy only for
KRAS G12C mutation (43). The majority of patients with
KRAS mutation in our study received immunotherapy in
the first and second-line, and more than half received a
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combination therapy of ICI, with chemotherapy being the
most common combination. ICI-based combination therapy
demonstrated superior PFS compared to ICI monotherapy
among KRAS-mutant patients regardless of treatment lines.
The PFS benefits have not been significantly transformed
into OS benefits may be caused by the small sample size.
Furthermore, the KRAS G12C mutation type was found
to be significantly associated with a better PFS and OS of
immunotherapy. The KRAS G12C group obtained an ORR
of 52.9% and a median PFS of 9.4 months, and the median
OS was not reached.

PD-L1 expression is a widely used predictive indicator
for non-oncogene addicted NSCLC treated with anti-
PD-1/PD-L1 inhibitors (44). KRAS-mutant NSCLC has
been demonstrated to have an inflammatory phenotype
with high PD-L1 expression in prior studies (10-14), but
no significant expression advantages in PD-L1 among
KRAS mutation over other gene variants in our study were
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observed. We analyzed patients who have PD-L1 expression
data. In our study, PD-L1 positivity was predictive of
immunotherapy response either PFS or OS benefit for
patients with KRAS mutation, and the patients with PD-L1
>1% had a median PFS of 8.2 months and a median OS of
28.2 months. However, in subset analysis of other genetic
alterations, PD-L1 positivity did not correlate with survival
benefit except for MET alteration group where PD-L1 21%
was associated with a favorable OS. For the HER2 group,
high PD-L1 expression (=50%) correlated with better PFS
only. No statistical significance was found between PD-L1
expression (21% or 250%) and survival benefit in BRAF
group and ALK, ROS1, RET group. These findings indicate
that screening beneficiaries solely based on the PD-L1
expression status in these population may be less than ideal
in clinic. In addition, there was no correlation between
smoking exposure, gender, or age with ICI treatment
benefit in any gene group in our study. This suggests that
other factors such as co-occurring mutations or TMB may
impact clinical outcomes from immune checkpoint blockade
therapy. However, due to the limited information, this
could not be investigated in this study.

Some patients with HER2, BRAF, and MET alterations
or RET and ALK rearrangement received immunotherapy
in the first-line. For patients with MET exon 14 skipping,
BRAF V600E, and RET rearrangement, the median PFS
of first-line immunotherapy ranged from 3.5 to 6 months
while the ORR ranged from 20% to 40%, which is lower
compared to previously reported TKI therapy data (45-47).
There was negative genetic result of lung biopsy sample in
two ALK fusion-positive patients, prompting the initiation
of ICI treatment before TKI therapy: one patient with a
PD-L1 expression of 80% received PD-1 monotherapy
and achieved a PFS of 1.8 months; the other with unknown
PD-L1 expression received chemoimmunotherapy plus
antiangiogenic agent and achieved a PFS of 2.8 months.
This poor response suggests that targeted therapies should
be considered in the first-line for these patients with the
MET exon 14 skipping mutation, BRAF V600E alteration,
or ALK arrangement as opposed to immunotherapy.
However, for later lines, ICI-based therapy may provide
benefit for these patients.

In terms of treatment safety, the overall AE rate in our
study was 39.4%, with a 5.6% grade 3 AE rate. No new or
unexpected or AE-associated deaths were observed. A high
incidence of AEs has been reported with ICI administered
sequentially or concurrently with TKI inhibitors in EGFR-
mutant, ALK-rearranged, or KRAS G12C-mutant NSCLC
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(48-53). A total of 14 patients received TKI after the
progression of ICI treatment, and no grade 3 or higher AEs
were observed, which may be related to the time interval
between the patients receiving two treatments being greater
than 30 days thus weakening the impact of ICI on subsequent
TKI treatment. Two patients (HER2 20Ins and BRAF
V600E) received anti-PD-1 inhibitor combined with TKI
after progression on previous chemotherapy in our study, and
no TRAEs were observed. Due to the small size of our study
sample, these issues may require further investigation.

The study has several limitations. First, the sample
size of the different gene alteration subsets is small. The
heterogeneous nature of the patient population, with varied
immunotherapy-based regimens and diverse treatment lines,
should be acknowledged while interpreting the results.
MET and HER? alteration subgroups also included gene
amplification in addition to actionable mutations. However,
this needs to be acknowledged while interpreting results
since mutations and gene amplifications in these cohorts
have different therapeutic implications. Additionally, data
for PD-L1 expression, TMB, and co-occurring mutations
were unavailable for all patients. Finally, the generalizability
of our findings is limited by the fact that this retrospective
study only assessed data from patients across four medical
centers in Sichuan Province. Therefore, it must be
acknowledged that the results of our study need to be
interpreted with caution because of the limitations. More
prospective studies are still needed in the future.

Conclusions

In conclusion, this multicenter retrospective study
demonstrated that immunotherapy for NSCLC patients with
oncogenic driver alterations is tolerable. The effectiveness of
immunotherapy varies on the oncogenic driver, and need for
expanding studies. An association between PD-L1 expression
level and the responses to ICIs was not consistently observed
across different driver alterations in our study. For NSCLC
with KRAS, ICIs may be recommended both for treatment-
naive or pretreated patients. However, for NSCLC patients
with ALK, ROS]I rearrangement, BRAF V600E, and MET-
14 skipping, targeted therapies should be considered prior
to immunotherapy.
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