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Background: Due to less sensitivity to classic tyrosine kinase inhibitors, effective first-line treatment is
limited in non-small cell lung cancer (NSCLC) patients with epidermal growth factor receptor (EGFR)
or human epidermal growth factor receptor 2 (HER2) exon 20 insertion (ex20ins) mutations. Meanwhile,
the impact of driver genes on the efficacy of PD-1 inhibitors is discrepant. Our study aimed to assess the
clinical response to immunotherapy in NSCLC patients with EGFR or HER?2 ex20ins mutations. In parallel,
patients treated with chemotherapy but without immunotherapy were included as controls.

Methods: We retrospectively reviewed patients harboring ex20ins mutations treated with immune
checkpoint inhibitors (ICIs) and/or chemotherapy in the real world. The clinical response was assessed by
progression-free survival (PFS) and the objective response rate (ORR). Propensity score matching (PSM)
was performed to control for confounding factors between immunotherapy and chemotherapy.

Results: Of 72 patients enrolled, 38 had been treated with one line of single-agent immunotherapy or
combined therapy including immunotherapy, and 34 had received conventional chemotherapy without
immunotherapy. Among patients treated with immunotherapy, the median PFS was 10.7 months [95%
confidence interval (CI): 8.2-13.2 months] in the first-line setting, with an ORR of 50% (8/16). The median
PFS was significantly longer in the first-line immunotherapy group than in the chemotherapy group (10.7 vs.
4.6 months, P<0.001). A trend of an increased ORR in patients who received ICIs was observed compared
with chemotherapy, but there was no statistical difference (50% vs. 21.9%, P=0.096). After PSM, the median
PFES with first-line immunotherapy was still longer than that with chemotherapy (10.7 vs. 4.6 months,
P=0.028). Grade 3—4 adverse events (AEs) were observed in 13.2% (5/38) of patients, with the majority
developing granulocytopenia (40%, 2/5). One patient discontinued treatment due to a grade 3 rash after
three cycles of ICI plus anlotinib treatment.

Conclusions: The results showed that immunotherapy combined with chemotherapy may play a role
in the first-line treatment of NSCLC patients with ex20ins mutations. This finding requires further
investigation for application.
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Introduction

Epidermal growth factor receptor (EGFR), also known as
epidermal growth factor receptor-1 (ERBB-1) or human
epidermal growth factor receptor-1 (HER-1), is the
most common driver gene for non-small cell lung cancer
(NSCLC). EGFR exon 20 insertion (ex20ins) is a relatively
uncommon EGFR mutation, accounting for 2-10% of
all EGFR-mutant NSCLC patients (1,2). Compared with
patients with exon 19 deletion and exon 21 L858R, patients
with ex20ins are reported to be resistant to classic EGFR
tyrosine kinase inhibitors (TKIs), with a median PFS of less
than three months (3,4). Human epidermal growth factor
receptor 2 (HER?2), as well as EGFR, belong to the ERBB
tyrosine kinase receptor family. HER2-ex20ins is the most
common mutation in HER2-mutated NSCLC patients,
comprising about 2% of all NSCLC patients (5).

Amivantamab and mobocertinib have been approved
by the U.S. Food and Drug Administration (FDA) for
previously treated NSCLC patients with EGFR ex20ins
(6,7). For patients with HER2 ex20ins, enhertu was also
approved for later line setting (8). However, the accessibility
and affordability of these novel target drugs are poor in most
developing countries. And conventional therapy remains
the preferred choice. Moreover, these novel TKIs were only
approved for use in later-line treatment. As in the first-line
setting, chemotherapy with or without bevacizumab is still
the gold standard for patients with ex20ins mutations.

