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Abstract
Objective The sensitivity of immune checkpoint inhibitors (ICIs) as monotherapy is low in non-

small cell lung cancer (NSCLC) patients with epidermal growth factor receptor (EGFR) exon 20

insertion mutations (ex20ins). This study aims at investigating the effectiveness of the combination

of ICI and chemotherapy (ICI-combined regimen) in a real-world population of NSCLC patients

harboring near-loop insertions of EGFR exon 20.

Methods We conducted a retrospective study of advanced NSCLC with EGFR ex20ins from April

2016 to March 2021 at Guangdong Provincial People’s Hospital, Southern Medical University,

China. A total of 126 cases of EGFR ex20ins were screened from 1610 patients with advanced

NSCLC harboring EGFR mutations and 62 cases were further analyzed for different therapeutic

efficacy.

Results The first-line ICI-combined regimen showed marked efficacy for near-loop insertions of

EGFR exon 20, with an ORR of 71.4% and a mPFS of 11.5 months, compared to ORRs of 12.5% for

traditional targeted therapy (P= .003) and 18.8% for chemotherapy (P= .013). The first-line mPFS

of traditional EGFR-TKIs and chemotherapy were only 5.6 and 5.8 months, respectively. Similar

results were observed for any-line therapy of ICI-combined regimen, with an ORR of 80%. The

median progression-free survival (PFS) of any-line therapy of ICI-combined regimen was 11.5

months, which were significantly longer than that of traditional targeted therapy (4.5 months, P
= .026) and chemotherapy (5.0 months, P= .013).

Conclusions ICI-combined regimen may be superior compared to targeted therapy and chemo-

therapy for advanced NSCLC with near-loop insertions of EGFR exon 20. Further exploration is

warranted to confirm the efficacy of ICI-combined regimen.

Keywords
Immune checkpoint inhibitor, ICI-combined regimen, non-small cell lung cancer, EGFR mutation,

exon 20 insertion

Introduction

Non-small cell lung cancer (NSCLC) is one of the most common malignant tumors world-
wide.1 Epidermal growth factor receptor (EGFR) gene mutations account for approximately
30–50% of lung adenocarcinoma in East Asia. Among these mutations, exon 20 insertion
mutations (ex20ins) represent a rare subtype, with an incidence rate of 4–12% in
EGFR-mutated advanced NSCLC.2–4 Similar to classical mutations, such as exon 19 dele-
tions and L858R point mutations, which are sensitive to tyrosine kinase inhibitors (TKIs),
EGFR ex20ins are also prone to occur in Asian, female, non-smoking and adenocarcinoma
populations. There are over 120 different forms of EGFR ex20ins, with only a few are
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located in the C-helix region (A763-M766). Conversely, more than 90% are found in the
loop region, which is further divided into near-loop (A767 to P772) and far-loop (H773
to C775).5,6 The insertion site, sequence and length of EGFR ex20ins are highly diverse.7

The most common two mutation subtypes are V769_D770insX and D770_N771insX,
both located in the near-loop of EGFR exon 20.8–10

The first generation of tyrosine kinase inhibitors (TKIs) shows poor efficacy for EGFR
ex20ins (except for A763_Y764insFQEA).11–14 Afatinib and osimertinib may be effect-
ive for certain types of ex20ins but evidence from large-scale studies is limited.15–17 One
study indicated that the median progression-free survival (mPFS) for first-line therapy of
traditional EGFR-TKIs in EGFR ex20ins patients was only 2.0–2.9 months. In contrast,
the mPFS for first-line chemotherapy for EGFR ex20ins was 6.4 months, suggesting that
chemotherapy may be superior to traditional EGFR-TKIs for this mutation.18 Novel
drugs such as pozitinib, CLN-081, mobocertinib, amivantamab and sunvozertinib have
promising efficacy against EGFR ex20ins.19–23 Among these, mobocertinib and amivan-
tamab were approved by the US Food and Drug Administration (FDA) for subsequent-
line therapy in 2021. The CHRYSALIS study demonstrated that amivantamab achieved a
notable overall response rate (ORR) of 40% and a mPFS of 8.3 months in patients with
EGFR ex20ins who had progressed after first-line standard chemotherapy. Despite the
promising results of these novel agents for certain EGFR ex20ins subtypes, their avail-
ability remains limited.

