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Background: This study aimed to explore the efficacy of different epidermal growth factor receptor
tyrosine kinase inhibitors (EGFR-TKIs) in lung adenocarcinoma (AC) patients harboring uncommon EGFR
mutations.

Methods: Between January 1st, 2013 and October 1st, 2019, 2,680 EGFR mutation-positive patients
with confirmed stage IIIB/IV lung AC were enrolled from Zhejiang Cancer Hospital. Uncommon EGFR
mutations were detected in 132 patients using next-generation-sequencing. Clinicopathological features
between patients with uncommon EGFR mutations and common EGFR mutations were evaluated by the
chi-square test. The clinical outcomes of patients with uncommon EGFR mutations were analyzed by the
Kaplan-Meier method.

Results: Of 132 AC patients with uncommon EGFR mutations, 115 received EGFR-TKIs. Second-
generation EGFR-TKIs were associated with longer progression-free survival (PFS) (P=0.116) and overall
survival (OS) (P=0.005) than first or third-generation EGFR-TKIs. We also found that patients with
compound mutations and double uncommon EGFR mutations had longer PFS (P=0.725) and OS (P=0.741)
than those with single uncommon EGFR mutation, although the difference was not significant. In addition,
third-generation EGFR-TKIs were more effective than the other two agents in patients with primary T790M
mutation regarding PFS (P=0.150) and OS (P=0.033), although the difference in PFS was not significant.
Conclusions: Patients with uncommon EGFR mutations treated with second-generation EGFR-TKIs
showed better PFS and OS. EGFR-TKIs were more effective in patients with compound mutations or

double uncommon mutations.
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Introduction

Lung cancer is the leading cause of death in China, and its
incidence and mortality have increased in the last decade
(1,2). Non-small cell lung cancer (NSCLC) accounts for
85% of lung cancers (3), and lung adenocarcinoma (AC) is
the most prevalent type of NSCLC. The epidermal growth
factor receptor (EGFR) is involved in the proliferation,
repair, and survival of tumor cells, and EGFR mutations
are found in 40% of patients with NSCLC in Asian
populations, which mainly occur in lung AC (4-6).

The development of targeted therapies has improved
the survival of patients with lung AC (7). EGFR-sensitive
mutations such as exon 19 deletions and L858R point
mutation are known as “classical” mutations (8), and
patients with these mutations benefit from EGFR tyrosine
kinase inhibitor (TKI) treatment (9-11). However, data on
the efficacy of treatment in patients with uncommon EGFR
mutations in exon 18, exon 20, and exon 21, which account
for 18% of EGFR mutations in NSCLC, is insufficient (12).
The results of pooled analysis of the LUX-Lung 2, LUX-
Lung 3, and LUX-Lung 6 clinical trials suggest that
afatinib is effective in NSCLC patients carrying uncommon
EGFR mutations (13). Cho er a/. analyzed 37 NSCLC
patients harboring uncommon EGFR mutations (G719X,
L861Q, S7681 and others) and found that osimertinib had
favorable activity in NSCLC patients harboring uncommon
EGFR mutations (14). However, real-world data on the
effects of EGFR-TKIs in patients with uncommon EGFR
mutations are insufficient, and the efficacy of afatinib and
osimertinib needs to be further validated. In addition, the
clinical efficacy of these agents in patients with compound
EGFR mutations and double uncommon mutations remains
unclear. Kobayashi ez 4. analyzed 11 NSCLC patients with
compound mutations or double uncommon mutations, and
of eight patients treated with EGFR-TKIs, seven achieved
a partial response (PR) with erlotinib (15). However,
there are few studies analyzing compound mutations or
double uncommon mutations. Hence, identifying effective
treatment regimens for patients with compound mutations
or double uncommon mutations is important.

The EGFR T790M point mutation in exon 20 is
associated with acquired resistance to first or second
generation EGFR-TKIs (16). Third-generation EGFR-
TKIs have been approved in many countries for patients
with the EGFR T790M point mutation, in whom it
prolongs progression-free survival (PFS) compared with
platinum-based chemotherapy (17). However, primary
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"T790M mutations account for 0.5% of TKI-naive NSCLC
patients and survival data are lacking (18).