In the era of immunotherapy for NSCLC, the impact
of driver genes on the efficacy of PD-1 inhibitors has been
discrepant. The EGFR 19Del or L858R mutation was
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found to be negatively correlated with immunotherapy
outcomes (9,10), whereas NSCLC patients with KRAS
mutations showed benefit from immunotherapy alone or
immunotherapy plus chemotherapy compared with KRAS
wild-type (11,12). However, among patients with EGFR
or HER2 ex20ins mutations, the use of PD-1 inhibitors
in first-line treatment has been poorly reported, and their
efficacy remains uncertain. Therefore, we conducted this
retrospective study to assess the effectiveness of PD-1
inhibitors in the real world.

Although first-line chemotherapy with or without
bevacizumab is still the gold standard treatment for
NSCLC patients with ex20ins mutations, but whether these
patients could benefit more from immunotherapy than
chemotherapy remains uncertain. Therefore, we report the
clinical characteristics and outcomes for NSCLC patients
with EGFR ex20ins or HER2 ex20ins mutations who
received ICI treatment or chemotherapy in our institution.
A further assessment of the comparative efficacy between
ICI treatment and chemotherapy was also performed.
We present the following article in accordance with the
STROBE reporting checklist (available at https://tlcr.
amegroups.com/article/view/10.21037/tlcr-23-167/rc).

Methods
Study design and patients

This single-center analysis was conducted at the West
China Hospital and included 72 patients admitted between
January 2015 and December 2021. Informed consent of
patients was exempt because of the retrospective nature of
this study. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study was
approved by the Biomedical Research Ethics Committee of
the West China Hospital [No. 2020(637)]. Eligible patients
were >18 years of age, had stage IV NSCLC (according
to the staging criteria of the American Joint Committee
on Cancer, 7th edition), and measurable disease according
to the Response Evaluation Criteria in Solid Tumors
(RECIST), version 1.1 (13). Patients with known EGFR
ex20ins or HER2 ex20ins treated with immunotherapy or
chemotherapy as anti-tumor treatment in any line setting
were included. Patients with ALK translocations or other
gene mutation types were excluded. The major objective of
this study was to determine the efficiency of ICI treatment
in advanced NSCLC patients with ex20ins mutation.
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Clinical review

We performed a retrospective review of the clinical history
of all eligible patients and designed a tabular questionnaire
to collect the clinical data, which included basic patient
information, therapeutic medications, presence of disease
progression, reports of pathology and genetic testing,
associated adverse events (AEs) or toxicity, and follow-up
endpoints.

Molecular testing

Biopsy specimens were either from lung tumors or
peripheral blood. The EGFR mutation was identified by
the amplification refractory mutation system (ARMS) or
next-generation sequencing (NGS). The HER2 mutation
was identified by NGS. PD-L1 expression was evaluated by
immunohistochemistry analysis.

Assessment of endpoint

Overall response rate (ORR) was defined as the proportion
of patients with a complete or partial response (PR) at any
point as assessed by the RECIST v1.1 criteria. Toxicities
were assessed using the National Cancer Institute grading
system.

Progression-free survival (PFS) was calculated from the
date of first dose to first documented disease progression
per RECIST vl1.1 or death as a result of any cause,
whichever occurred first. If the patient did not develop
disease progression, censoring occurred on the date of the
last follow-up.

Statistical analysis

All patients were included in the statistical calculations, and
all cases were followed up and censored on 15 August 2022.
The Kaplan-Meier method was used to calculate the curves
for PFS. The unstratified Cox hazards model was used
to calculate hazard ratios (HR) and confidence intervals
for PFS in the subgroup analysis. Data were considered
statistically significant from P<0.05. All statistical analyses
were performed using SPSS and GraphPad Prism software.

To control for confounding factors between the ICI and
chemotherapy groups, propensity score matching (PSM)
was used to compare the efficacy of immunotherapy versus
chemotherapy. The patients were matched 1:1 using the
nearest-neighbor algorithm.

