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Abstract

Background: Uncommon epidermal growth factor receptor (EGFR)-mutant non-small cell lung cancer (NSCLC) is a
rare subset of NSCLC. The aim of this study was to investigate the prevalence, characteristics, and clinical outcomes
of metastatic NSCLC harboring uncommon EGFR mutation at Thailand’s largest national tertiary hospital. The
secondary objective was to compare treatment efficacy between EGFR-tyrosine kinase inhibitor (EGFR-TKI) and
chemotherapy.

Methods: This retrospective chart review included patients that were tested for EGFR-mutation NSCLC during
2014-2018. Patient demographic and clinical data, treatment data, and outcome data were collected and analyzed.

Results: Of the 681 patients that were evaluated for EGFR mutation, 317 (47.0%) had EGFR-mutant NSCLC, and 28
(8.8%) of those harbored uncommon EGFR mutations. The median follow-up was 19.1 months. History of tobacco
use was reported in 50% of patients. The most common single mutation among uncommon EGFR was exon 20
insertion (n=6), followed by L861Q (n=5) and G719X (n =4). Thirteen (46%) patients had compound mutations.
One hundred percent of male patients with G719X mutation were smokers. Sixteen of 28 patients were treated
with EGFR-TKI. Most received first-generation EGFR-TKI, and 29% were treated with chemotherapy alone. The
objective response rate was 37.5% in the EGFR-TKI group. Median progression-free survival (PFS) in the EGFR-TKI
group was 10.2 months. Median PFS among the 8 patients in the chemotherapy group that received first-line
platinum doublet was 6.5 months. Three-year overall survival (OS) among 28 patients was 34%. Three-year OS was
significantly better in patients treated with EGFR-TKI.

Conclusions: Uncommon EGFR mutations was detected in 8.8% of EGFR-mutant NSCLC. Exon 20 insertion was the
most common mutation, and 50% of patients had history of tobacco use. First- or second-generation EGFR-TKI
demonstrated greater OS benefit than platinum-doublet chemotherapy among patients harboring uncommon
EGFR-mutant NSCLC. Survival outcomes were comparable to those reported from previous large cohort studies.
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Background

Non-small cell lung cancer (NSCLC) is the most com-
mon cancer, and is the second most common cause of
cancer-related death worldwide [1]. Studies in Asian
population revealed a prevalence of EGFR mutation of
40-60%, which is higher than the 10-30% reported in
Caucasian population [2, 3]. Standard systemic treatment
for patients with stage IIB/TV NSCLC with sensitizing epi-
dermal growth factor receptor (EGFR) mutation includes
either first-generation EGFR-tyrosine kinase inhibitor
(TKI) (gefitinib or erlotinib) or second-generation TKI
(afatinib). Third-generation TKI (osimertinib) is the most
recently approved agent, but it is not yet widely available
in Thailand. Previous phase III studies reported a response
rate by first- or second-generation EGFR-TKI of 50-60%,
with significantly longer progression-free survival (PES)
than platinum-doublet chemotherapy (CMT) [4-9]. The
majority of patients in those large cohort studies had com-
mon (sensitizing) EGFR mutation, with either deletion of
exonl9 (dell9) or point mutation Leu858Arg. In patients
harboring uncommon EGFR mutation, including singlet
uncommon or doublet/multiple (complex) mutations, the
prevalence of different types of mutations and the charac-
teristics of patients varied among cohorts and geographic
data range from 5 to 20% [3, 10-13]. The benefit of
EGFR-TKI treatment in patients with metastatic NSCLC
that harbor uncommon EGFR mutation is still being
investigated and debated [14, 15]. A study in Japanese
population found inferior overall survival in patients
treated with gefitinib compared to those treated with
CMT [4]. In contrast, studies from China showed compar-
able or superior survival outcome by first-generation
EGFR-TKI compared to CMT [15, 16]. The most recent
data from combined post-hoc analysis of the LUX-Lung 2,
3, and 6 trials revealed lower median overall survival (OS)
in patients treated with afatinib (19.4 months) compared
to those treated with platinum-doublet CMT (30.2
months) among patients with uncommon or complex
mutation [12].

Improved understanding of patients with metastatic
NSCLC that harbor uncommon EGFR mutation may
improve patient diagnosis, treatment, and outcomes. Ac-
cordingly, the aim of this study was to investigate the preva-
lence, characteristics, and clinical outcomes of metastatic
NSCLC harboring uncommon EGFR mutation at Siriraj
Hospital — Thailand’s largest national tertiary referral cen-
ter. The secondary objective was to compare treatment effi-
cacy in patients with this condition between EGFR-tyrosine
kinase inhibitor (EGFR-TKI) and chemotherapy.