Immune checkpoint inhibitors (ICIs) have demonstrated good efficacy as first-line
therapy for advanced NSCLC patients.24–26 However, patients with EGFR or ALK muta-
tions were excluded from the previous studies of pembrolizumab plus chemotherapy or
nivolumab plus ipilimumab in advanced NSCLC. Currently, several studies have shown
that the sensitivity to ICI monotherapy is low in advanced NSCLC patients with EGFR
ex20ins.27,28 The combination of ICI and chemotherapy (ICI-combined regimen) may be
effective for certain patients, as suggested by recent studies. One study reported a median
time to treatment discontinuation (mTTD) of 7 months for ICI-combined regimen, which
was significantly longer than that of ICI monotherapy.28 Our previous report also indi-
cated that combining chemotherapy with ICIs may be beneficial for these patients.29

To date, it remains unclear whether ICI-combined regimen is efficacious for near-loop
insertions, the largest subgroup of EGFR ex20ins.

In this study, we conducted a retrospective analysis to compare the efficacy of
ICI-combined regimen with other treatment methods in order to identify the most effect-
ive treatment approach for advanced NSCLC patients with near-loop insertions of EGFR
exon 20.

Materials and methods

Patient selection

We conducted a retrospective study of advanced NSCLC with EGFR ex20ins from
April 2016 to March 2021 at Guangdong Provincial People’s Hospital, Southern
Medical University, China. The reporting of this study conforms to STROBE guide-
lines.30 This study adhered to the principles of the Declaration of Helsinki and was
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approved by the Guangdong Provincial People’s Hospital ethics committee. Patient
information was collected from hospital records, with all data de-identified to ensure
unbiased analysis.

Eligible patients were selected based on the following criteria: aged 18 or older, diag-
nosed with EGFR ex20ins, and presenting with stage IIIB, IIIC or IV NSCLC, with at
least one measurable tumor site according to Response Evaluation Criteria in Solid
Tumors (RECIST) version 1.1.31 Patients were required to receive at least one systemic
treatment and undergone at least one follow-up CT scan. Patients were excluded from this
study if they declined anti-tumor treatment, harbored other driver gene mutations, parti-
cipated in clinical trials, had primary organ failure, had incomplete clinical data, or were
lost to follow-up were excluded from this study.

EGFR ex20ins mutations were identified using next-generation sequencing technol-
ogy (NGS), the peptide nucleic acid-locked nucleic acid polymerase chain reaction
clamp method (Sanger), or the scorpion amplification refractory mutation system
(ARMS) method. These tests were conducted at accredited biotechnology companies
or local hospitals on tumor tissues, peripheral blood, or pleural fluid samples. All speci-
mens underwent rigorous quality control, and EGFR testing was performed following
standard operating procedures.

Treatment schedule

The treatment regimens were grouped into three categories, regardless of the line of
therapy: traditional EGFR-TKIs, chemotherapy, and ICI-combined regimen, with or
without bevacizumab. Patients receiving ICIs combined with TKIs, TKIs combined
with chemotherapy, ICI monotherapy, or investigational regimens as either first-line
or subsequent therapies were excluded from this analysis. All the regimens were pre-
scribed by physicians at our hospital based on the specific conditons of each patient.
As was previously reported, each regimen could be analyzed once per patient in a
given therapeutic setting, meaning the efficacy results of the above regimens could
be evaluated in the same patient across multiple lines of treatment.28 Treatments
were continued until disease progression, unacceptable toxicities, or discontinuation
due to personal reasons.

Data collection

Baseline treatment efficacy data for advanced NSCLC patients with EGFR ex20ins were
carefully recorded. The therapeutic duration of targeted therapy, chemotherapy, and
ICI-combined regimens were also documented in detail. This cohort included 11 patients
with EGFR mutations in the C-helix region, 80 patients with far-loop insertions, and 20
patients with near-loop insertions. Gene mutations were analyzed using R software. A
waterfall plot was used to display the mutation landscape of the top 30 genes, with muta-
tion types including missense, indel, nonsense, splice, fusion, copy number variation
(CNV), and MultiHit mutations.