The development of next generation sequencing (NGS)
has improved the detection of patients with uncommon
EGFR mutations and the treatment of this population needs
to be addressed. Here, we performed a real-world study with
a large number of patients to explore the efficacy of EGFR-
TKIs in AC patients harboring uncommon EGFR mutations.
We present the following article in accordance with the
STROBE reporting checklist (available at https://apm.
amegroups.com/article/view/10.21037/apm-21-2828/rc).

Methods
Study population

This retrospective study was performed between January
Ist, 2013 and October 1st, 2019. The study enrolled 2,680
EGFR mutation-positive patients with confirmed stage ITIIB/
IV lung AC from Zhejiang Cancer Hospital. The study
was performed in compliance with the ethical standards of
Zhejiang Cancer Hospital (No. IRB-2021-440), and the
need for written informed consent was waived because of
the retrospective nature of the study. Of the 2,680 lung AC
patients, some patients received first-line targeted therapies
and other patients received second-line targeted therapies
after experiencing disease progression with the standardized
chemotherapy regimen. There were 2,548 patients
with common EGFR mutations and 132 patients with
uncommon EGFR mutations. All patients with uncommon
EGFR mutations received EGFR-TKIs. The response to
treatment was assessed according to Response Evaluation
Criteria in Solid Tumors (RECIST vl1.1). The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013).

Gene mutation detection

Clinicopathological characteristics and gene abnormalities
were analyzed by histopathological examination and
routing mutation testing. NGS was performed to
detect exon 19 deletions and L858R, L.861Q, G719X,
20 insertions, S7681, and primary T790M mutations in
accordance with the College of American Pathologists
(CAP) guidelines (19,20).

NGS detected 132 patients with uncommon mutations
before EGFR-TKI treatment. Compound EGFR mutation
was defined as the combination of a single uncommon
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Table 1 Clinicopathological features of uncommon EGFR mutation

Si et al. Efficacy of afatinib in uncommon EGFR mutations patients

ltems Common EGFR mutation, n (%) Uncommon EGFR mutation, n (%) P value
Gender 0.004
Male 1,156 (45.4) 77 (58.3)
Female 1,392 (54.6) 55 (41.7)
Age, years 0.319
<60 1,387 (54.4) 66 (50.0)
>60 1,161 (45.6) 66 (50.0)
Smoking status 0.000
No 1,685 (68.0) 68 (52.7)
Yes 793 (32.0) 61 (47.3)
PS scores 0.262
0-1 point 2,165 (85.0) 110 (83.3)
>2 points 383 (15.0) 22 (16.7)

EGFR, epidermal growth factor receptor; PS, performance status.

EGFR mutation and a sensitive EGFR mutation including
exon 19 deletion and L858R point mutation. A double
uncommon mutation was defined as the combination of two
single uncommon mutations. The T790M mutation was
considered a primary mutation as previous studies showed
that an acquired T790M mutation was frequently present
in patients who were resistant to first- or second-generation

EGFR-TKIs.

Statistical analysis

Differences in clinicopathological features between patients
with uncommon EGFR mutations and those with common
EGFR mutations were evaluated by the chi-square test. The
study had three endpoints: objective response rate (ORR),
PES, and overall survival (OS). ORR was defined as the
sum of complete response and PR. PFS was defined as the
time from the date of the start of EGFR-TKI treatment
to the date of disease progression. OS was defined as the
time from the initial diagnosis to the date of last follow-
up or death from any cause. The latter two endpoints were
analyzed using the Kaplan-Meier method. All analyses were
performed using SPSS version 26. Two-sided P values were
set to <0.05. The last follow-up date was December 2020,
and the median follow-up time was 27 months (range, 0.0-
81.0 months).
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Results
Patient characteristics

The 2,680 AC patients enrolled in the present study
included 132 patients with uncommon EGFR mutations
and 2,548 patients with common EGFR mutations.
The clinicopathological features were analyzed and the
clinical outcomes were evaluated until December 2020.
Uncommon EGFR mutation patients accounted for 5% of
the population and included 77 men and 55 women with a
median age of 60 years (range, 29-84 years). Patients were
divided according to smoking history into a never smoking
group (n=68) and former or current smoking group (n=61).
The performance status was 0-1 in 110 patients and >2 in
22 patients. Uncommon mutations were more frequent in
men (P=0.004) and in never smoking patients (P=0.000).
Detailed patient characteristics are listed in Table 1.