Methods

Study design and patient selection

This retrospective study included patients diagnosed
with stage IIIB-IV non-small cell lung cancer who were
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tested for EGFR-mutation at the Faculty of Medicine
Siriraj Hospital, Mahidol University, Bangkok, Thailand
during the 1 January 2014 to 31 December 2018 study
period. All included patients received one of the follow-
ing five treatments: gefitinib, erlotinib, afatinib, chemo-
therapy or best supportive care. Patients having one or
more of the following were excluded: no follow-up data,
no post-treatment imaging, and/or received tyrosine kin-
ase inhibitor prior to molecular testing. The following
patient demographic, clinical, and molecular characteris-
tics were collected: age, gender, smoking status, hist-
ology, specimen type, mutation type, type of EGFR-TKI,
line of TKI treatment, line of chemotherapy treatment,
and subsequent targeted therapy. Progression-free sur-
vival (PFS) was defined as the interval from the first day
of treatment by EGFR-TKI in the TKI group, and the
first date of treatment by first-line platinum doublet
chemotherapy in the CMT group until progression of
disease or date of death from any cause (whichever oc-
curred first). Overall survival was defined as the interval
between the date of diagnosis of stage IIIB/IV (in-
curable) NSCLC and the date of death from any cause.

EGFR mutation testing

All mutation testing of specimens was performed at the
Clinical Molecular Pathology Laboratory, Department of
Clinical Pathology, Faculty of Medicine Siriraj Hospital,
Mahidol University. Analysis of EGFR mutation status in
tissue and plasma samples was performed using cobas
EGFR Mutation Test (F. Hoffmann-La Roche, Switzerland)
or validated in-house allele specific PCR assays (reference:
http://www.ncbi.nlm.nih.gov/pubmed/24370549).

Statistical analysis

Data analysis was performed using SPSS Statistics ver-
sion 21 (SPSS, Inc., Chicago, IL, USA). Patient character-
istics and treatment outcomes are described using
descriptive statistics. Categorical variables are reported
as frequency and percentage. Continuous variables are
reported as mean * standard deviation for normally dis-
tributed variables, and as median and range (minimum
and maximum) for non-normally distributed data.
Kaplan-Meier survival analysis was used to estimate
overall survival (OS) and progression-free survival (PES),
with comparison between groups by log-rank test. In
order to identify variables independently associated with
OS and PFS, variables with a p-value< 0.05 in univariate
analysis were included in multivariate analysis by Cox
proportional hazard regression. A two-tailed p-value less
than 0.05 was considered statistically significant for all
tests. The 4 patients who received best supportive care
only were excluded from progression-free and overall
survival analysis.
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Results

Baseline characteristics

Of the 681 patients that were evaluated for EGFR muta-
tion, 317 (47.0%) had EGFR-mutant NSCLC, and 28
(8.8%) of those harbored uncommon EGFR mutations.
Eighteen (64%) of 28 patients were male. The median
age at diagnosis was 67 (range: 53—-80) years. Twenty-
four of 28 (85.7%) were stage 4 at the first diagnosis.
History of tobacco use was found in 50% of patients.
The majority of histology was adenocarcinoma, with
only one specimen found to be squamous cell carci-
noma. ECOG 0-1 was equal between TKI and chemo-
therapy group (15 of 16 and 7 of 8, respectively). 64%
presented with extra-pulmonary metastasis, and 17%
had a CNS metastasis. Five of 28 specimens were plasma
only. Fifteen patients had single mutation, and 13
patients had complex or compound mutation. The most
common single mutation was exon20 insertion
(Ex20Ins) (n =6), followed by Leu861GIn (L861Q) (n=
5) and Gly719Xaa (G719X) (n=4). Of the 13 patients
with compound mutations, 4 had G719X plus Ser768lle
(S768I), 4 had de novo T790 M plus either Leu858Arg
(L858R) or deletion(del)19, 2 had L858R plus dell9, 1
had L858R plus Ex20Ins, 1 had del19 plus KRAS muta-
tion in treatment-naive, and 1 with Gly719Xaa plus
E709A was found in squamous cell carcinoma. None of
S7681 mutation specimens were singlet (Table 1). Ac-
cording to the mutation subtype, Ex20Ins mutation had
a higher female to male ratio compare to others, and all
of these patients had an extra-pulmonary metastasis.
100% of male patients with G719X mutation were
smokers (Table 2).

Treatment outcome

The median follow-up was 19.1 months. Sixteen of 28
(57%) patients were treated with EGFR-TKI, as follows:
8 with erlotinib, 6 with gefinitib, and 2 with afatinib. No
patients with Ins20 mutation received EGFR-TKI. Seven
patients received TKI as first-line treatment, and 7 and 2
patients received TKI as second- and third-line treat-
ment, respectively. Three of four patients with de novo
T790 M received EGFR-TKI (gefitinib or erlotinib). Eight
patients (29%) received platinum doublet chemotherapy
without TKI exposure, and 4 patients received best sup-
portive care. Median overall survival (OS) in all patients
was 18.9 months (range: 0.37-73.6). Median OS in the
TKI and CMT groups was 23.6 and 15.9 months, re-
spectively. The 3-year OS rate was significantly higher in
the TKI group than in the CMT group (53% vs. 17%,
respectively; p = 0.014 by log-rank test) (Fig. 1). Median
progression-free survival (mPFS) in the TKI group was
10.2 months. The PFS was 7.8 months in patients who
received TKI as a first-line treatment. Regarding PFS by
mutation subtype, the longest PFS (22.5 months) was
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observed in a patient that harbored G719X plus S768I
that was treated with erlotinib as third-line therapy. In
the 3 patients with de novo T790 M mutation combined
with deletion19 that received TKI, the PFS was 6.5, 9.7,
and 11.8 months, respectively. Two of those 3 patients
received subsequent osimertinib, and their OS was 22.8
and 73.6 months, respectively. The patient with dell9
plus L858R had acquired T790 M mutation that received
subsequent osimertinib had an OS of 67.8 months. One
patient with squamous cell carcinoma that harbored
G719X plus E709A had PFS of 17.6 months (Table 3).
No significant difference in mPFS was observed between
single and compound mutation in whom treated with
TKI using Cox proportional hazard regression (Table 4).
The objective response rate (ORR) defined as complete or
partial response (CR/PR) by RECIST criteria was 37.5% (6
of 16 patients) and the clinical benefit rate was 68.7% (11
of 16 patients) in the TKI group (Fig. 2). The mPFS among
the 8 patients that received first-line platinum doublet in
the chemotherapy group was 6.5 months.