© Translational Lung Cancer Research. All rights reserved.
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Results
Ex20ins incidence in our institution

Between January 2015 and December 2021, 5,235 patients
showed positive EGFR results in the ARMS test. A total of
108 (2.1%) had ex20ins. In addition, 705 patients showed
positive EGFR results in the NGS test, 37 (5.2%) with
HER2 ex20ins and 28 (4.0%) with EGFR ex20ins. A total
of 136 patients with EGFR ex20ins and 37 patients with
HER?2 ex20ins were identified in our center.

Characteristics of the population

Among all patients harboring ex20ins, we identified
72 patients with a HER2 ex20ins mutation or EGFR
ex20ins mutation who received immunotherapy and/
or chemotherapy. Most patients had EGFR ex20ins
(59.7%, 43/72), were female (55.6%, 40/72), had lung
adenocarcinoma (93.0%, 67/72), and were never-smokers
(69.4%, 50/72), with a median age of 59 years (range,
35-77 years). In total, 38 (52.8%) patients had been treated
with one line of single-agent immunotherapy or combined
therapy, including immunotherapy, throughout the whole
course of treatment. The ICIs included pembrolizumab,
nivolumab, camrelizumab, and sintilimab. The remaining
34 (47.2%) patients had received chemotherapy with or
without antiangiogenic therapy, but patients once treated
with immunotherapy were excluded. All patients had
advanced NSCLC. The clinical characteristics of the
patients are shown in Tuble 1.

Iimmunotberapy outcomes

Among the 38 patients, as listed in Table 2, 16 (42%) received
IClIs in the first line, 11 (29%) in the second line, and 11
(29%) in the third line or later treatment. Except for 5
patients, all patients had evaluable PD-L1 expression, and 18
(47.4%) had a positive PD-L1 expression. To enhance the
response rate, combined treatment included radiotherapy,
chemotherapy, and anti-angiogenesis therapy. Nine (24%)
patients received immunotherapy alone, and the remaining
29 (76%) patients received immunotherapy in combination
with other treatments described above. Among all patients,
PRs were seen in 9 patients harboring HER2 ex20ins and 5
harboring EGFR ex20ins, with an ORR of 36.8% (14/38).
The median OS of all 38 patients was 41.4 months
(95% CI: 24.2-58.7 months). In the first-line setting, most
patients had HER2 ex20ins (11/16). Among them, 11
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Table 1 Clinicopathologic characteristics of the 72 exon 20

insertion patients

Zhang et al. Immunotherapy for NSCLC with EGFR or HER2 ex20ins mutations

Characteristics Number (%)
Gender

Male 32 (44.4)

Female 40 (55.6)
Age (years), median [range] 59 [35-77]
Smoking

Former/ever smoker 22 (30.6)

Never-smoker 50 (69.4)
Histology

Adenocarcinoma 67 (93.0)

Adenosquamous 1(1.4)

Squamous cell carcinoma 4 (5.6)
Mutation type

EGFR ex20ins 43 (59.7)

HER2 ex20ins 29 (40.3)
PS score

0-1 69 (95.8)

>2 3(4.2)
PD-L1 expression

>50% 10 (13.9)

1-50% 16 (22.2)

<1% 32 (44.4)

Unknown 14 (19.4)
Immunotherapy

Yes 38 (52.8)

Immunotherapy alone 9 (23.7)

Immunotherapy combine chemotherapy 29 (76.3)

No 34 (47.2)
Brain metastasis 24 (33.3)
Liver metastasis 10 (13.9)

EGFR, epidermal growth factor receptor; HER2, human
epidermal growth factor receptor 2; PS, Performance Status;