Survival analysis in patients with uncommon and common
EGFR mutations

Of the 2,680 stage IIIB/IV lung AC patients, 2,548 had
common EGFR mutations and 132 had uncommon EGFR
mutations. The uncommon EGFR mutations included
G719X, S768I, insertion mutation, primary T790M
mutation, and L861Q. The 132 lung AC patients with
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Table 2 Uncommon EGFR mutations were detected in lung adenocarcinoma patients by NGS

Mutation types N Mutation subtypes N
Single uncommon mutation 79 G719X 37
S768| 4
L861Q 17

20 insertions 21

Compound mutation 12 G719X +19 del 2
G719X + L858R 4

S768l +19 del 2

S768l + L858R 2

L861Q +19 del 1

L861Q + L858R 1

Double uncommon mutation 11 G719X + L861Q 3
G719X + S768l 8

Primary T790M mutation 27 Single T790M mutation 4
T790M +19 del 4
T790M + L858R 16

T790M + G719X 3

EGFR, epidermal growth factor receptor; NGS, next-generation sequencing.

uncommon EGFR mutations were divided into four groups
as follows: group 1: single uncommon EGFR mutation
(79/132); group 2: compound EGFR mutation (12/132);
group 3: double uncommon EGFR mutation (11/132);
and group 4: primary EGFR-T790M mutation (27/132).
Three patients harboring exon 19 T751P mutation, exon
22 uncommon mutation, and exon 1 uncommon mutation
were excluded from the analysis. Of 132 uncommon EGFR
mutation patients, 115 received EGFR-TKIs (excluding
three patients harboring other mutations), which consisted
of first-generation EGFR-TKIs in 72 patients, second-
generation EGFR-TKIs in 15 patients, and third-
generation EGFR-TKIs in four patients. The remaining
24 patients who received EGFR-TKIs were in the primary
T790M mutation group, and this part of the population
was analyzed separately. Uncommon EGFR mutations
accounted for 5.0% of EGFR mutations identified in
the cohort, and the median PFS and OS were 8.2 and
27 months, respectively. Detailed information of patients
with uncommon EGFR mutations is listed in Table 2.
Survival analysis of patients with uncommon and
common mutations showed that patients harboring
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uncommon EGFR mutations (excluding primary T790M
mutation) had shorter OS than those with common
mutations (27 vs. 33 months, P=0.002, Figure I). Patients
with uncommon mutations had a median OS of 27 months
[95% confidence interval (CI): 21.7-32.3 months] and an
ORR of 13.2% (12/91).

Treatment efficacy of EGFR-TKIs in patients harboring
uncommon EGFR mutations

Of the 132 uncommon EGFR mutation patients, the ORR
of patients receiving first-generation EGFR-TKIs, second-
generation EGFR-TKIs, and third-generation EGFR-TKIs
was 9.7% (7/72), 26.7% (4/15), and 25% (1/4), respectively.
Patients (excluding group 4: primary EGFR-T790M
mutation group) treated with second-generation EGFR-
TKIs (n=15) had longer PFS than those treated with first-
generation EGFR-TKIs (n=72) or third-generation EGFR-
TKIs (n=4), although the difference was not significant (9.0
vs. 6.5 vs. 1.9 months, P=0.116, Figure 2). Patients treated
with second-generation EGFR-TKIs (n=15) had longer OS
than those treated with first- or third-generation EGFR-
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Figure 1 Uncommon EGFR mutation showed shorter OS than
common EGFR mutation by Kaplan-Meier survival analysis.

EGFR, epidermal growth factor receptor; OS, overall survival.
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Figure 2 Second-generation EGFR-TKI showed longer PES than
first or third-generation EGFR-TKI by Kaplan-Meier survival
analysis (excluding primary EGFR T790M mutation). EGFR-TKI,
epidermal growth factor receptor-tyrosine kinase inhibitors; PFES,

progression-free survival.

TKIs, and the difference was significant (NR vs. 20.4 vs.
13.8 months, P=0.005, Figure 3). The median PFS and OS
for patients treated with second-generation EGFR-TKIs
was 9 months (95% CI: 7.2-10.9 months) and not reached.
The clinicopathological features of patients and the
treatment efficacy of EGFR-TKIs are shown in Tables 3,4.