Correlation analysis

Univariate and multivariate analysis using Cox propor-
tional hazard regression was performed to identify factors,
including gender, smoking status, mutation subtype, and
line of TKI therapy, that are independently associated with
survival outcome in patients that received TKI therapy.
No significant difference or association was observed.
Multivariate analysis was not performed due to no signifi-
cant difference in univariate analysis (Table 4).

Discussion

EGEFR tyrosine kinase inhibitors are globally established
as a first-line treatment for advanced non-small cell lung
cancer patients with a sensitizing EGFR mutation. Muta-
tions of exon 21 Leu858Arg and exon 19 deletion are
generally sensitive to all generations of EGFR-TKI, but
the effect and benefit of EGFR-TKI in NSCLC harboring
uncommon or compound EGFR mutations is less clear.
The low prevalence and heterogeneity of mutational
subtypes limits the ability of clinical trials to develop
paradigms for standard treatment. Previous studies re-
ported response rates by first-generation EGFR-TKI that
ranged from 23.3-66.6% [13, 17-20]. The aim of this
study was to investigate the prevalence, characteristics,
and clinical outcomes of metastatic NSCLC harboring
uncommon EGFR mutation, to compare treatment
efficacy in patients with this condition between EGFR-
tyrosine kinase inhibitor (EGFR-TKI) and chemotherapy.
This study revealed a prevalence of EGFR mutation of
47%, which was comparable to the rates reported from
previous studies [2]. However, the prevalence of uncom-
mon or combined mutation was 8.8%, which is lower
than the 13.9% that was reported from a large Chinese
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Characteristics Total (n=28) EGFR-TKI (n=16) Chemotherapy alone (n = 8) Best supportive care (n=4)
Age (years), median (range) 68 (53-80) 67.5 (53-80) 67.5 (54-75) 75 (68-79)
Gender, n (%)
Female 10 (35.7) 4(14.2) 4(14.2) 2(7.0)
Male 18 (64.2) 12 (42.8) 4(142) 2(7.1)
ECOG
- 0-1 23 (82.1) 15 (53.5) 7 (25.0) 1(35)
-2 2(7.1) 0 (0) 1(35) 1(3.5)
-3 3(10.7) 1(3.5) 0(0) 2(7.0)
Stage at diagnosis
I 1(3.5) 0 (0) 1 0(0)
Il 0(35) 00 0(0) 0(0)
A 135) 0(0) 0 135)
1B 2(7.0) 2(7.0) 0(0) 0(0)
% 24 (85.7) 14 (50) 7 (25) 3(10.7)
Specimen/site biopsy, n (%)
Lung parenchyma 11 (39.2) 7 (25) 3(10.7) 1 (3.5
Pleural nodule 6 (21.4) 3(10.7) 2(7.0) 1 (3.5
Lymph node 1(35) 1(35) 0(0) 0(0)
Bone 1(3.5) 1(3.5) 0(0) 0(0)
Other 1@3.5) 1(3.5) 0(0) 0 (0)
Cytology 3(10.7) 2(7.1) 1(3.5) 0(0)
Plasma only 5(17.8) 2(7.0) 2(7.1) 1 (3.5
Smoking status, n (%)
Never smoked 14 (50) 8 (285) 4(14.2) 2(7.)
Ex-smoker/smoker 14 (50) 8 (2815) 4(14.2) 2(7.1)
Histology, n (%)
Adenocarcinoma 27 (96.4) 15 (53.5) 8 (285) 4(14.2)
Squamous cell 1(3.5) 1(3.5) 0 (0) 0 (0)
Extra- pulmonary metastasis, n (%) 18 (64.2) 10 (35.7) 7 (25) 1 (3.5)
Present of CNS metastasis, n (%) 5(17.8) 1 (3.5) 4 (14.2) 0 (0)
Mutation subtypes, n (%)
Single mutation
Exon 20 insertion 6(214) 0 (0) 5(17.8) 1 (3.5)
Exon 21 L861Q 5(17) 4(14.2) 135 0 (0)
Exon 18 G719X 4(14.2) 3(10.7) 0 (0) 1(35)
Compound mutation
G719X+ Exon 20 S768| 4(14.2) 2(7.0) 0(0) 2(7.0)
De novo T790 M + L858R 1(35) 0 (0) 1(35) 0(0)
De novo T790 M + del19 3(10.7) 3(10.7) 0(0) 0 (0)
L858R + del19 2(7.0) 2(7.0) 0(0) 0(0)
L858R + Ex20Ins 1(3.5) 0 (0) 1(3.5) 0(0)
Del19 + KRAS 1(35) 135 0(0) 0(0)
G719X + E709A 1(35) 135 0 (0) 0 (0)
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Table 1 Baseline characteristics and pathology of patients with uncommon EGFR mutations (Continued)