Tumor response was evaluated according to RECIST criteria. The response rate was
defined as the percentage of patients achieving partial response (PR) or complete
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response (CR). The disease control rate included stable disease (SD), partial response
(PR), complete response (CR), or the absence of progressive disease (PD).
Progression-free survival (PFS) was defined as the time from the initiation of one of
the above three treatment regimens to either PD or death. For patients who were alive
without progression at the time of the last follow-up or who were lost to follow-up,
data were censored. The cutoff date for PFS data was June 30, 2022, ensuring all patients
had been treated for at least 6 months.

Statistical analysis

Statistical analyses were performed using R software (version 3.6.1) and SPSS software
(version 26). Differences in PFS across the three treatment settings and associations
between marker expression and PFS were analyzed using the Kaplan‒Meier method.
The statistical significance of differences between survival curves was assessed using
the log-rank test. All tests were two-sided, and P values < .05 were considered statistically
significant.

Results

Subtypes of EGFR ex20ins in advanced NSCLC patients

We screened 1610 patients with advanced NSCLC harboring EGFR mutations and iden-
tified 126 cases with EGFR ex20ins (7.8%) at Guangdong Provincial People’s Hospital
between April 1, 2016, and March 31, 2021 (Figure 1). Among these, 111 cases had com-
plete NGS data. Altogether, the occurrence rate of near-loop insertions was 64.3%, which
was significantly higher than that of helical region (8.7%) or far-loop (16.7%). The
V769_D770insX subtype was the most common subtype, accounting for 25.4% of all
EGFR ex20ins cases, followed by the D770_N771insX subtype (23%) (Supplemental

Figure 1. Study design and patient selection flow diagram.
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Figure S1). Notably, the specific mutation rates for V769_D770insASV and
D770_N771insSVD were 24.6% and 17.5%, respectively.

Concomitant mutations of EGFR ex20ins in advanced NSCLC patients

We analyzed the distribution of concomitant mutated genes in patients with EGFR
ex20ins. A waterfall plot analysis of the top30 mutations in 111 patients revealed that
59% of the patients had TP53 mutations (Supplemental Figure S2). Mutations in other
EGFR sites or CNV alternations accounted for 35% of cases, with 20.4% of these involv-
ing CNV variants alongside EGFR mutations. Other frequently observed concomitant
mutations included NQO1 (26%), XRCC1(22%), MTHFR (17%), DPYD (14%) and
GSTP1 (12%) and UGT1A1 (11%), mainly in the form of missense mutations. TYMS
3R was predominantly altered by indels. CNV alternations were common in genes
such as CDK4, CDKN2A, MYC, CCND1, and other genes. The rates of concomitant
TP53 mutations were 45%, 59%, and 65% in patients with mutations in the helical
region, near-loop, and far-loop regions, respectively. Other concomitant mutations also
varied by the EGFR ex20ins regions. For example, GSTP1 mutations were observed
only in near-loop insertions (14%) and C-helix regions (18%). Meanwhile, CDKN2A
mutations were primarily found in the V769_D770insASV subtype (12.9%) and were
absent in the D770_N771insSVD subtype.

Baseline clinicopathologic characteristics of EGFR ex20ins

A total of 75 patients with EGFR ex20ins were included for analysis of clinicopatholo-
gical characteristics, among whom 62 qualified for the efficacy analysis of various treat-
ment regimens. The clinical characteristics of these patients at baseline are listed in
Table 1. The majority of patients were under 65 years old(82.7%), with a median
age of 53 years (range, 21–76 years). Most patients were female (58.7%), non-smokers
(73.3%), had adenocarcinoma (97.4%), presented with stage IV NSCLC (100%), and
were free of brain metastasis (70.7%). PD-L1 expression was assessed in 55 patients,
with 45.3% of cases having positive PD-L1 expression. Tumor mutation burden
(TMB) data were available for 47 patients, with only 3 cases showing a TMB value
greater than 10. Near-loop mutations of EGFR exon 20 were observed in 47 patients
(62.7%), whereas mutations in the helical region and far-loop region were seen in 9
(12%) and 14 (18.7%) patients, respectively. There were five cases with unknown muta-
tion sites.

