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Patients harboring uncommon EGFR exon
19 deletion-insertion mutations respond
well to first-generation EGFR inhibitors and
osimeritinib upon acquisition of T790M
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Abstract

Background: In the existing next generation sequencing (NGS) system, epidermal growth factor receptor (EGFR)
exon 19 deletion-insertion (19delins) is still interpreted into the category of EGFR exon 19 deletion (19del).
However, the controversy exists whether the two mutation types have the similar responses and resistant
mechanisms to first-generation EGFR tyrosine kinase inhibitor (TKI) in non-small cell lung cancer (NSCLC) patients.

Methods: We successively and retrospectively reviewed the NGS data of 3054 patients diagnosed as advanced
NSCLC from November 2017 to September 2020. Finally, 41 patients with EGFR 19delins mutation and 41 patients
with EGFR 19del mutation who received first-generation EGFR TKIs as first-line therapy were included in the study.

Results: A total of 17 genotypes were identified in this study, including L747_P753delinsS (10/41), L747_
A750delinsP (9/41), L747_T751delinsP (6/41) and E746_S752delinsV (3/41). Under the same baseline characteristics,
the population of EGFR 19delins respond well to first line EGFR TKIs as well as those of EGFR 19del, with little
difference in median progression-free survival (mPFS): 10.4 months vs. 13.1 months, p = 0.1076). Interestingly,
patients with L747_T751delinsP seem to have a better mPFS than others (18.7 months vs. 13.1 months, p = 0.035).
After the disease progression, both EGFR 19delins and EGFR 19del had similar rates of developing EGFR T790M
mutation resistance (45.8% vs. 57.8%), and those receiving osimeritinib as second-line treatment obtain the similar
survival benefits (mPFS: 12.0 months vs. 12.2 months (p = 0.97).

Conclusions: This retrospective cohort study furnish the evidence that therapeutic responses and survival of
untreated NSCLC population with EGFR 19delins mutation are equal to those with common EGFR 19del mutation
after administration of EGFR TKIs therapy.
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Key points
With the increase use of NGS in clinical routine prac-
tice, more and more rare gene mutations have been
identified.
In the existing NGS report system, EGFR 19delins is

still interpreted into the category of deletion in exon 19.
However, the controversy exists whether the two popu-
lation have the similar responses and resistant mecha-
nisms to EGFR TKIs.
This retrospective cohort study furnish the evidence

that therapeutic responses and survival of untreated
NSCLC population with EGFR 19delins mutation are
equal to those carrying common EGFR 19del mutation
with first-generation EGFR TKI therapy.
At progression to first-generation EGFR TKIs, the re-

sistance mechanism of patients with uncommon EGFR
19delins mutation have been demonstrated, as well as
the effects of second-line osimeritinib treatment after
the acquisition of T790M mutation.

Background
Non-small cell lung cancer (NSCLC), accounts for 85–
90% of all lung cancers, is the leading cause of cancer-
related mortality in China and worldwide [1]. Epidermal
growth factor receptor (EGFR) mutations are one of the
most frequent oncogenic driver events in NSCLC.
Among them, exon 19 deletions and the L858R point
mutation comprise up to 90% EGFR mutations and con-
fer hypersensitivity to EGFR tyrosine kinase inhibitors
(TKIs), called classical mutations [2]. With the increas-
ing use of next-generation sequencing (NGS) in clinical
practice, more low frequency mutations have been iden-
tified, such as EGFR 19delins variants [3]. However, our
understanding of their biology and clinical response to
EGFR TKIs is poorer than that of classical mutations.
The clinical responses of EGFR 19delins to EGFR TKIs

are reported to be different. Truini et al. proved that pa-
tients with L747_A750delinsP had significantly worse
PFS and OS than those with common 19del and L747_
P753delinsS [4]. In addition, some case reports revealed
EGFR 19delins confer primary resistance to gefitinb or
erlotinib [5–7]. On the contrary, some researchers re-
ported that patients with EGFR 19delins mutation, such
as L747P, had favorable outcomes upon EGFR-TKI ther-
apy [8, 9]. However, the above results are based on lim-
ited cases and inconsistent. Furthermore, the resistance
mechanisms to first-generation EGFR-TKIs are not stud-
ied in the population of EGFR 19delins. The study from
Peng et al. has shown that first-line EGFR TKIs bring
better survival benefits to patients with EGFR 19delins
than those with EGFR 19del, but once upon the acquisi-
tion of T790M resistance mutation, the outcomes of
EGFR 19delins group are poor [10]. Nevertheless, differ-
ent from their findings, our research demonstrated that