Compound EGFR mutations and double uncommon EGFR
mutations

Of the 132 patients with uncommon EGFR mutations,
79 had a single uncommon EGFR mutation, 12 had
compound EGFR mutations (single uncommon EGFR
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Figure 3 Second-generation EGFR-TKI showed longer OS than
first or third-generation EGFR-TKI by Kaplan-Meier survival
analysis (excluding primary EGFR T790M mutation). EGFR-
TKI, epidermal growth factor receptor-tyrosine kinase inhibitors;

OS, overall survival.

mutation combined with sensitive EGFR mutation: exon
19 deletions and L858R point mutation), and 11 had double
uncommon EGFR mutations. The ORR of patients with
single uncommon mutation, compound mutation, and
double uncommon mutation was 11.3% (8/71), 20% (2/10),
and 20% (2/10), respectively. The median PFS of patients
harboring single uncommon EGFR mutation, compound
mutation, and double EGFR mutation was 6.7 months
(95% CI: 3.6-9.8 months), 9.0 months (95% CI: 6.0
—-12.0 months), and 9.4 months (95% CI: 5.7-13.0 months),
respectively. Patients harboring compound mutations and
double EGFR mutations had longer PFS than patients
harboring single uncommon EGFR mutation, although the
difference was not significant (P=0.725, Figure 4). Patients
with compound mutations and double uncommon EGFR
mutations had longer OS than those with single uncommon
EGFR mutations, with a median OS of 28 months
(95% CI: 14.3-41.7 months) and 28 months (95% CI:
14.9-41.1 months), respectively, and the difference was
not significant (P=0.741, Figure 5). The median OS of
patients with single uncommon EGFR mutation was
24 months (95% CI: 15.2-32.8 months). The results
suggested that EGFR-TKI treatment was more effective in
patients with compound mutations and double uncommon
EGFR mutations than in those with single uncommon
EGFR mutation.

Primary T790M mutation

Of 27 patients with primary EGFR T790M mutation
(regardless of the type of mutation such as single
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1* generation EGFR-TKI

2" generation EGFR-TKI

3" generation EGFR-TKI

Items (N=72, %) (n=15, %) (n=4, %)
Gender

Male 43 (59.7) 13 (86.7) 3(75.0)

Female 29 (40.3) 2 (13.3) 1(25.0)
Age, years

<60 40 (55.6) 8 (53.3) 3 (75.0)

>60 32 (44.4) 7 (46.7) 1(25.0)
Smoking status

No 38 (52.8) 3(20.0) 2 (50.0)

Yes 32 (44.4) 12 (80.0) 2 (50.0)
PS scores

0-1 point 55 (76.4) 13 (86.7) 4 (100.0)

>2 points 17 (23.6) 2 (13.3) 0(0)
Mutation types

Single uncommon mutation 58 (80.6) 10 (66.7) 3(75.0)

Compound mutation 7(9.7) 2(13.3) 1(25.0)

Double uncommon mutation 7(9.7) 3 (20.0) 0(0)
Single uncommon mutation

G719X 25 (43.1) 7 (70.0) 1(33.3)

S768| 4 (6.9) 0 (0) 0(0)

L861Q 13 (22.4) 1(10.0) 1(33.3)

20 insertions 16 (27.6) 2(20.0) 1(33.3)
Compound mutation

G719X +19 del 1(14.3) 1(50.0) 0(0)

G719X + L858R 2 (28.6) 0 (0) 1(100.0)

S768l +19 del 1(14.3) 1(50.0) 0(0)

S768l + L858R 1(14.3) 0 (0) 0(0)

L861Q +19 del 1(14.3) 0 (0) 0(0)

L861Q + L858R 1(14.3) 0 (0) 0(0)
Double uncommon mutation

G719X + L861Q 2 (28.6) 1(33.3) 0(0)

G719X + S768| 5 (71.4) 2 (66.7) 0(0)

EGFR-TKI, epidermal growth factor receptor-tyrosine kinase inhibitors; PS, performance status.
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Table 4 The treatment efficacy of EGFR-TKI in lung adenocarcinoma patients harboring uncommon EGFR mutation (excluding primary T790M

mutation)