Treatment and efficacy of different regimens for EGFR ex20ins

All NSCLC patients in this study received anti-tumor therapies. Among them, 24 (32%)
cases received EGFR-targeted therapy, 28 (37.3%) cases received chemotherapy, and 10
(13.4%) cases received ICI-combined regimen as first-line therapy, with or without bev-
acizumab (Supplemental Table S1). Additionally, 9 (12%) patients participated in clin-
ical trials, and 4 (5.3%) patients received other therapies at diagnosis. Across the entire
treatment period, 40 patients with EGFR ex20ins received targeted therapy, 47 received
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chemotherapy, and 14 received ICIs combined regimen. Targeted therapies included
second- and third-generation TKIs, such as afatinib (37.5%, N= 15) and osimertinib
(47.5%, N= 19). First-generation TKIs, such as gefitinib and erlotinib, were rarely

Table 1. Clinicopathologic characteristics of patients with EGFR ex20ins.

Characteristic Number (%)

Age
Median 53
Range 21 to 76

Years
<65 62 (82.7)
≥65 13 (17.3)
Sex

Male 31 (41.3)
Female 44 (58.7)

Histology
Adenocarcinoma 73 (97.4)
Adenosquamous 1 (1.3)
Lymphoepithelioma like carcinoma 1 (1.3)

Stage at diagnosis
IIIB 1 (1.3)
IVA 24 (32)
IVB 50(66.7)

Smoking
Yes 20 (26.7)
No 55 (73.3)

Brain metastasis
Yes 22 (29.3)
No 53 (70.7)

PD-L1
Negative 21 (28)
Positive 34 (45.3)
Unknown 20 (26.7)

TMB
<10 44 (58.7)
≥10 3 (4)

Unknown 28 (37.3)
Mutation region

Helical region 9 (12)
Near-loop 47 (62.7)
Far-loop 14 (18.7)
Unknown 5 (6.6)

First-line treatment
Targeted therapy 24 (32)
Chemotherapy 28 (37.3)
ICI-combined regimen 10 (13.4)
Clinical trial 9 (12)
Other therapy 4 (5.3)

Abbreviations: EGFR, epidermal growth factor receptor; ex20ins, exon 20 insertion mutations; TMB, tumor

mutation burden; ICI, immune checkpoint inhibitor.
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prescribed, both accounting for only 7.5%. Chemotherapy primarily involved platinum
combined with pemetrexed (74.5%, N= 35) or paclitaxel (14.9%, N= 7), with or
without bevacizumab. The ICI-combined regimen primarily included pembrolizumab
(57.1%, N= 8) or camrelizumab (21.4%, N= 3) combined with standard chemotherapy,
pemetrexed, or paclitaxel plus carboplatin. Other ICIs included durvalumab, atezolizu-
mab, and toripalimab, each accounting for 7.1% of cases.

The response rates and median PFS for first-line treatment of advanced NSCLC with
EGFR ex20ins did not differ significantly among traditional EGFR-TKIs, chemotherapy,
and ICI-combined regimen. The ORRs were 20.8% (95% CI: 3.3–38.4) for traditional
EGFR-TKIs, 21.4% (95% CI: 5.2–37.6) for chemotherapy, and 50% (95% CI: 12.3–
87.7) for ICI-combined regimen (P> .05). The first-line mPFS were 5.8 months (95%
CI: 1.1–10.5), 7.3 months (95% CI: 5.3–9.3), and 7.1 months (95% CI: 6.0–8.2), respect-
ively (Figure 2A, 2B, Supplemental Table S2). However, for any-line treatment, the ORR
of ICI-combined regimen (57.1%, 95%CI: 27.5–86.8) was significantly higher than that of
traditional EGFR-TKIs (20%, 95% CI: 7.0–33.0) (P= .009) and chemotherapy (29.8%,
95% CI: 16.2–43.4) (P= .048) (Supplemental Figure S3A, Supplemental Table S3).
Nevertheless, there was no significant difference in mPFS of any-line therapy among the
traditional targeted therapy, chemotherapy, and ICI-combined regimen (Supplemental
Figure S3B).

