Received: 10 September 2019

Revised: 5 December 2019

Accepted: 7 December 2019

DOI: 10.1111/cas.14277

ORIGINAL ARTICLE

Cancer Science Ri4ina%

Potential mechanism of primary resistance to icotinib in
patients with advanced non-small cell lung cancer harboring
uncommon mutant epidermal growth factor receptor:

A multi-center study

Lei Lei' | Wen-xian Wang! | You-cai Zhu? | Jin-luanLi® | Yong Fang* |

Hong Wang® | Wu Zhuang® | Yin-bin Zhang’ | Li-ping Wang® | Mei-yu Fang® |

Chun-wei Xu’

1Department of Chemotherapy, Chinese
Academy of Sciences University Cancer
Hospital (Zhejiang Cancer Hospital),
Hangzhou, China

’Department of Thoracic Disease Center,
Zhejiang Rongjun Hospital, Jiaxing, China
3Department of Radiotherapy, Xiamen
Cancer Hospital, The First Affiliated
Hospital of Xiamen University, Xiamen,
China

“Department of Oncology, Sir Run Run Shaw
Hospital, Hangzhou, China

5Department of Lung Cancer, The Fifth
Medical Center, General of PLA, Beijing,
China

%Department of Medical Oncology, Fujian
Provincial Cancer Hospital, Fujian Medical
University Cancer Hospital, Fuzhou, China

’Department of Oncology, The Second
Affiliated Hospital of Medical College, Xi'an
Jiaotong University, Xi'an, China

8Department of Oncology, Baotou Cancer
Hospital, Baotou, China

“Department of Pathology, Fujian Cancer
Hospital, Fujian Medical University Cancer
Hospital, Fuzhou, China

10Department of Respiratory Medicine,
Jinling Hospital, Nanjing, China

Correspondence

Chun-wei Xu, Department of Pathology of
Fujian Provincial Cancer Hospital, Fujian
Medical University, No. 420, Fuma Road,
Fuzhou, Fujian Province 350014, China.
Email: xuchunweibbb@163.com

| Xiao-jia Wang! | Tang-feng Lv®

| Yong Song?®

Abstract

The incidence of epidermal growth factor receptor uncommon mutation (EGFRum) is
relatively low and patients harboring EGFRum are resistant to the first-generation ty-
rosine kinase inhibitors (TKI). However, the mechanism of primary resistance remains
unclear. Medical records of 98 patients who had never been treated by TKI and who
accepted icotinib treatment were collected and followed. The circulating tumor DNA
(ctDNA) were detected and analyzed using the next-generation sequencing (NGS)
platform after progression on icotinib. The potential primary resistance mechanism
of icotinib was explored. A total of 21 (21.4%) and 48 (49%) patients developed pri-
mary and acquired resistance to icotinib, respectively. The median progression-free
survival (PFS) of primary resistance patients was 1.8 months (0.5-2.3, 95% Cl = 1.50-
2.10). Before treatment, 52.4% (11/21) of patients carried S768I, 23.8% (5/21) L861Q,
14.3% (3/21) G719X and 14.3% (3/21) exon 20-ins mutations. Approximately 23.8%
(5/21) of patients harbored the combined pattern mutations and 76.2% (16/21) of
patients harbored the single pattern mutations. The combined pattern with EGFR
classical mutation (EGFRcm) had worse PFS than the combined with EGFRum and
single pattern (P < .05). There were 6 (28.57%) patients with acquired EGFR extracel-
lular domain mutation, 5 (23.81%) with BCL2L11 loss (BIM deletion polymorphism),
3 (14.29%) with MET amplification, 1 (4.76%) with ERBB2 amplification, 1 (4.76%)
with MYC amplification, 1 (4.76%) with PTEN mutation, 1 (4.76%) with PIK3CA mu-
tation and 3 (14.29%) with unknown status. EGFR extracellular domain mutation,
BCL2L11 loss, PIBK-AKT-mTOR signaling pathway (PTEN and PIK3CA mutations),
MET amplification, ERBB2 amplification or MYC amplification might contribute to

molecular mechanisms of primary resistance to icotinib in patients with advanced
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1 | INTRODUCTION