PD-L1, programmed cell death-ligand 1.
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(68.8%) received ICI plus chemotherapy, 1 (6.3%) received
ICI plus chemotherapy and radiotherapy, and 4 (25.0%)
received a single agent. There were 5 patients harboring
HER2 ex20ins and 3 harboring EGFR ex20ins who
achieved PR in this line, with an ORR of 50% (8/16). The
median PFS of first-line ICI treatment was 10.7 months
(95% CI: 8.2-13.2 months). Among the 11 (68.8%) patients
treated with second-line ICIs, 7 (63.6%) received ICI plus
chemotherapy, 1 (9.1%) received ICI plus chemotherapy
and radiotherapy, 1 (9.1%) had ICI plus radiotherapy, 1
(9.1%) had ICI plus chemotherapy and endostar, and the
remaining patient (9.1%) had a single agent. The median
PFS of second-line ICI treatment was 3.4 months (95%
CI: 2.1-4.7 months), while the ORR was 45.5% (5/11).
Of the 11 (29%) patients who received ICIs in third-line
or later settings, 4 received a single agent, 4 had ICI plus
chemotherapy, 1 received ICI plus anlotinib, 1 had ICI plus
radiotherapy, and 1 received ICI plus chemotherapy and
radiotherapy. The median PFS observed in this line was
2.1 months (95% CI: 1.0-3.2 months). Only 1 (9.1%)
patient achieved PR in the third line or later setting. There
was no significant difference in median PFS between
9 patients treated with immunotherapy alone and 29
patients treated with immunotherapy combined with other
treatments (3.1 vs. 7.3, P=0.344).

Chemotherapy outcomes

Next, we analyzed the chemotherapy outcomes for
34 patients. The median OS of all 34 patients was
37.4 months (95% CI: 19.2-55.6 months). Patients
who had received immunotherapy were excluded from
the analysis. Most patients had first-line pemetrexed-
based chemotherapy (n=23), and 7 received first-line
paclitaxel-based chemotherapy. Six patients received
additional antiangiogenic therapy, including bevacizumab
(n=4), endostar (n=1), and anlotinib (n=1). The ORR
and the median PFS for patients receiving first-line
chemotherapy were 21.9% (7/32) and 4.6 months (95% CIL:
3.6-5.6 months), respectively (n=32). In the second-line
setting, of the 12 patients who received chemotherapy, 7
received second-line docetaxel-based chemotherapy, and 4

Transl Lung Cancer Res 2023;12(4):797-807 | https://dx.doi.org/10.21037/tler-23-167



Translational Lung Cancer Research, Vol 12, No 4 April 2023

Table 2 Patient responses to immunotherapy
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Immunotherapy (n=38)

Efficacy results
First line (n=16, 42%)

Second line (n=11, 29%) Third or later lines (n=11, 29%)

Best response, n (%)

Partial response 8 (50.0)
Stable disease 8 (50.0)
Progression 0 (0.0
Overall response rate, % 50.0%

PFS (months), median (95% CI) 10.7 (8.2-13.2)

OS (months), median (95% CI) Not reached

5 (45.4) 1(9.1)

2(18.2) 4 (36.4)

4 (36.4) 6 (54.5)

45.5% 9.1%
3.4 (2.1-4.7) 2.1(1.0-3.2)

Not reached Not reached

PFS, progression-free survival; OS, overall survival; Cl, confidence interval.

Immunotherapy Chemotherapy
n=16 n=32

Median PFS, mo

100 = (8% Clj | 107 (82-132) 4.6(36-56)
P value <0.001
80
< 60
) Immunotherapy
& 40
201 Chemotherapy
—+—r—---t—
0 5 10 15 20
Months

Figure 1 Progression-free survival. First-line PFS for the total
immunotherapy and chemotherapy cohorts. PFS, progression-free

survival; mo, months.

received pemetrexed-based chemotherapy. The ORR was
8.3% (1/12), and the median PFS was 5.0 months (95%
CI: 2.6-7.4 months). For the 4 patients who received third-
line chemotherapy, the median PFS was 3.0 months (95%
CI: 0.0-6.3 months), and none of them achieved a partial or
complete response in this line.