Efficacy of treatment regimens for different regions of EGFR ex20ins

We further investigated the efficacy of first-line traditional EGFR-TKIs, chemotherapy
and ICI-combined regimen in patients with EGFR ex20ins located in different structural
regions. Traditional EGFR-TKIs demonstrated superior ORR for insertions in the helical
region compared to the near-loop region (50% vs. 12.5%) (Figure 2C). In contrast, the
highest rates of ORR for chemotherapy were observed in the far-loop region (28.6%),
while the lowest was in the helical regions (0%). The first-line ICI-combined regimen
showed marked efficacy for near-loop insertions of EGFR exon 20, with an ORR of
71.4% (95% CI: 26.3–100) and a mPFS of 11.5 months (95% CI: 0.2–22.8), compared
to ORRs of 12.5% (95% CI: 0–30.7) for traditional targeted therapy (P= .003) and 18.8%
(95% CI: 0–40.2) for chemotherapy (P= .013), and a mPFS of 5.6 months (95% CI: 0–
11.9) for traditional EGFR-TKIs (P= .22) and 5.8 months (95% CI: 2.9–8.7) for chemo-
therapy (P= .138) (Table 2, Figure 2D).

For any-line treatment in patients with helical region insertions, traditionalEGFR-TKIs
achieved the highest ORR (71.4%, 95% CI: 26.3–100) (Figure 3A). In patients with
far-loop insertions, chemotherapy showed the highest ORR (36.4%, 95% CI: 2.5–70.3).
Notably, for near-loop insertions, ICI-combined regimen demonstrated a significantly
higher ORR (80%, 95% CI: 49.8–100) compared to traditional EGFR-TKIs (8.3%, 95% CI:
0–20.3) (P< .001) and chemotherapy (25.9%, 95% CI: 8.3–43.6) (P< .001) (Figure 3A,
Table 3). The mPFS of ICI-combined regimen (11.5 months, 95% CI: 0–25.8) in near-loop
insertions was also longer than that of traditional EGFR-TKIs (4.5 months, 95% CI: 2.1–6.9)
(P= .026) and chemotherapy (5.0months, 95%CI: 2.8–7.2) (P= .013) in thismutation region
(Figure 3B). Detailed ORR and PFS data for patients receiving ICI-combined regimens were
presented in Figure 3C and Figure 3D.
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Efficacy for specific subtypes of EGFR ex20ins

Regarding specific mutation subtypes, traditional EGFR-TKIs achieved the highest ORR
for the A763_Y764insX subtype (71.4%, 95% CI: 26.3–100) (Supplemental
Figure S4A), while the mPFS was longest with the H773_V774insX subtype (8.3
months, 95% CI: 0–19.0) (Supplemental Figure S4B). The ORRs differed significantly
between the D770_N771insX and H773_V774insX subtypes (P= .047).
Chemotherapy demonstrated superior efficacy for the V769_D770insX subtype, achiev-
ing an ORR of 50% (95% CI: 12.3–87.7) (Supplemental Figure S4C), although the mPFS
was shorter than that of other mutation sites (Supplemental Figure S4D). The ORR for the
V769_D770insX subtype was significantly higher than that of the H773_V774insX
subtype (P= .011).

Discussion

EGFR ex20ins demonstrate primary resistance to first- and second-generation TKIs, with
an ORR less than 10%.32 In this study, we reconfirmed the efficacy of different therapies
for EGFR ex20ins. The overall efficacy of traditional EGFR-TKIs observed in this study

Figure 2. Efficacy results of first-line treatment for EGFR ex20ins.
Response rate (A) and mPFS (B) of first-line targeted therapy (n= 24), chemotherapy (n= 28), and

ICIs-combined regimen (n= 10) for advanced NSCLC with EGFR ex20ins. (C) Response rate of first-line

targeted therapy, chemotherapy, and ICIs-combined regimens for helical regions, near-loop and far-loop of

EGFR ex20ins in NSCLC patients. (D) Kaplan–Meier curve of the PFS of first-line targeted therapy,

chemotherapy and ICI-combined regimen for NSCLC patients with EGFR ex20ins.
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Table 2. Efficacy results of first-line treatment for near-loop region of EGFR ex20ins.