Activating epidermal growth factor receptor (EGFR) mutant lung
cancer has a remarkable response to tyrosine kinase inhibitors
(TKI), which have replaced chemotherapy as the first-line therapy.*
Approximately one-tenth of all EGFR mutations are EGFR uncommon
mutation (EGFRum) carriers in advanced non-small cell lung cancer
(NSCLC) and their response and primary resistance to TKI were un-
derstudied from July 2013 to November 2016.%* Icotinib is a quinazo-
line derivative that reversibly binds to the ATP binding site of EGFR
protein and stops tumor cells from overgrowing.” It biologically be-
longs to the first-generation TKI and is mainly prescribed in China.®

There is no strict definition of primary resistance to TKI, but
disease progression within 3 months from initial treatment could be
considered primary resistance in a clinical trial.” It is currently be-
lieved that the primary resistance mechanism to TKI might be the
activation of other gene mutations or bypass pathway signals that
coexist with EGFR-sensitive mutations.® The resistance mechanisms
in EGFR classical mutation (EGFRcm) include de novo T790M mu-
tations, exon 20 insertion (20-ins) mutation, PISK/AKT, IGF1R, NF-
kB-dependent pathway and loss of the proapoptotic protein BIM
gene polymorphism.”*! Based on studies of the primary resistance
mechanism of TKI in EGFRcm, whether a similar situation exists in
EGFRum remains to be shown.

Finding new effective targets is the key strategy to overcome
drug resistance in advanced NSCLC patients. Traditional genomic
mutation tests do not meet the current clinical needs. Next-
generation sequencing (NGS) is a relatively new genomic testing
platform that brings added high throughput, sensitivity and ef-
ficiency, and is widely used in clinical practice and scientific re-
search.!? Circulating tumor DNA (ctDNA) in peripheral blood is
becoming increasingly popular in comparison with tumor biopsy.
There are several reasons why ctDNA is superior to tumor tissue
biopsy: it is relatively non-invasive, efficient and economical, and
a promising tool to monitor dynamically and could possibly replace
tissue biopsy in future.’® Other specimens including tumor cells
in malignant pleural effusion could also be used to analyze genetic
profiling if ctDNA is unavailable.

Therefore, we conducted an observational study of the clinical
response and putative primary resistance mechanism of icotinib in
advanced NSCLC patients with EGFRum. Tumor biopsy and ctDNA

non-small cell lung cancer harboring uncommon mutant epidermal growth factor re-

ceptor. Combined targeted therapy or chemotherapy should be considered in this

ctDNA, epidermal growth factor receptor, icotinib, next-generation sequencing, non-small cell

either from plasma or pleural effusion were collected and profiled by
170 cancer-relevant genes panel using next-generation sequencing.
We further compared the difference between primary and acquired
resistance groups in clinical-pathological characteristics and accom-

panied mutations after disease progression.

2 | METHODS
2.1 | Patients and follow up

We retrospectively enrolled and collected medical data of 3117 patients
who were diagnosed with lung adenocarcinoma from multi-cancer cent-
ers in China during the period from July 2013 to November 2016. The
EGFRum status was screened and those who had been treated by TKI
were excluded. After the median follow up of 6.2 months, 21 EGFRum
patients treated by icotinib (125 mg, tid) whose disease developed
quickly and progressed within 3 months during the follow-up time were
analyzed in this study. Patients’ demographic data are summarized in
Table 1. Samples from tumor tissue and ctDNA in plasma or pleural effu-
sion were collected for genetic profiling by NGS before and after disease
progression following resistance to icotinib therapy in both primary and
acquired resistance groups. A combined pattern of mutation was de-
fined as the coexistence of two different EGFR-mutant types. Clinical
responses were evaluated using the standard version of response evalu-
ation criteria in solid tumors (RECIST, v1.1)'® based on regular imagine
detection. PFS was referred to as the time from the beginning of tak-
ing icotinib to disease progression confirmed by RECIST criteria or death
(whichever comes first). Patients whose disease did not progress were
censored at the last follow up. Formal consent was obtained, and the
project was approved by the hospitals’ ethics committees.