patients carrying EGFR 19delins mutation can also bene-
fit from first-generation EGFR TKIs (gefitinib and Icoti-
nib) equally to those carrying EGFR 19del mutation.
Besides, we also analyzed the resistance mechanism of
EGFR 19delins to first-generation TKIs and the out-
comes of those receiving second-line osimeritinib upon
acquisition of T790M mutation.

Methods
Patients
The NGS data of 3054 patients diagnosed as advanced
NSCLC were retrospectively and successively screened
between November 2017 and September 2020. And 41
treatment-naïve patients at diagnosis with EGFR
19delins mutation met the inclusion criteria, and then
41 untreated patients with EGFR 19del mutation were
enrolled successively at random in this study. All these
patients were given gefitinib (250 mg once daily) or icoti-
nib (125 mg three times a day) or (erlotinib 150 mg once
daily) orally as first-line therapy. Clinical outcomes of
these patients were evaluated (Fig. 1). The inclusion cri-
teria for patients in the study were similar to the previ-
ous study [10], including: NSCLC confirmed by
immunohistochemistry, stage IV disease according to
the 8th American Joint Committee on Cancer Staging
System, age beyond 18 years, first-line standard EGFR
TKI therapy, genotypes of EGFR 19delins or EGFR 19del
identified by NGS, radiographic images data available at
baseline and progression per Response Evaluation Cri-
teria in Solid Tumors, version 1.1. Patients with baseline
EGFR T790M mutation and other systematic antitumor
treatment were excluded. The Ethics Committee of First
Affiliated Hospital of Zhengzhou University approved
this retrospective analysis and waived informed consent.

DNA extraction and routine driver gene testing
DNA extraction and sequencing methods were described
as the previously protocol [10]. Briefly, a minimum of
20 ng of DNA extracted from tumor tissues or liquid
samples (such as, pleural effusion and blood) is required
for NGS library construction. The molecular test was
performed on Illumina HiSeq 4000 (Illumina, San Diego,
CA) using commercially hybrid capture-based NGS as-
says including 8, 14 or 56 gene panels (GeneseeqOne,
Nanjing Geneseeq Technology Inc., China; Burning
Rock Biotech Ltd., Guangzhou, China) with sequencing
depth of 1000× in tissues and 5000× in liquid sample at
least. All the above panels can at least identify the below
routine driver genes: EGFR, KRAS, ALK, ROS1, RET,
MET, ERBB2 and BRAF. Finally, the NGS data were
mapped to the human genome 19 for accurate identifi-
cation of mutations. The adapters in FASTQ files of
NGS data were cleaned using Trimmomatic-0.36 soft-
ware [11]. Then, Single nucleotide variants (SNVs) and
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short insertions/deletions (indels) were identified using
VarScan2 2.3.9 with minimum variant allele frequency
(VAF) threshold set at 0.01 and p-value threshold for
calling variants set at 0.05 to generate Variant Call For-
mat files. All SNVs/indels were annotated with ANNO-
VAR, and each SNV/indel was manually checked with
the Integrative Genomics Viewer. Copy number varia-
tions were identified using ADTEx 1.0.4. Genomic fu-
sions were identified by FACTERA software [12].
For the first biopsy, pleural sediment embedding was

selected for subsequent sequencing in patients with huge
malignant pleural effusion, with small lung lesions and
no other superficial metastases available for biopsy or
with high risk of tissue biopsy. And the time points of

NGS for first biopsy ranged from November 2017 to Au-
gust 2020 in EGFR 19delins cohort and February 2018
to July 2020 in EGFR 19del cohort. And there were two
cases (April 2018 and March 2018) and one case (June
2018) using pleural sediment embedding as samples in
EGFR 19delins cohort and EGFR 19del cohort, respect-
ively. And the rest cases were tissue samples. For the
second biopsy, tissue biopsy and blood biopsy were
adopted for NGS from August 2018 to June 2020 in
EGFR 19delins group and April 2019 to August 2020 in
EGFR 19del group. In EGFR 19delins group, three cases
performed blood biopsy (December 2019, April 2020,
and July 2020), while one case (January 2019) in EGFR
19del group. And the rest cases were tissue samples.