Targeted
therapy (n= 16)

Chemotherapy
(n= 16)

ICI-combined
regimen (n= 7)

Variable No. % No. % No. %
Response
PR (%) 2 12.5 3 18.8 5 71.4
SD (%) 4 25.0 8 50.0 0 0
Response rates, % 12.5 18.8 71.4
95% CI 0–30.7 0–40.2 26.3–100
Disease control rates, % 37.5 68.8 71.4
95% CI 10.9–64.1 43.2–94.3 26.3–100
Median PFS (months) 5.6 5.8 11.5
95% CI 0–11.9 2.9–8.7 0.2–22.8

Note: The P value of response rates: Targeted therapy versus chemotherapy is .64. Targeted therapy versus

ICI-combined regimen is .003. Chemotherapy versus ICI-combined regimen is .013. The P value of disease

control rates: targeted therapy versus chemotherapy is .081. Targeted therapy versus ICI-combined regimen is

.147. Chemotherapy versus ICI-combined regimen is .903. The P value of median PFS: Targeted therapy versus

chemotherapy is .36. Targeted therapy versus ICI-combined regimen is .22. Chemotherapy versus ICI-combined

regimen is .138.

Abbreviations: EGFR, epidermal growth factor receptor; ex20ins, exon 20 insertion mutations; ICI, immune

checkpoint inhibitor; PR, partial response; SD, stable disease; PFS, progression-free survival.

Table 3. Efficacy results of any line treatment for near-loop region of EGFR ex20ins.

Targeted
therapy (n= 24)

Chemotherapy
(n= 27)

ICI-combined
regimen
(n= 10)

Variable No. % No. % No. %
Response
PR (%) 2 8.3 7 25.9 8 80.0
SD (%) 8 33.3 11 50.0 0 0
Response rates, % 8.3 25.9 80.0
95% CI 0–20.3 8.3–43.6 49.8–100
Disease control rates, % 41.7 66.7 80.0
95% CI 20.4–62.9 47.7–85.7 49.8–100
Median PFS (months) 4.5 5.0 11.5
95% CI 2.1–6.9 2.8–7.2 0–25.8

Note: The P value of response rates: Targeted therapy versus chemotherapy is .109. Targeted therapy versus

ICI-combined regimen is＜.001. Chemotherapy versus ICI-combined regimen is＜.001. The P value of disease
control rates: targeted therapy versus chemotherapy is .069. Targeted therapy versus ICI-combined regimen is

.039. Chemotherapy versus ICI-combined regimen is .457. The P value of median PFS: Targeted therapy versus

chemotherapy is .621. Targeted therapy versus ICI-combined regimen is .026. Chemotherapy versus

ICI-combined regimen is .013. Abbreviations: EGFR, epidermal growth factor receptor; ex20ins, exon 20

insertion mutations; ICI, immune checkpoint inhibitor; PR, partial response; SD, stable disease; PFS,

progression-free survival.
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was higher than in previous studies, mainly due to extensive utilization of osimertinib in
our hospital and the potential influence of factors such as the absence of central review or
varied CT-scan schedules. However, traditional EGFR-TKIs still failed to show signifi-
cant efficacy for near-loop and far-loop insertions for any-line treatment. Although mobo-
certinib and amivantamab have shown favorable efficacy for advanced NSCLC that has
progressed on platinum-based chemotherapy, the ORR remained below 43%, with mPFS
not exceeding 8.3 months for both agents. Recently data from the PAPILLON study sug-
gested that amivantamab plus chemotherapy may be effective as a first-line treatment for
advanced NSCLC with EGFR ex20ins.33 However, the monotherapy of mobocertinib
failed to demonstrate efficacy in the EXCLAIM-2 trial recently, leading to the withdrawal
of its approval. The MOON trial showed that there was no significant difference in PFS
between patients receiving mobocertinib treatment with near-loop and far-loop inser-
tions.34 These findings highlight that not all patients benefit from these therapies due
to the heterogeneity in EGFR ex20ins.

Recent studies have shown that NSCLC harboring EGFR ex20ins treated with chemother-
apy or ICIs as first-line therapy exhibited a similar prognosis as wild-type NSCLC.35,36 In this

Figure 3. Efficacy results of any-line treatment for EGFR ex20ins.
Response rate (A) and Kaplan–Meier curve of the PFS (B) of any line treatment of targeted therapy,

chemotherapy and ICI-combined regimen for helical regions, near-loop and far-loop of EGFR ex20ins in NSCLC

patients. The specific efficacy (C) and PFS (D) for patients receiving the treatment of ICI-combined regimen.