2.2 | Targeted next-generation sequencing

Genomic DNA sequencing libraries were prepared using the
protocols recommended for the lllumina TruSeq DNA Library
Preparation Kit. For samples close to the minimum input re-
quirement, additional pre-capture PCR cycles were performed
to generate sufficient PCR product for hybridization. The librar-
ies were hybridized to custom-designed probes (Integrated DNA
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TABLE 1 Baseline characteristics in icotinib primary and
acquired resistance EGFR uncommon mutation NSCLC patients

Characteristic

Median age (y)
<65
265
Sex
Male
Female
Smoking status
Present or former smoker
Non-smoker
ECOG PS
0-1
2-3
Histology
Adenocarcinoma
Non-adenocarcinoma
Treatment lines
First
Second

Third and more

Primary Acquired
resistance resistance
N =21 (%) N =48 (%)
13 (61.90) 30 (62.5)
8(38.1) 18 (37.5)
10 (47.62) 21(43.8)
11 (52.38) 27 (56.2)
5(23.81) 14 (29.2)
16 (76.19) 34 (70.8)
18 (85.71) 40(83.3)
3(14.29) 8(16.7)
17 (80.95) 45 (93.8)
4 (19.05) 3(6.2)
0(0) 1(2.1)
1(4.76) 4(8.3)
20 (95.24) 43 (89.6)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group

performance status; EGFR, epidermal growth factor receptor; NSCLC,

non-small cell lung cancer.
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Technology), including all exons of 170 genes and selected introns
of ALK, RET and ROS1 for the detection of Genomic rearrange-
ments. DNA sequencing was performed on a HiSeq3000 sequenc-
ing system (Illumina) with 2 x 75 bp paired-end reads. The reads
were aligned to the human genome build GRCh37 using a Burrows-
Wheeler Aligner (BWA). Somatic single nucleotide variant and
indel calls were generated using MuTect and GATK, respectively.
Somatic copy number alterations were identified with CONTRA.
Genomic rearrangements were identified using the software de-

veloped in-house for analyzing chimeric read pairs.

2.3 | Statistical analysis

Clinical and mutational characteristic data were analyzed using SPSS
software (Version 22.0, SPSS). Categorical variables were compared
between the EGFR-mutant subgroups using X2 and Fisher’s exact tests.
PFS rates were estimated using the Kaplan-Meier method and examined
using the log-rank test. Differences were confirmed by two-sided P < .05.

3 | RESULTS

3.1 | Patients characteristics
The clinical characteristics of 21 primary resistance and 48 ac-
quired resistance EGFRum advanced NSCLC are summarized in

Table 1. More than half of the primary resistance patients (61.9%)

were younger than 65 years, female (52.4%) and non-smokers
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FIGURE 1 Plasma circulating tumor DNA sequencing results for 21 EGFRum NSCLC patients with primary drug resistance. The heat map
shows the baseline EGFRum patterns (grey and red), genetic profiling of progression from disease (blue) and the PFS time (green). EGFRum,
epidermal growth factor receptor uncommon mutation; NSCLC, non-small cell lung cancer; PFS, progression-free survival
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FIGURE 2 Comparisons of PFS rate in EGFRum patients by
mutation patterns. Combined mutation without EGFR classic
mutant (blue) carriers has better PFS than single-pattern (red) and
combined mutation with EGFR classic mutant (yellow) (P < .05).
EGFRum, epidermal growth factor receptor uncommon mutation;
PFS, progression-free survival

(76.2%). Adenocarcinoma was the most common histology (81%)
and most patients received icotinib as the second line therapy
or later (95.2%). The clinicopathological characteristics are
not significantly different from those of the acquired resist-
ance group (Table 1). In the primary resistance group, 52.4%
(11/21) of patients had S768l, 23.8% (5/21) had L861Q, 14.3%
(3/21) had G719X and 14.3% (3/21) had exon 20-ins mutations.

Potential pathway

The Bcl-2-regulated
apoptotic pathway?

Approximately 23.8% (5/21) of the patients with combined pat-
tern and 76.2% (16/21) with single pattern mutations. Two cases
have a combined pattern with EGFRcm L858R and one case with
exon 19del. The median PFS time of 21 patients was 1.8 months
(0.5-2.3, 95% CI = 1.50-2.10) (Figure 1). The combined pat-
tern with EGFRcm had worse median PFS than combined with
EGFRum and single pattern (P < .05, Figure 2).