Immunotberapy versus chemotherapy outcomes

Due to the promising results derived from first-line ICI
treatment, we directly compared the efficacy between ICI
treatment and chemotherapy. There was no significant
difference in median OS between immunotherapy and
chemotherapy (41.4 vs. 37.4, P=0.957). Except for mutation
type, no significant differences were found in baseline
clinical characteristics between the immunotherapy and

© Translational Lung Cancer Research. All rights reserved.

chemotherapy groups in the first-line setting before PSM.
The 10.7 months (95% CI: 8.2-13.2 months) median PFS
in the immunotherapy group was significantly longer than
4.6 months (95% CI: 3.6-5.6 months) in the chemotherapy
group (P<0.001). There were only 4 patients who received
single-agent immunotherapy in the first-line treatment.
We found a trend for a better median PFS in single-agent
immunotherapy compared with chemotherapy, but without
significance (10.0 vs. 4.6, P=0.068). The median PFS with
immunotherapy plus chemotherapy was significantly longer
than with chemotherapy (10.7 vs. 4.6, P<0.001) (Figure I).
There was a trend for an increased ORR in patients who
received ICIs compared with chemotherapy, but there was
no statistical difference (50% vs. 21.9%, P=0.096). The
PSM cohort included 20 patients for further analysis. After
PSM, the clinicopathological features (age, gender, mutation
type, PS score, PD-L1 expression, brain metastasis, and
liver metastasis) of patients between the two groups were
well matched (Table 3). The clinical characteristics of
the patients before and after PSM are shown in Table 3.
Consistent with previous results, the 10.7 months (95% CIL:
9.1-12.3 months) median PFS with immunotherapy
was significantly longer than 4.6 months (95% CI:
1.8-7.5 months) with chemotherapy in the PSM cohort
(P=0.028) (Figure 2). The ORR of immunotherapy was
close to that of chemotherapy (50% vs. 40%, P=1.000).

In the second line setting, there were no clinically
significant abnormalities in baseline characteristics. A
trend of increased ORR in patients who received ICIs was
observed compared with chemotherapy, but there was
no statistical difference (36.4% vs. 8.3%, P=0.155). The
3.4 months (95% CI: 2.1-4.7 months) median PFS
observed in the immunotherapy group did not differ
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Table 3 Comparison of characteristics before and after PSM between the two groups

Before PSM After PSM
Feature Immunotherapy ~ Chemotherapy p Immunotherapy Chemotherapy p
(n=16) (n=32) (n=10) (n=10)
Gender, n (%) 0.131 1.000
Male 10 (62.5) 12 (37.5) 5 (50.0) 4 (40.0)
Female 6 (37.5) 20 (62.5) 5 (50.0) 6 (60.0)
Median age, years [range] 61 [35-77] 60.5 [44-75] 0.991 62 [35-77] 57.5[47-70] 0.766
Smoking, n (%) 0.110 0.650
Former/ever smoker 8 (60.0) 8 (22.6) 5 (50.0) 3 (30.0)
Mutation type, n (%) 0.005 1.000
EGFR ex20ins 5(31.2) 24 (75.0) 3(30.0) 3(30.0)
HER2 ex20ins 11 (68.8) 8(25.0) 7 (70.0) 7 (70.0)
PS score, n (%) 1.000 1.000
0-1 15 (93.8) 31 (96.9) 10 (100.0) 10 (100.0)
=2 1(6.3) 1(3.1) 0 (0.0 0(0.0)
PD-L1 expression, n (%) 0.310 0.656
>1% 6 (37.5) 7(21.9) 4 (40.0) 6 (60.0)
<1% or unevaluable 10 (62.5) 25 (78.1) 6 (60.0) 4 (40.0)
Brain metastasis, n (%) 6 (37.5) 10 (31.3) 0.750 3(30.0) 4 (40.0) 1.000
Liver metastasis, n (%) 2 (12.5) 3(9.4) 1.000 2 (20.0) 1(10.0) 1.000

PSM, propensity score matching; EGFR, epidermal growth factor receptor; HER2, human epidermal growth factor receptor 2; PS,

Performance Status; PD-L1, programmed cell death-ligand 1.