Characteristics Total (n=28) EGFR-TKI (n=16) Chemotherapy alone (n = 8) Best supportive care (n=4)
EGFR-TKI, n (%)
Erlotinib 8 (28.5)
Gefitinib 6(214)
Afatinib 2 (7.0
Line of TKI treatment, n (%)
First-line 7 (25)
Second-line 7 (25)
Third-line or later 270
Subsequent osimertinib, n (%)
Del19 + L858R with acquire T790 M 1(3.5)
De novo T790 M + del19 2.0

study [12, 16]. The prevalence of uncommon or com-
bined mutation in North America and Europe was re-
ported to range from 5 to 20% [8, 21]. The most
frequent single uncommon mutation in this study was
exon20 insertion (21%; 6 of 28), followed by L861Q
(18%; 5 of 28), which is consistent with the percentages
reported in the LUX-Lung 3 and 6 studies [12]. The
median progression-free survival in our TKI cohort was
10.2 months, which is similar to the TKI group of Asian
population in the Lux-Lung 3 and Lux-Lung 6 joint
study, but slightly longer than the rates reported from
most Caucasian studies [12, 20, 21]. The objective re-
sponse rate of 37.5% and the clinical benefit rate of 68.7%
was comparable to the previous studies [12, 13, 16].

In patients with L861Q mutation, The previous studies
reported a median PFS ranging from 1.9-8.2 months
[12, 16], which comparable to 11.7 months of our study.

Table 2 Clinical characteristics by EGFR mutation subtypes

In the present study, patients with mutation at S768]I,
which was reported to be a potential EGFR-TKI sensitiz-
ing NSCLC, had PFS that ranged from 7.8 to 22.5
months, which is consistent with the PFS ranges ob-
served in previous studies [16, 22]. None of the S768I
mutation cases had single mutation, and they coexisted
with G719X in every case, which is similar to previous
reports [11, 22, 23]. We observed a PFS range of 0.5-2.8
in patients with single G719X mutation, which is shorter
than previously published ranges [16, 23, 24]. The PFS
range in patients harboring doublet G719X mutation
plus others was 7.8—22.5 months, which is longer than
the range found in a large study by Shi, et al. (range:
1-8.6 months) [16].

We also observed in our study a patient with a very
rare doublet mutation of G719X plus E709A within a
squamous cell carcinoma specimen obtained by core

Single mutation

Compound mutation

G719X (n=4) 1861Q (n=5) Exon 20 Ins (n=6) Combine with uncommon Del19 plus L858R (n=2) Combine with de novo
mutation (n=7)? T790M (n=4)

Median age (years) 72.5 69 68.5 68 59 and 80 65
Sex

Female 1 1 4 2 0 2

Male 3 4 2 5 2 2
Smoking history

Yes 3 3 2 4 1 1

No 1 2 4 3 1 3
Extra-pulmonary metastasis

Yes 2 2 6 1 1 4

No 2 3 0 3 1
Present of CNS metastasis

Yes 1 1 0 1 0 2

No 3 4 6 6 2 2

%4 of G719X plus S768l, 1 of G719X plus E709A, 1 of L858R plus Exon20Ins and 1 of del19 plus KRAS mutant
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needle biopsy, and that patient had PFS of 17.6 months.
In vitro evidence suggests that compound E709A re-
duced the efficacy of TKI when compared to G719X
alone [25-27]. However, Jenn Y, et al. reported 2 cases
of adenocarcinoma with G719C plus E709A mutation
that responded to first-generation EGFR-TKI, with PFS
7.3 and 14.9 months, respectively [28]. Combined G719
plus E709 mutation within squamous cell specimen has
not been previously reported.

Del19 plus KRAS mutation was also found in one
patient in the present study. This combination mutation
is thought to be exclusive to EGFR-mutation NSCLC
and it is generally resistant to EGFR-TKI, with a preva-
lence of less than 1% [3, 29-32]. However, our patient
had partial response for a PFS of 11.9 months, which is

Table 3 Treatment outcome according to mutation subtype in
patients treated with EGFR-TKI

Mutation subtype

PFS range (months)*

De novo T790 M plus del19 (n = 3) 65-11.8
L861Q (n=4) 1.2-126
G719X (n=3) 0.5-28
G719X plus S768l (n=2) 7.8-225
G719X plus E709A (n=1) 17.6
Del19 plus L858R (n=2) 13.3-164
Del19 plus KRAS (n=1) 119

Abbreviations: PFS progression-free survival
*According to RECIST (response evaluation criteria in solid tumors) criteria

consistent with previous case series that reported dur-
able disease control ranging from 9 to 29 months by
gefitinib and erlotinib [17, 33, 34]. The percentage of
KRAS-mutant clones within the tumor, and the type of
variant of KRAS-mutant codon were proposed to be
factors that impact heterogeneous outcome, but no clear
association could be established [33-36].