*second-line treatment, ▴third-line treatment, continuing treatment.
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study, we found that chemotherapy as initial treatment yielded an ORR of 21.4% across all
mutation regions of EGFR ex20ins, consistent with previous findings.37,38 Nevertheless, the
first-line ICI-combined regimen demonstrated amuch higher response rate for near-loop inser-
tions than chemotherapy. Our study also showed that the ICI-combined regimen is effective in
second-line or later settings. We further explored factors associated with the efficacy of treat-
ment for EGFR ex20ins. Our study revealed no correlation between PD-L1 expression, TMB
levels, or concomitantmutations and treatment response, except for TP53 co-mutations. These
co-mutations, occurring in 59% of EGFR ex20ins patients, were associated with shorter sur-
vival when treated with targeted therapy.39,40

To date, ICI monotherapy or ICI-combined regimen is not recommended as first-line
treatment for advanced NSCLC patients with EGFR ex20ins. Chemotherapy remains the
preferred first-line therapy for these patients in most countries. In our study, we observed
that the ORR and median mPFS of ICI-combined regimen for advanced NSCLC with
EGFR ex20ins in the first-line setting were comparable to those of traditional
EGFR-TKIs and chemotherapy. However, ICI-combined regimen was not effective for
all patients with EGFR ex20ins. For example, it showed minimal efficacy for helical
or far-loop insertions, confirming the heterogeneity in treatment response among different
EGFR ex20ins subtypes. The tumor immune microenvironment is closely related to the
efficacy of immunotherapy for EGFR ex20ins, as was indicated in our previous study.41

The specific structural characteristic of EGFR ex20ins may also contribute to this vari-
ability, warranting further investigation.

Previous studies have suggested that ICIs and chemotherapy may work synergistically
to kill cancer cells, as chemotherapy may enhance immune response by increasing PD-L1
expression and altering the tumor immune microenvironment.42–44 In this study, different
subtypes of EGFR ex20ins demonstrated varying sensitivities to ICI-combined regimen.
Near-loop insertions, in particular, were more sensitive to this combined therapy,
showing significantly higher ORRs and longer mPFS in any-line settings. For first-line
treatment, ICI-combined regimen also demonstrated a significantly higher ORR for near-
loop insertions. However, compared to chemotherapy and traditional EGFR-TKIs, the
improvement in mPFS for first-line ICI-combined regimen did not reach statistical signifi-
cance, mainly due to the small sample size in the ICI-combined regimen group. Large
studies may further confirm the PFS benefit of ICI-combined regimen.

This study underscores the efficacy differences among ICI-combined regimen, chemo-
therapy and traditional EGFR-TKIs for advanced NSCLC with near-loop insertions of
EGFR exon 20. In the future, large clinical studies will be necessary to confirm the efficacy
of ICI-combined regimen for this specific subset of patients. However, this study has
several limitations. Firstly, this was a single-center investigation, with a relatively small
sample size of EGFR ex20ins cases, which may limit the statistical power of some compar-
isons. Secondly, confounding factors, such as variations in treatment lines and drug types
within each treatment category, may have influenced the results. In addition, selection bias
may occur in our study. Among patients included for analysis of clinicopathological char-
acteristics, some were not included for efficacy comparison because they received other
first-line treatments or participated in clinical trials. Finally, our study did not include
patients treated with novel agents such as mobocertinib and amivantamab, as these
drugs were not routinely available during the study period.

12 Science Progress 108(1)



Conclusions

NSCLC with EGFR ex20ins demonstrates varying responses to ICI-combined regimens,
chemotherapy and traditional EGFR-TKIs. ICI-combined regimen may be superior in
advanced NSCLC with near-loop insertions of EGFR exon 20. Further large-scale
studies are needed to confirm the efficacy of ICI-combined regimens for these patients.

Abbreviation

ex20ins exon 20 insertion mutations
EGFR epidermal growth factor receptor
NSCLC non-small-cell lung cancer
TKIs tyrosine kinase inhibitors
mPFS median progression-free survival
FDA US Food and Drug Administration
ORR objective response rate
DOR duration of response
ICIs immune checkpoint inhibitors
DCR disease control rate
mTTD time to treatment discontinuation
RECIST Response Evaluation Criteria in Solid Tumors
NGS next-generation sequencing
ARMS amplification refractory mutation system
CNV copy number variation
PR partial response
CR complete response
SD stable disease
PD progression disease.
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