Immunotherapy Chemotherapy

n=10 n=10
100 — Moo oy 0 10.7 ©.1-123) 46(1.8-75)
P value 0.028
80
< 60
83: Immunotherapy
o 40
20 Chemotherapy
0 +—r—m—-——T————————
0 5 10 15 20
Months

Figure 2 Progression-free survival. PFS for the propensity
score-matched immunotherapy and chemotherapy cohorts. PES,

progression-free survival; mo, months.
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from the 5.0 months (95% CI: 2.6-7.4 months) median
PFS observed in the chemotherapy group (P=0.867). We
attempted to develop a PSM model to compare the efficacy
of immunotherapy versus chemotherapy in the second-
line setting. However, the number of cases was too small to
obtain reliable results (Figure 3).

Safety of immunotherapy

All grades of AEs occurred in 52.6% (20/38) of
patients. The AEs are summarized in Table 4. Fatigue,
granulocytopenia, and hypo-/hyperthyroidism were the
most common AEs. No deaths occurred. Grade 3—4 AEs
were observed in 13.2% (5/38) of patients, with the majority
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being granulocytopenia (40%, 2/5). One patient (2.6%,

1/38) discontinued treatment due to a grade 3 rash after
three cycles of ICI plus anlotinib treatment.

Discussion

In this analysis conducted in a real-world setting,

Immunotherapy Chemotherapy

100 — n=11 n=12
Me“(g‘gn/’:':csl)' MO 34(21-47) 5.0 (2.6-7.4)
80
P value 0.867
60 —
X
@
o 40+
Immunotherapy
20
Chemotherapy
oO+—TTT—T—TT7T T 7T
0 5 10 15 20
Months

Figure 3 Second-line PFS for the total immunotherapy and
chemotherapy cohorts. PFS, progression-free survival; mo,

months.

Table 4 Summary of treatment-related adverse events

803

immunotherapy resulted in a clinically significant objective
response rate (ORR) in NSCLC patients with ex20ins
mutations, leading to a valuable PFS.

The majority of EGFR ex20ins occur after the aC-helix
(residues 767-774), and most HER2 ex20ins are located in
a similar position (775-783 in HER2) (14,15). The binding
ability of targeted drugs is limited due to the confined size
of the drug-binding pocket of these mutations (16). Based
on the similarity of EGFR ex20ins and HER2 ex20ins, we
assessed the efficiency of ICI treatment and chemotherapy
in patients with both of these mutations. We observed that
the clinical efficacy of first-line immunotherapy was not
inferior to standard chemotherapy in patients presenting
with ex20ins-mutated NSCLC.

Patients with EGFR or ALK mutations were excluded
from a few clinical trials because of the low sensitivity to
ICI treatment. Because of the low proportion of patients
harboring EGFR ex20ins or HER? ex20ins, the clinical data
for ICI use in these patients are lacking. It remains uncertain
whether these patients could benefit from immunotherapy.
Among EGFR ex20ins patients who received first-line
chemotherapy, the ORR and median PFS were 19.2%
and 6.4 months, respectively, in a previous study (17).
The outcome for HER2-mutant patients who received

AEs Grade 1-2, n (%) Grade 3, n (%) Grade 4 Grade 5 Total, n (%)
Anemia 4(10.5) 0 0 0 4 (10.5)
Granulocytopenia 3(7.9) 2(5.3) 0 0 5(13.2)
Thrombocytopenia 2 (5.3) 1(2.6) 0 0 3(7.9)
Fatigue 5(13.2) 0 0 0 5(13.2)
Rash 1(2.6) 1(2.6) 0 0 2 (5.3
Vomit 2 (5.3 0 0 0 2 (5.3
Diarrhea 0 0 0 0 0
Hypo-/hyperthyroidism 4 (10.5) 0 0 0 4(10.5)
Increased AST/ALT 2(5.3) 1(2.6) 0 0 3(7.9)
Increased creatinine 0 0 0 0 0
Cough 3(7.9) 0 0 0 3(7.9)
Pneumonitis 0 0 0 0 0

AEs, adverse events; AST, aspartate transaminase; ALT, alanine aminotransferase.