The impact of de novo T790 M on the responsiveness
of first- and second-generation EGFR-TKI has been
widely established. Pre-treated T790 M-positive NSCLC
was associated with decreased PFS compared to NSCLC
without T790 M [37, 38]. Our study showed 3 patients
with PES of 6.5, 9.7, and 11.8 months, respectively, by
first-generation EGFR-TKI. The variation in PFS among
patients with de novo T790 M was also reported in
EURTAC subanalysis [38].

The insertion 20 mutation was reported to be an
EGFR-TKI-resistant mutation in the previous study
[39, 40]. None of our patient was treated with TKI.

Table 4 Univariate analysis for PFS after EGFR-TKI treatment

Variable 95% Cl p value
Age: < 65 vs. > 65 years 0.10-1.74 0.23
Sex: male vs. female 045-30.31 0.21
History of smoking: yes vs. no 0.12-1.99 032
Mutation: single vs. compound 0.13-3.82 0.70
Line of TKI treatment: first vs. later line 0.33-4.70 0.74
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Mutation subtype

19 del de novo T790M_pt3
1861Q_pt1

G719X_pt2
G719X and E709A
L861Q_pt3

G719X_pt1

G719X plus S768I_ptl

19 del plus L858R_pt1
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del19 and KRAS mutant

19 del de novo T790M_pt1
L861Q_pt4

L861Q_pt2

19 del de novo T790M_pt2

10 0 -10

-20 -30 -40 -50 -60 -70
Response by RECIST (percent)

patient case4

pleural effusion (data not show)

Abbreviation: 19 del de novo T790M, deletion of exon19 plus de novo T790M; pt1, patient casel; pt2, patient case2; pt3, patient case3; pt4,

Remark: Two patients (L861Q_pt2 and L861Q_pt4) had zero percent response by RECIST criteria
One patient with 19 del plus L858R had stable disease by bone scan, and one patient with G719X had non-measurable nodules with

Fig. 2 Best response to EGFR-TKI by RECIST criteria according to mutation subtype (n = 14). Abbreviation: 19 del de novo T790M deletion of
exon19 plus de novo T790M, pt] patient casel, pt2 patient case2, pt3 patient case3, pt4 patient case4. Remark: Two patients (L861Q_pt2 and
1861Q_pt4) had zero percent response by RECIST criteria One patient with 19 del plus L858R had stable disease by bone scan, and one patient
with G719X had non-measurable nodules with pleural effusion (data not show)

Most studies of uncommon mutation reported only
rare subtype or combine rare subtype with sensitizing
mutation. In our study, we also found doublet common
mutation of deletion 19 plus L858R. Two patients with
these mutations in our study had a slightly longer DFS
(13.3 and 16.4 months) than in single mutation either del19
or L858R EGFR mutant NSCLC, which reported in the
previous phase 3 studies (9.5-13.6 months) [5, 7, 12, 41].

Regarding patients in the chemotherapy group, the
median progression-free survival in first-line platinum
doublet treatment was 6.5 months, which is comparable
with previous reports [7, 12, 16]. For overall survival, the
median OS of all 28 uncommon mutation patients was
18.9 months. By treatment group, the median OS in the
TKI group and the CMT group was 23.6 months and 15.9
months, respectively, which is comparable with the rates
reported from previous large-scale studies [3, 12, 13, 16].

We used univariate and multivariate analyses to iden-
tify factors independently associated with survival out-
come. Previous study revealed that doublet or multiple
EGFR mutation associated with similar or poorer PFS by
TKI treatment compared to singlet uncommon mutation
(16, 18, 23, 24, 42]. We included factors like age, line of
TKI treatment, and mutation subtype in our analysis,

but none of these factors significantly associated with
PES outcome.

Limitations

This study has some mentionable limitations. First, the
retrospective nature of this study makes it vulnerable to
incomplete or missing data. Second, the uncontrolled
line of treatment between TKI and CMT permitted us
to report only PFS for the TKI group compared to the
PFES results reported from previous studies, but not
compared to the PFS results from our CMT group. We,
therefore, were unable to determine if there was any
benefit of TKI over CMT relative to PFS. Third, we
could not evaluate the impact of a number of sub-
sequent treatment lines in each arm of patients due to
incomplete follow-up data outside our hospital after
referral. Forth and last, three of the patients that we
included that had either de novo or acquired T790 M (2
patients) or acquired T790 M in doublet mutation del19
plus L858R (1 patient) were treated with subsequent
osimertinib. The OS of these 3 patients ranged from
22.8-73.6 months, and this could have skewed the OS
rate in the TKI group.
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Conclusion

Uncommon EGFR mutations was detected in 8.8% of
EGFR-mutant NSCLC. Exon 20 insertion was the most
common mutation, and 50% of patients had history of
tobacco use. First- or second-generation EGFR-TKI
demonstrated greater OS benefit than platinum-doublet
chemotherapy among patients harboring uncommon
EGFR-mutant NSCLC. Survival outcomes were comparable
to those reported from previous large cohort studies.