3.2 | Potential mechanisms that confer primary
resistance to icotinib

To identify potential mechanisms that confer primary resistance to
icotinib treatment, we further compared mutation profiles of patients.
The most commonly acquired alteration was 28.6% (6/21) EGFR ECD,
followed by 21.8% (5/21) BCL2L11 deletion, 14.3% (3/21) MET ampli-
fication, and 33.3% (7/21) others, including ERBB2 and MYC amplifi-
cation, PTEN deletion, PIK3CA mutation and unknown mutation. No
significant correlation was found between the mutation carried before
icotinib treatment and the mutant genetic alterations after disease
progression following resistance to icotinib (Table 2, Figure 1). The po-
tential mechanisms that confer primary resistance to icotinib are listed
in Table 2.

TABLE 2 Genetic profiling and
potential activated pathway of 21 EGFR
uncommon mutant NSCLC patients with
primary resistance to icotinib

Canonical ligand-dependent

EGFR signaling pathway”

MET pathway®

Canonical ligand-dependent

EGFR signaling pathway*

MET pathway?®

Canonical ligand-dependent

EGFR signaling pathway*

ERBB2 pathway®
MYC-associated pathway'°
Phosphatidylinositide

3-kinase pathway!?

MET pathway?®
PI3K-Akt-mTOR signaling

pathway'*

Canonical ligand-dependent

EGFR signaling pathway*

EGFR mutation N Genetic alteration

5768l 4 BCL2L11 loss®

S768l 2 EGFR ECD®

5768l 1 MET amp®

S768I + G719X 2 EGFR ECD®

5768l + G719X 1 MET amp®

S7681 + L858R+20-ins 1 Unknown -
L861Q 1 EGFR ECD®

L861Q 1 ERBB2 amp’

L861Q 1 MYC amp’

L861Q 1 PTEN*!

L861Q 1 Unknown -
E709X 1 MET amp®

20-ins 1 PIK3CA®

20-ins 1 EGFR ECD®

T790M + L858R 1 Unknown —

A750P + L747_E749del 1 BCL2L11 Loss*

The Bcl-2-regulated

apoptotic pathway?

Abbreviations: ECD, extracellular domain; EGFR, epidermal growth factor receptor; ERBB2, erb-b2

receptor tyrosine kinase 2; NSCLC, non-small cell lung cancer.



Cancer Science Nulia e

on primary resistance. G719X, S768| and L861Q were the most
common de novo mutations in the primary resistance group. The
bypass pathway activation was the predominant alteration in this
group, including EGFR ECD mutations, BCL2L11 deletion and
MET amplification. The primary resistance group harbored more
accompanied mutations than the acquired resistance group after
disease progress following resistance to icotinib, which was con-
sistent with the much more complicated resistance mechanism in

In our study, approximately 21.4% (21/98) EGFRum patients
developed resistance to icotinib within 3 months of initial therapy.
One study reported that approximately 21.7% (15/69) of patients
presented primary resistance to icotinib in NSCLC, including some
EGFRum carriers.? The G719X, $768| and L861Q carriers contrib-

uted most primary resistance patients in our study. Robust evidence
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FIGURE 3 Comparison of the accompanied mutations between
21 primary and 48 acquired resistance to icotinib in EGFRum
advanced non-small cell lung cancer (NSCLC) patients. The primary
resistance group presented significantly more accompanied
mutations after progression than the acquired resistance

group, which means the potential resistance mechanism may be
complicated

3.3 | Comparison of accompanied mutant
genes and patterns between primary and acquired
resistance groups

Apart from the potential actionable acquired genetic alterations,
the primary resistance group was also found to harbor significantly
more accompanied mutations than the acquired resistance group
(159 vs 114 in all and 6 vs 2 per patient, respectively, P < .0001,
Figure 3). In the primary resistance group, the most common ac-
companied mutant genes and patterns included TP53 (61.9%,
13/21), NF1 (23.8%, 5/21), DNMT3A (19.04%, 4/21), deletion mu-
tations (81.8%, 130/159) and nonsense mutations (9.4%, 15/159),
respectively. In the acquired resistance group, the most common
accompanied mutant genes and patterns included TP53 (45.8%,
22/48), SMARTA4 (8.3%, 4/48), CDKN2A (8.3%, 4/48) and dele-
tion mutations (75.4%, 86/114) and nonsense mutations (12.3%,
14/114) (Figure 4).