© Translational Lung Cancer Research. All rights reserved.
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chemotherapy was similar to that of patients with EGFR
mutations (18,19). The ORR of 21.9% and median PFS of
6.1 months achieved in our study were similar to the results
from a previous study of first-line chemotherapy use (17).
Furthermore, the ORR and median PFS with first-line ICIs
in this study were better than those with chemotherapy.
Another retrospective multicenter study reported the result
of 10 EGFR ex20ins patients treated with ICIs; the ORR
of first-line ICI treatment was 60% (3/5), while the first-
line median PFS was 1.5-6.7 months (17). The data for
first-line ICI treatment in HER2 ex20ins patients had been
lacking until the current study. The 10.7-month median
PES of first-line ICI treatment achieved in this study is
similar to the 10.2-month PFS achieved in EGFR-mutant
patients that received atezolizumab plus bevacizumab plus
chemotherapy in the Impower150 trial (20). Meanwhile,
the 10.7-month median PFS in this study is longer than the
PEFS achieved in patients without sensitizing EGFR or ALK
mutations treated with pembrolizumab plus chemotherapy
in the keynote189 trial (21).

In the second-line setting, although 45.5% (5/11)
of patients achieved PR, the median PFS did not show
survival benefit from ICI treatment in patients with ex20ins
mutations. The phase III IMPRESS trial showed a median
PFES of 5.4 months (95% CI: 4.6-5.5 months) with second-
line chemotherapy in EGFR-positive NSCLC, which was
comparable to the 5.0-month median PFS of second-line
chemotherapy observed in this study (22). Amivantamab
and mobocertinib were approved for treatment of NSCLC
patients with EGFR ex20ins mutations whose disease had
progressed after platinum chemotherapy. In the phase
I study CHRYSALIS, amivantamab showed an ORR of
40% and a median PFS of 8.3 months in treated NSCLC
patients (6). Meanwhile, mobocertinib achieved an ORR
of 35% and a median PFS of 7.3 months in the reported
data (7). The median PFS with second-line ICI treatment
observed in this study seemed shorter than the PFS with
second-line chemotherapy and treatment with amivantamab
or mobocertinib. Since ICI treatment had a shorter median
PFES and poor response in the third-line or later settings,
ICIs seem to bring limited clinical benefit to this subgroup
of populations in second-line or later settings.