Abbreviations

CMT: Chemotherapy; del19: deletion of exon19; EGFR: Epidermal growth
factor receptor; G719X: Gly719Xaa; L861Q: Leu861GIn; NSCLC: Non-small cell
lung cancer; OS: Overall survival; PFS: Progression-free survival; S768l: Ser768lle;
TKI: Tyrosine kinase inhibitor

Acknowledgements

The authors gratefully acknowledge Miss Khemajira Karaketklang of the
Department of Medicine, Faculty of Medicine Siriraj Hospital, Mahidol
University for assistance with statistical analysis.

Authors’ contributions

JC, NP, PD and ST collected, analyzed, and interpreted the patient data. JC
and NP contributed to the critical revision of the manuscript. NP, PD, and ST
supervised the project and edited the manuscript. All authors read and
approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate

Given that this is a retrospective chart review study, we did not obtain
written nor verbal informed consents from the patients in this study. The
present study was approved by the Institutional Review Board of Siriraj
Hospital, Mahidol University (reference number: 160/2018).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Division of Medical Oncology, Department of Medicine, Faculty of Medicine
Sitiraj Hospital, Mahidol University, Bangkok, Thailand. *Clinical Molecular
Pathology Laboratory, Department of Clinical Pathology, Faculty of Medicine
Siriraj Hospital, Mahidol University, Bangkok, Thailand.

Received: 19 February 2019 Accepted: 9 July 2019
Published online: 17 July 2019

References

1. Bray F, Ren JS, Masuyer E, Ferlay J. Global estimates of cancer prevalence for
27 sites in the adult population in 2008. Int J Cancer. 2013;132(5):1133-45.

2. Midha A, Dearden S, McCormack R. EGFR mutation incidence in non-small-
cell lung cancer of adenocarcinoma histology: a systematic review and
global map by ethnicity (mutMapll). Am J Cancer Res. 2015;5(9):2892.

3. Guibert N, Barlesi F, Descourt R, Léna H, Besse B, Beau-Faller M, et al.
Characteristics and outcomes of patients with lung cancer harboring
multiple molecular alterations: results from the IFCT study biomarkers
France. J Thorac Oncol. 2017;12(6):963-73.

4. Inoue A, Kobayashi K, Maemondo M, Sugawara S, Oizumi S, Isobe H, et al.
Updated overall survival results from a randomized phase Il trial comparing
gefitinib with carboplatin—paclitaxel for chemo-naive non-small cell lung cancer
with sensitive EGFR gene mutations (NEJO02). Ann Oncol. 2012,24(1):54-9.

20.

22.

23.

Page 8 of 9

Mok TS, Wu Y-L, Thongprasert S, Yang C-H, Chu D-T, Saijo N, et al. Gefitinib
or carboplatin—paclitaxel in pulmonary adenocarcinoma. N Engl J Med.
2009;361(10):947-57.

Wu Y-L, Zhou C, Hu C-P, Feng J, Lu S, Huang Y, et al. Afatinib versus
cisplatin plus gemcitabine for first-line treatment of Asian patients with
advanced non-small-cell lung cancer harbouring EGFR mutations (LUX-lung
6): an open-label, randomised phase 3 trial. Lancet Oncol. 2014;15(2):213-22.
Yang JC-H, Wu Y-L, Schuler M, Sebastian M, Popat S, Yamamoto N, et
al. Afatinib versus cisplatin-based chemotherapy for EGFR mutation-
positive lung adenocarcinoma (LUX-lung 3 and LUX-lung 6): analysis of
overall survival data from two randomised, phase 3 trials. Lancet Oncol.
2015;16(2):141-51.

Barlesi F, Mazieres J, Merlio J-P, Debieuvre D, Mosser J, Lena H, et al. Routine
molecular profiling of patients with advanced non-small-cell lung cancer:
results of a 1-year nationwide programme of the French cooperative
thoracic intergroup (IFCT). Lancet. 2016;387(10026):1415-26.

Zhou C, Wu Y-L, Chen G, Feng J, Liu X-Q, Wang C, et al. Erlotinib
versus chemotherapy as first-line treatment for patients with advanced
EGFR mutation-positive non-small-cell lung cancer (OPTIMAL, CTONG-
0802): a multicentre, open-label, randomised, phase 3 study. Lancet
Oncol. 2011;12(8):735-42.

Klughammer B, Brugger W, Cappuzzo F, Ciuleanu T, Mok T, Reck M, et al.
Examining treatment outcomes with Erlotinib in patients with advanced
non-small cell lung cancer whose Tumors Harbor uncommon EGFR
mutations. J Thorac Oncol. 2016;11(4):545-55.