Fig. 1 Flow chart of the study design. 3054 treatment-naïve patients with advanced NSCLC performing NGS molecular test in our hospital were
successively screened. 41 patients with EGFR 19delins mutation met the inclusion criteria, and then 41 patients with EGFR 19del mutation were
enrolled successively at random, receiving first-generation EGFR TKI gefitinib or icotinib or erlotinib as first-line therapy. At progression, the
resistance mechanisms were analyzed. And the PFS and response rates after second-line osimertinib were also evaluated
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Evaluation
The clinical characteristics were reviewed and collected
from the medical records, including age, sex, patho-
logical information, NGS molecular profile, treatment
and radiographic data, and so on. The best changes of
tumor from baseline, response rates, and progression-
free survival (PFS) were analyzed according to the radio-
graphic images.

Statistical analysis
The baseline data was compared by chi-square test or
fisher-exact test for some variables when chi-square test
was not appropriate. Propensity score (PS) correction
method was used for controlling confounding factors,
such as age, gender, ECoG score, T stage, N stage, brain
metastases, first line TKIs. The survival analysis was per-
formed using the Kaplan-Meier method with the statis-
tical packages R (The R Foundation; http://www.r-
project.org; version 3.4.3) and Empower (R) (www.
empowerstats.com, X&Y solutions, inc. Boston, Massa-
chusetts) [13]. Two sided p values less than 0.05 were
considered statistically significant.

Results
Patients’ baseline characteristics
Among 3054 patients diagnosed as advanced NSCLC, 41
treatment-naive patients with EGFR 19delins mutation
were enrolled in this study, with 41 patients carrying
EGFR 19del mutation as control cohort. Patients with
EGFR 19delins were mostly women (24/41), non-smokers
(34/41), stage IV disease (41/41) and adenocarcinoma
histology (40/41). The clinical baseline characteristics of
the cohorts of uncommon EGFR 19delins and EGFR
19del were summarized in Table 1.

Baseline mutation profile
At baseline, 8-gene panel (26.8%, 11/41), 14-gene panel
(36.6%, 15/41), and 56-gene panel (36.6%, 15/41) were
using for NGS profiling in EGFR 19delins cohort.
Among the 41 patients with EGFR 19del, the NGS pro-
filing was performed by 8-gene panel (24.4%, 10/41), 14-
gene panel (41.5%, 17/41), and 56-gene panel (31.1%, 14/
41). In our study, patients concurrent with other action-
able oncogenic driver mutations were excluded from
both cohorts. EGFR amplification and TP53 mutation

Table 1 Baseline characteristics of the NSCLC patients with EGFR 19delins or EGFR 19del

Characteristics 19delins (n = 41) 19del (n = 41) P value

Age, years Median (range) 60 (30–75) 60 (34–76) 0.638

Sex Male 17 11 0.162

Female 24 30

Smoking status Never 34 34 1.000

Smoker 7 7

Histological type Adenocarcinoma 40 41 1.000

Squamous carcinoma 1 0

TNM stage IIIB 0 0 1.000

IV 41 41

ECOG PFS score 0 or 1 34 31 0.414

2 7 10

Brain metastases No 25 27 0.647

Yes 16 14

EGFR 19delins variants p.L747_P753delinsS 10

p.L747_A750delinsP 9

p.L747_T751delinsP 6

p.E746_S752delinsV 3

Other EGFR 19delins 13

EGFR 19del variants p.E746_A750del 36

p.L747_S752del 3

P.L747_T751del 2

First-line treatment Gefitinib 24 25 0.973

Icotinib 15 14

Erlotinib 2 2

19delins, EGFR exon 19 deletion-insertion; 19del, EGFR exon 19 deletion; ECOG PS Eastern Cooperative Oncology Group performance status
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were the most frequent concurrent mutations identified
with 17.1% (7/41) and 9.8% (4/41) in the EGFR 19delins
cohort, and 17.1% (7/41) and 17.1% (7/41) in EGFR
19del cohort. There is need to note that only the 56-
gene panel is capable of detecting TP53 mutations. And
TP53 co-mutation had no significant effect on the sur-
vival of EGFR 19delins and EGFR 19del cohort (p > 0.05)
(Fig. S1). The ratio of sequencing panels and concurrent
mutations were basically the same in the two groups.