EGFR-TKI N PFS (month, 95% CI) P value OS (month, 95% ClI) P value
1* generation EGFR-TKI (gefitinib or icotinib) 72 6.5 (3.6-9.4) 0.116 20.4 (11.9-29.0) 0.005
2" generation EGFR-TKI (afatinib) 15 9.0 (7.2-10.9) NR

3" generation EGFR-TKI (osimertinib) 4 1.9 (0.5-3.4) 13.8 (7.4-20.2)

The above data presented excluding primary T790M mutation group. EGFR-TKI, epidermal growth factor receptor-tyrosine kinase
inhibitors; PFS, progression-free survival; OS, overall survival; NR, not reported.
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Figure 4 Compound mutation and double EGFR mutation had
longer PFS than single uncommon EGFR mutation by Kaplan-
Meier survival analysis (excluding primary EGFR T790M
mutation). EGFR, epidermal growth factor receptor; PFS,

progression-free survival.
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Figure 5 Compound mutation and double EGFR mutation had
longer OS than single uncommon EGFR mutation by Kaplan-
Meier survival analysis(excluding primary EGFR T790M
mutation). EGFR, epidermal growth factor receptor; OS, overall

survival.
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uncommon mutation, compound mutation, or double
uncommon mutation), 12 were treated with first-generation
EGFR-TKIs, 1 received second-generation EGFR-
TKIs, and 11 received third-generation EGFR-TKIs. The
ORR of first-generation, second-generation, and third-
generation EGFR-TKIs was 0% (0/12), 0% (0/1) and 10%
(1/10), respectively. There was no significant difference in
PFS between these patients (8.2 vs. 9.5 vs. 12.2 months,
P=0.150). However, patients treated with third-generation
EGFR-TKIs had better PFS than those receiving the
other two agents (median PFS =12.2 months, 95% CI:
4.9-19.5 months). Patients treated with third-generation
EGFR-TKIs had a significantly longer OS than those
receiving first- or second-generation EGFR-TKIs (9.0 wvs.
16.8 vs. 25.3 months, P=0.033). The median OS of patients
treated with third-generation EGFR-TKIs was 25.3 months
(95% CI: 7.6-43.0 months).

Discussion

Patients with uncommon EGFR mutations accounted for
5% of the population of this study and had a shorter OS
than those with common mutations. Uncommon EGFR
mutation patients treated with second-generation EGFR-
TKIs had longer PFS and OS than those treated with first-
or third-generation EGFR-TKIs. The treatment efficacy of
a second-generation EGFR-TKI (afatinib) was validated in
a larger number of patients using real-world data. Patients
with double uncommon EGFR mutations and compound
mutations had longer PFS and OS than those with single
uncommon EGFR mutations. The survival of patients
harboring compound mutations or double uncommon
mutations was examined in a larger sample size of patients.
The proportion of patients with uncommon EGFR
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mutations (5% of EGFR mutations in our study) was
smaller than that reported previously (21-24). In this study,
patients with uncommon mutations who were treated
with targeted therapies had shorter OS than patients with
common mutations, with a median OS of 27 months.
Kuiper er al. enrolled 54 NSCLC patients with non-
classic EGFR mutations and found that patients with non-
classic EGFR mutations had a significantly shorter OS than
those with classic EGFR mutations with a median OS of
20.2 months (25). Consistently, Chiu et /. showed that
patients with uncommon EGFR mutations had a shorter OS
than those with common EGFR mutations, with a median
OS of 27.8 months (26). These results are consistent with
those of the present study. Shen ez a/. showed that afatinib
was effective in uncommon EGFR mutation patients,
resulting in a median PFS of 11.0 months (27). Patients
with uncommon EGFR mutations in this study could also
benefit from EGFR-TKIs, although the treatment efficacy
was lower than that in patients with common mutations.
We therefore examined the differences in the efficacy of
EGFR-TXKIs in uncommon mutation patients.