Chen Z, Feng J, Saldivar J, Gu D, Bockholt A, Sommer S. EGFR somatic
doublets in lung cancer are frequent and generally arise from a pair of
driver mutations uncommonly seen as singlet mutations: one-third of
doublets occur at five pairs of amino acids. Oncogene. 2008;27(31):4336.
Yang JC, Sequist LV, Geater SL, Tsai C-M, Mok TSK, Schuler M, et al. Clinical
activity of afatinib in patients with advanced non-small-cell lung cancer
harbouring uncommon EGFR mutations: a combined post-hoc analysis of
LUX-lung 2, LUX-lung 3, and LUX-lung 6. Lancet Oncol. 2015;16(7):830-8.
Pilotto S, Rossi A, Vavala T, Follador A, Tiseo M, Galetta D, et al. Outcomes of
first-generation EGFR-TKIs against non-small-cell lung cancer harboring
uncommon EGFR mutations: a post hoc analysis of the BE-POSITIVE study.
Clin Lung Cancer. 2018;19(1):93-104.

Lohinai Z, Hoda MA, Fabian K, Ostoros G, Raso E, Barbai T, et al. Distinct
epidemiology and clinical consequence of classic versus rare EGFR
mutations in lung adenocarcinoma. J Thorac Oncol. 2015;10(5):738-46.

Xu J, Jin B, Chu T, Dong X, Yang H, Zhang Y, et al. EGFR tyrosine kinase
inhibitor (TKI) in patients with advanced non-small cell lung cancer (NSCLC)
harboring uncommon EGFR mutations: a real-world study in China. Lung
Cancer. 2016,96:87-92.

ShiJ, Yang H, Jiang T, Li X, Zhao C, Zhang L, et al. Uncommon EGFR mutations
in a cohort of Chinese NSCLC patients and outcomes of first-line EGFR-TKIs
and platinum-based chemotherapy. Chin J Cancer Res. 2017;29(6):543.

Ulivi P, Chiadini E, Dazzi C, Dubini A, Costantini M, Medri L, et al.
Nonsquamous, non-small-cell lung cancer patients who carry a double
mutation of EGFR, EML4-ALK or KRAS: frequency, clinical-pathological
characteristics, and response to therapy. Clin Lung Cancer. 2016;17(5):384-90.
Barnet MB, OToole S, Horvath LG, Selinger C, Yu B, Ng CC, et al. EGFR-co-
mutated advanced NSCLC and response to EGFR tyrosine kinase inhibitors.
J Thorac Oncol. 2017;12(3):585-90.

Oikawa T, Ohira T, Otani K, Hagiwara M, Konaka C, Ikeda N. Clinical
usefulness of gefitinib for non-small-cell lung cancer with a double epidermal
growth factor receptor mutation. Mol Clin Oncol. 2015;3(2):329-33.
Beau-Faller M, Prim N, Ruppert A-M, Nanni-Metellus |, Lacave R, Lacroix L, et
al. Rare EGFR exon 18 and exon 20 mutations in non-small-cell lung cancer
on 10 117 patients: a multicentre observational study by the French
ERMETICHIFCT network. Ann Oncol. 2013;25(1):126-31.

O'Kane GM, Bradbury PA, Feld R, Leighl NB, Liu G, Pisters K-M, et al.
Uncommon EGFR mutations in advanced non-small cell lung cancer. Lung
Cancer. 2017;109:137-44.

Hellmann MD, Reva B, Yu H, Rusch VW, Rizvi NA, Kris MG, et al. Clinical and
in vivo evidence that EGFR S768| mutant lung adenocarcinomas are
sensitive to erlotinib. J Thorac Oncol. 2014,9(10).e73-e4.

Wu J-Y, Yu C-J, Chang Y-C, Yang JC-H, Shih J-Y, Yang P-C. Effectiveness of
tyrosine kinase inhibitors on uncommon epidermal growth factor receptor
mutations of unknown clinical significance in non-small cell lung cancer.
Clin Cancer Res. 2011;17:3812-21.



Chantharasamee et al. BMC Cancer

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

(2019) 19:701

Zhu X, Bai Q, Lu Y, Qi P, Ding J, Wang J, et al. Response to tyrosine kinase
inhibitors in lung adenocarcinoma with the rare epidermal growth factor
receptor mutation S768l: a retrospective analysis and literature review.
Target Oncol. 2017;12(1):81-8.

Tam 1Y, Leung EL, Tin VP, Chua DT, Sihoe AD, Cheng LC, Chung LP, Wong
MP. Double EGFR mutants containing rare EGFR mutant types show
reduced in vitro response to gefitinib compared with common activating
missense mutations. Mol Cancer Ther. 2009;8:2142-51.

Kobayashi S, Canepa HM, Bailey AS, Nakayama S, Yamaguchi N, Goldstein
MA, et al. Compound EGFR mutations and response to EGFR tyrosine kinase
inhibitors. J Thorac Oncol. 2013;8(1):118-22.