4 | DISCUSSION

Heterogeneity in tumors is an important cause of primary resist-
ance to EGFR-targeted therapy in advanced NSCLC patients.'
Molecular heterogeneity and complicated mutation patterns are
well known in EGFRum NSCLC patients;'”'® however, few studies
have addressed the problem of primary resistance to icotinib in
this rare population. This study presents a comprehensive muta-
tion profiling of 69 EGFRum patients who developed resistance

to icotinib using ctDNA samples for genetic analysis and focusing

has shown the poor response to the first-generation TKI in G719X/
S7681/L861Q carriers.?%?! Therefore, second generation TKI, such
as afatinib, have been recommended to treat these patients.?? We
also found three exon 20ins carriers, with one of them harboring
S7681 + L858R + D770delinsGY who developed disease progres-
sion within 0.5 months. One study showed that an EGFR V769_
D770insASV carrier treated by TKI had TTP and OS of 19.8 months
and 24 months, respectively,?® and another study showed that the
OS was 16 months and worse than of EGFRcm carriers.?* Although
the poor response to icotinib in our case would be possibly impacted
by the concurrent S7681 mutation, insensitivity of this point mutation
could be assumed regarding the shortest PFS.

EGFRum NSCLC patients usually harbor combined mutations
and concurrent with EGFRecm would be expected to harvest better
response to TKI than single EGFRum.* However, the EGFRum com-
bined with EGFRcm group was shown to have the worst median PFS
compared to other mutant patterns in our study. One of them car-
ried de novo T790M + L858R. The incident of de novo T790M muta-
tion varies from 1% to 65% in different studies 2> and often appears
with combined with EGFRecm.?¢% Tu et al?® studied the efficacy of
TKI and chemotherapy in 218 patients with EGFRum and found that
T790M carriers had the shortest median PFS compared with other
rare mutations and composite mutations, of only 1 month (95% Cl
0.0-2.2) even combined with L858R. Osimertinib, a third generation
TKI has been recommended as effective TKI in this situation.?’

The EGFR extracellular domain (ECD) mutation and BCL2L11 de-
letion appeared in almost half of the primary resistance patients in our
study, with median PFS of only 1.8 months. Recently, a novel EGFR
ECD somatic mutation M277E in lung adenocarcinoma was found and
proved to be a carcinogenic-driven mutation in vitro.° We have found
one ECD M277E mutation but others coexisting with S768l, if there is
a synergetic role in promoting primary resistance in icotinib, need to
be studied in the future. In vitro studies have also found that down-
regulation of BIM expression is associated with primary resistance to
gefitinib in EGFR-mutant lung cancer cells.3! BCL2L11 deletion has
been (P =.027). Personalizing therapy with BH3 analogs could possibly
overcome BIM-polymorphism-associated TKI resistance.®? Of note, 4
in 5 patients who acquired BCL2L11 deletion in our study were S768lI
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FIGURE 4 The canonical characteristics and mutation profiles of 21 primary and 48 acquired resistance to icotinib in EGFRum advanced
NSCLC patients. B, blood; CNV, Copy number variation; EGFRum, epidermal growth factor receptor uncommon mutation; F, female; M,
male; NSCLC, non-small cell lung cancer. Smoking history (N, no; Y, yes). Type of sample (H, histology; Ht, hydrothorax)

carriers before treatment. Whether there is a rational connection be-
tween S768l and acquired BCL2L11 deletion, which contributes to the
primary resistance to icotinib, remains to be further studied.

The major limitations of our study are the retrospective design
and the small sample size. Despite the low incidence of EGFRum

NSCLC patients, we undertook comprehensive genetic profiling and

compared results between patients with primary and acquired resis-
tance to icotinib. We listed all the de novo and acquired genetic al-
terations in detail and the presumed activated pathways according to
previous literature.

The mechanisms of primary resistance to icotinib in EGFRum

NSCLC may be highly heterogeneous. De novo T790M mutations
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in EGFR and its activated bypass pathways are significantly re-

lated to primary resistance of icotinib. Combined targeted ther-

apy is one actionable option other than chemotherapy in this

population.
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