The variants detected in uncommon EGFR 19delins cohort
There were 17 different mutation types were identified
in the EGFR 19delins cohort (Fig. 2). Among them, three
were new detected and not published in previous litera-
tures and somatic mutation database (Catalogue of Som-
atic Mutations in Cancer, COSMIC), such as L747_
K754delinsSR, A750_I759delinsPS, and L747-
T751delinsAI. The most frequent mutation types in the
EGFR 19delins cohort were L747_P753delinsS (n = 10,
24.4%), L747_A750delinsP (n = 9, 22.0%), L747_
T751delinsP (n = 6, 14.6%), and E746_S752delinsV (n =
3, 7.3%, Fig. 2B). Distribution of EGFR 19delins nutation
types have been illustrated using pie charts figure. And
EGFR amplification was the most common concurrent
mutation in both uncommon EGFR 19delins and com-
mon EGFR 19del groups, with equal percentage of 17.1%
(7/41). The VAF of the EGFR 19del and EGFR 19delins
ranges from 0.53% to 86.4% and 0.08% to 90.8%, respect-
ively (Table S1).

The clinical effects of first-line EGFR inhibitors
The effects of first-line EGFR TKI treatment in the pa-
tients with EGFR 19delins and EGFR 19del were evalu-
ated. The clinical baseline characteristics of the two
cohorts were similar (Table 1). The patients with EGFR

19delins were given gefitinib (n = 24, 58.5%), icotinib
(n = 15, 36.6%), and erlotinib (n = 2, 4.9%), respectively.
Similarly, the patients with EGFR 19del were given gefi-
tinib (n = 25, 61.0%), icotinib (n = 14, 34.1%), and erloti-
nib (n = 2, 4.9%), respectively.
The best changes of tumor size from baseline after

first-line TKI treatment in the two cohorts were esti-
mated (Fig. 3A and B). The objective response rate
(ORR) was similar between the two cohorts (EGFR
19delins vs. EGFR 19del: ORR 75.6% vs. 78.0%; DCR
97.6% vs. 100%). Among the patients with EGFR
19delins, 31 patients achieved partial response (PR;
75.6%), 9 patients had stable disease (SD; 22.0%) and one
patient had progressive disease (PD, 2.4%) after first-line
EGFR TKI. Likewise, in the patients carrying EGFR
19del, the rates of PR, SD, and PD were 78.0% (32/41),
22.0% (9/41) and 0.
PS correction method was used for controlling con-

founding factors, such as age, gender, ECoG score, T
stage, N stage, brain metastases, first line TKIs (the bin-
ary logistic regression model: PS = -1.345 + 0.569 × sex-
0.015 × age+ 0.411 × ECOG score- 0.305 × T stagte+
1.126 × N stage-0.216 × brain metastases-0.020 × first line
TKIs). The distribution of PS between the cohorts of
EGFR 19delins and EGFR 19del were consistent (the
population pyramid is symmetric), mainly distributed
between 0.40 and 0.60 (Fig. S2). Then survival analysis
was performed under the adjustment of PS. The median
PFS (mPFS) was 10.4 month in patients with EGFR
19delins, similar to 13.1 months in those with EGFR 19
del (HR: 0.6527; 95% CI: 0.3885-1.0983; p = 0.108;
Fig. 4A). Interestingly, the outcomes of patients with dif-
ferent EGFR 19delins mutation types are not exactly
same. As shown in Fig. 4B and C, patients harboring

Fig. 2 Pie charts illustrating the distribution of EGFR 19delins
variants among 41 patients

Fig. 3 Best changes from baseline in tumor-size since treatment of
first-generation EGFR TKIs in the cohorts of EGFR 19delins (A) and
EGFR 19del (B)
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L747_T751delinsP had a longer mPFS than those har-
boring L747_P753delinsS, L747_A750delinsP, and other
variants (18.7 months vs 13.1 months, HR: 0.3318; 95%
CI: 0.1193-0.9232; p = 0.035). There is no significant dif-
ference between patients with L747_A750delinsP and
L747_T751delinsP (Fig. 4B). Despite of limited cases, we
also attempted to analyze the effects of three first-
generation EGFR TKIs in patients with EGFR 19delins.
And no significant difference was found among the
groups of gefitinib, icotinib, and erlotinb with 14.7
months, 10.9 months, and 13.1 months (p > 0.05; Fig.
4D). Besides, no serious adverse events (grade 3/4) were
reported by the two cohorts.