Zhang Y, Wang Z, Hao X, Hu X, Wang H, Wang Y, et al. Clinical
characteristics and response to tyrosine kinase inhibitors of patients with
non-small cell lung cancer harboring uncommon epidermal growth factor
receptor mutations. Chin J Cancer Res. 2017,29(1):18.

Wu J-Y, Shih J-Y. Effectiveness of tyrosine kinase inhibitors on uncommon
E709X epidermal growth factor receptor mutations in non-small-cell lung
cancer. Onco Targets Ther. 2016;9:6137.

Massarelli E, Varella-Garcia M, Tang X, Xavier AC, Ozburn NC, Liu DD, et al.
KRAS mutation is an important predictor of resistance to therapy with
epidermal growth factor receptor tyrosine kinase inhibitors in non-small-
cell lung cancer. Clin Cancer Res. 2007;13(10):2890-6.

Linardou H, Dahabreh 1J, Kanaloupiti D, Siannis F, Bafaloukos D,
Kosmidis P, et al. Assessment of somatic k-RAS mutations as a
mechanism associated with resistance to EGFR-targeted agents: a
systematic review and meta-analysis of studies in advanced non-small-
cell lung cancer and metastatic colorectal cancer. Lancet Oncol. 2008;
9(10):962-72.

Benesova L, Minarik M, Jancarikova D, Belsanova B, Pesek M. Multiplicity
of EGFR and KRAS mutations in non-small cell lung cancer (NSCLC)
patients treated with tyrosine kinase inhibitors. Anticancer Res. 2010;
30(5):1667-71.

Takeda M, Okamoto |, Fujita Y, Arao T, Ito H, Fukuoka M, et al. De novo
resistance to epidermal growth factor receptor-tyrosine kinase inhibitors in
EGFR mutation-positive patients with non-small cell lung cancer. J Thorac
Oncol. 2010;5(3):399-400.

Lee T, Lee B, Choi Y-L, Han J, Ahn M-J, Um S-W. Non-small cell lung cancer
with concomitant EGFR, KRAS, and ALK mutation: clinicopathologic features
of 12 cases. J Pathol Transl Med. 2016;50(3):197.

Roman M, Baraibar |, Lopez I, Nadal E, Rolfo C, Vicent S, et al. KRAS
oncogene in non-small cell lung cancer: clinical perspectives on the
treatment of an old target. Mol Cancer. 2018;17(1):33.

Fiala O, Pesek M, Finek J, Benesova L, Belsanova B, Minarik M. The dominant
role of G12C over other KRAS mutation types in the negative prediction of
efficacy of epidermal growth factor receptor tyrosine kinase inhibitors in
non-small cell lung cancer. Cancer Genet. 2013;206(1):26-31.

Metro G, Chiari R, Duranti S, Siggillino A, Fischer MJ, Giannarelli D, et al.
Impact of specific mutant KRAS on clinical outcome of EGFR-TKI-treated
advanced non-small cell lung cancer patients with an EGFR wild type
genotype. Lung Cancer. 2012;78(1):81-6.

Liu'Y, Sun L, Xiong Z-C, Sun X, Zhang S-L, Ma J-T, et al. Meta-analysis of the
impact of de novo and acquired EGFR T790M mutations on the prognosis
of patients with non-small cell lung cancer receiving EGFR-TKIs. Onco
Targets Ther. 2017;10:2267.

Costa C, Molina-Vila MA, Drozdowskyj A, Gimenez-Capitan A, Bertran-
Alamillo J, Karachaliou N, et al. The impact of EGFR T790M mutations and
BIM mRNA expression on outcome in patients with EGFR-mutant NSCLC
treated with erlotinib or chemotherapy in the randomized phase Ill EURTAC
trial. Clin Cancer Res. 2014;,20:2001-10.

Naidoo J, Sima CS, Rodriguez K, Busby N, Nafa K, Ladanyi M, et al.
Epidermal growth factor receptor exon 20 insertions in advanced lung
adenocarcinomas: clinical outcomes and response to erlotinib. Cancer.
2015;121(18):3212-20.

Byeon S, Kim Y, Lim SW, Cho JH, Park S, Lee J, et al. Clinical outcomes of
EGFR exon 20 insertion mutations in advanced non-small cell lung Cancer
in Korea. Cancer Res Treat. 2019;51:623-31.

Rosell R, Carcereny E, Gervais R, Vergnenegre A, Massuti B, Felip E, et al.
Erlotinib versus standard chemotherapy as first-line treatment for European
patients with advanced EGFR mutation-positive non-small-cell lung cancer
(EURTAQ): a multicentre, open-label, randomised phase 3 trial. Lancet Oncol.
2012;13(3):239-46.

42.

Page 9 of 9

Bria E, Pilotto S, Amato E, Fassan M, Novello S, Peretti U, et al. Molecular
heterogeneity assessment by next-generation sequencing and response to
gefitinib of EGFR mutant advanced lung adenocarcinoma. Oncotarget. 2015;
6(14):12783.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design and patient selection
	EGFR mutation testing
	Statistical analysis

	Results
	Baseline characteristics
	Treatment outcome
	Correlation analysis

	Discussion
	Limitations

	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