ICI-combined treatments were correlated with superior
efficiency compared with ICI monotherapy in previous
trials. Among patients who achieved PR in this study, 78.6%
(11/14) received combined ICI treatment. A meta-analysis
including five phase III studies suggested comparable
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clinical benefits for patients with EGFR mutations receiving
second-line ICI monotherapy versus chemotherapy (23).
Mazieres et al. retrospectively investigated the effectiveness
of ICI monotherapy in patients with advanced NSCLC,
where mPFS was 2.1 months in patients with EGFR
mutations and 2.5 months in HER2 mutations (24).
The result suggested that single ICIs failed to improve
the survival of patients harboring EGFR mutations.
Meanwhile, increasing evidence has demonstrated that
chemotherapy, radiotherapy, and anti-angiogenesis therapy
have a synergistic effect with ICIs, and such combined
strategies could bring survival benefits for NSCLC patients.
A retrospective study analyzing median survival with
chemotherapy with or without immunotherapy, osimertinib,
and novel targeted agents in patients with EGFR 20
mutations showed that mPFS with chemotherapy plus
immunotherapy appeared to be longer (25). Another first-
line phase III Impower150 trial conducted in non-squamous
NSCLC patients showed prolonged PES and OS in EGFR
or ALK mutant patients treated with atezolizumab plus
bevacizumab and chemotherapy (20). The results indicated
that among oncogene-driven NSCLC patients, a combined
ICI strategy might be a promising choice in first-line
treatment, and the outcomes of our study validated this
finding in ex20ins patients. However, a subsequent phase
IIT Impower130 study exhibited similar results between
atezolizumab plus chemotherapy versus chemotherapy in
patients with EGFR or ALK mutations (26). Compared
with the results of the Impowerl50 trial, bevacizumab
might play a role in ICI treatment in this population.
Although the role of bevacizumab was not observed in
our study, further investigations are required to determine
how to add other treatments to ICIs to boost the clinical
response. Among ex20ins-mutant patients that might be
less sensitive to ICI treatment, PD-L1 expression as well as
ICI-combined treatment should be taken into consideration
when using ICIs in this subgroup of populations. A recent
study reported that cyclo-Arg-Gly-Asp-D-Phe-Lys
(cRGD) peptide-modified PEG-PLA (cRGD-PEG-PLA)
copolymer can deliver curcumin (CUR) and doxorubicin
(DOX), while (CUR-DOX)/cRGD-M combination therapy
promotes apoptosis in lung cancer cells, which may have
potential clinical value for ICI combination therapy for lung
cancer (27).

PD-L1 expression is the most significant biomarker
for ICI use in NSCLC patients (28). The role of PD-
L1 expression remains uncertain when ICls are used for
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oncogene-driven NSCLC patients. Meanwhile, 60.0%
(6/10) of responders had a positive PD-L1 expression
in this study. The phase III Keynote-010 trial compared
pembrolizumab with docetaxel in previously treated
NSCLC patients with positive PD-L1 expression, and
subgroup analysis revealed that the ORR was correlated with
PD-L1 expression levels for EGFR-mutant patients (29).
PD-L1 expression has been demonstrated to correlate with
the efficacy of ICIs in EGFR-mutant patients. However,
due to the small sample size of this study, whether PD-L1 is
a predictive biomarker and its predictive ability in ex20ins
patients deserves further investigation and verification. A
previous study found that higher ORR and median PFS
were observed in patients with EGFR ex20ins mutations
than in patients with HER2 ex20ins or classic EGFR
mutations (30). Another study of a Hispanic sample showed
that the mean PD-L1 expression in EGFR exon20ins seems
higher than for patients with common EGFRm (31). These
findings implied that patients with EGFR ex20ins are more
likely to benefit from ICI treatment owing to their higher
PD-L1 expression.

This study found that most of the AEs of ICI or ICI
combined treatment among ex20ins patients were mild and
tolerable. A study investigating the relationship between
AEs and treatment sequence among EGFR-mutant patients
found that severe immune-related AEs (irAEs) could occur
when immunotherapy was followed by osimertinib, but
no irAEs occurred when reversing the treatment order of
immunotherapy and osimertinib (32). It is worth noting
that severe irAEs might arise when choosing osimertinib for
a patient who has recently received immunotherapy.

Like all real-world evidence (RWE) studies, our study
had some limitations. First, the study was a retrospective,
single-center study with a small amount of data to draw
more comprehensive and definitive conclusions. Second,
all response assessments are conducted at any point in
time at the discretion of the treating physician, rather
than at predetermined intervals like prospective tests.
Therefore, PFS is a treatment time. At the same time,
some comparisons were made between unbalanced random
subgroups, so there was subjective bias. Finally, the study is
also limited by missing data for some patients. Therefore,
the results of mPFS should be interpreted with caution
before the results of prospective clinical trials are available.

Conclusions

In conclusion, this analysis is a single-center retrospective
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cohort study, and its result showed that first-line ICI
treatment combined with chemotherapy might be beneficial
for NSCLC patients with ex20ins mutations. The clinical
response requires further exploration in first-line treatment.
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