Of 132 uncommon mutation patients, those treated with
second-generation EGFR-TKIs had longer PFS than those
receiving first- or second-generation EGFR-TKIs, with a
median PFS of 9 months, although the difference was not
significant. In addition, we found significant differences in
OS between different generation EGFR-TKIs, as patients
treated with second-generation EGFR-TKIs had a longer
OS with a median OS not reached. Yang er al. reported
that afatinib was effective in 75 NSCLC patients carrying
uncommon EGFR mutations based on pooled analysis of
the LUX-Lung 2, LUX-Lung 3, and LUX-Lung 6 clinical
trials, with a median PFS of 10.7 months and a median OS
of 19.4 months (13). A clinical trial including 315 NSCLC
patients harboring uncommon EGFR mutations reported
by Yang er al. demonstrated the efficacy of afatinib, with
a median PFS of 10.8 months (28). Tanaka et 4l. enrolled
18 patients with uncommon EGFR mutations and showed
that afatinib was associated with higher ORR and DCR
than gefitinib or erlotinib (ORR: 75% wvs. 40%, DCR:
100% wvs. 80%); afatinib was also associated with longer PFS
(17.1 vs. 5.5 months) (29). Lau ez al. analyzed 16 uncommon
mutation patients and found that the median OS of those
treated with afatinib was 48.5 months and was longer than
that of patients treated with gefitinib or erlotinib (30).
The treatment efficacy of second-generation EGFR-TKIs
was confirmed by Zhang et 4. (31). We obtained similar
results using a larger real-world sample size of uncommon
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EGFR mutation patients to validate the treatment efficacy
of second-generation EGFR-TKIs (afatinib). Cho er 4l.
enrolled 37 patients in a clinical trial and found that
osimertinib had favorable activity in NSCLC patients
harboring uncommon EGFR mutations, with a median PFS
of 8.2 months and the median OS was not reached (14). Ji
et al. confirmed the efficacy of osimertinib in 51 uncommon
mutations patients (32). However, in this study, the median
PES and OS of the four patients treated with osimertinib
were 1.9 and 13 months, respectively, which was shorter
than those of patients treated with afatinib. The difference
between osimertinib and afatinib remained unclear because
of the limitations of sample size.

Of the 132 patients with uncommon EGFR mutations,
those with compound mutations and double uncommon
EGFR mutations had longer PFS and OS than those with
single uncommon EGFR mutation, although the difference
was not significant. Xu et /. demonstrated that patients with
compound mutations were sensitive to EGFR TKI therapy,
with a median PFS of 9.79 months in 95 uncommon
mutation patients (33). Chiu ez 4/. analyzed 19 patients with
double uncommon EGFR mutations and found significant
differences in PFS between those with double uncommon
EGFR mutations and those with single uncommon mutation
(11.9 vs. 6.5 months; P=0.010) (26). Passaro ez al. analyzed
46 patients treated with EGFR-TKIs and found that
Caucasian patients with compound mutations had better
PFS and OS than patients without (PFS: 12.9 vs. 7.9 months;
OS: 35.1 vs. 15.0 months) (34). This is consistent with the
present results, although the difference between compound
mutations and double uncommon mutations was not
significant and needs to be further evaluated.

Among 27 patients with primary EGFR T790M mutation,
those treated with third-generation agents had longer PFS
and OS. Li er al. demonstrated that the primary EGFR
T790M mutation frequently coexisted with L858R (18).
This is consistent with the present study, in which the
primary EGFR T790M mutation was more likely to
coexist with L858R (n=16) and accounted for 80% of
EGFR T790M compound mutations. The present results
suggesting that patients with primary T790M mutation
could benefit from third-generation EGFR-TKIs (median
PFS and OS of 12.2 and 25.3 months, respectively) are not
consistent with previous studies. The efficacy of second-
generation EGFR-TKIs towards the primary EGFR
T790M mutation as an uncommon mutation remains
unclear because of the limited sample size in this study.
In addition, physicians give priority to third-generation
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EGFR-TKIs in daily practice regardless of the mutation
type (primary or acquired T790M mutation).

Many factors affect OS outcomes, such as sample
size and follow-up treatments. This study had several
limitations, of which the main limitation was sample size.
Other limitations are as follows: first, the primary data
were obtained retrospectively, which may affect the results.
Second, the sample size of patients with uncommon EGFR
mutations was not adequate. Third, patients were recruited
from a single institution, which may result in sampling bias
and survival analysis bias.

In summary, patients with uncommon EGFR mutations
had shorter OS than those with common EGFR mutations,
and patients treated with second-generation EGFR-TKIs
had better PFS and OS outcomes. Patients harboring
compound mutations or double uncommon mutations
showed better clinical outcomes than those with single
uncommon mutation.
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