The mechanisms of resistance to first-generation EGFR
TKIs
After administration of first-generation EGFR inhibitors,
34 patients carrying EGFR 19delins and 32 patients car-
rying EGFR 19del had PD. At progression, 64.7% (22/34)
in EGFR 19delins cohort and 78.1% (25/32) in EGFR
19del cohort performed re-biopsies and NGS test. And
EGFR T790M was the main resistance mechanism in the
two cohorts without statistical significance, p = 0.706
(EGFR 19delins vs. EGFR 19del: 54.5% (12/22) vs. 60.0%

(15/25). The resistance mutation was not identified in
22.7% (5/22) and 24.0% (6/25) of the patients with EGFR
19delins and EGFR 19del, respectively. Besides, one case
had sarcomatoid carcinoma transformation and two
cases had squamous transformation from adenocarcin-
oma in EGFR 19delins cohort. Comparatively, in EGFR
19del cohort, there was one each case had small-cell
lung cancer transformation and squamous transform-
ation from adenocarcinoma. MET amplification was ac-
quired in (2/22) EGFR 19delins group and ERBB2
amplification was acquired in 1/25 of EGFR 19del cohort
(Fig. 5A and B).

Clinical benefits of osimeritinib for patients developing
T790M mutation
Whether patients with EGFR 19delins respond well to
third-generation EGFR TKIs after acquiring EGFR
T790M resistance to first generation EGFR TKIs? To
figure out that, we analyzed the clinical benefits of osi-
meritinib as second-line therapy for patients with EGFR
19delins (n = 8) and those with EGFR 19del (n = 10) after
developing T790M mutation. The therapeutic responses
were similar in both EGFR 19delins and EGFR 19del
groups: ORR 62.5% vs 30.0%, p = 0.34; DCR: 100.0% vs

Fig. 4 Patients harboring rare EGFR 19delins mutation obtained similar survival benefits from first-generation EGFR TKIs to those with EGFR 19del
mutation. Kaplan-Meier curves were drawn for comparing the PFS between patients with EGFR 19delins and EGFR 19del (A), PFS among patients
with different variants in EGFR 19delins cohort (B and C), and PFS between patients receiving different EGFR TKIs in EGFR 19delins cohort (D)
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80.0%, p = 0.48 (Table 2). Also, no significant difference
were observed in mPFS between EGFR 19delins and
EGFR 19del groups (mPFS: 12 months vs. 12.2 months;
Log-rank test, p = 0.97; Fig. 5C).

Discussion
The present study analyzed the variants and treatment
outcomes to first-generation EGFR TKIs as first-line
therapy in Chinese patients with rare EGFR 19delins
mutation. After progression, the resistant mechanisms to
first-generation EGFR TKIs and the effects of osimeriti-
nib on patients with EGFR T790M mutation have also
been investigated. A total of 17 mutation types of un-
common EGFR 19delins are identified and three are

previously unpublished in any literatures and somatic
mutation database.
EGFR 19del is the most common variant type of EGFR

mutation in NSCLC [14]. Clinically, EGFR genotyping
methods include amplification refractory mutation system
(ARMS)-polymerase chain reaction (PCR), sanger sequen-
cing, and NGS. Despite the most common use in clinical
practice, ARMS-PCR are not capable of covering the en-
tire spectrum of EGFR mutations based on the current
mutation-specific PCR kits, therefore some potentially
treatable mutations are inevitably missed by this approach
[15–17]. Sanger sequencing can identify all mutations in a
given gene region, however, false negatives still occur es-
pecially when tumor cells are insufficient. For this prob-
lem, NGS can profile all types of EGFR mutations and
concurrent mutations with high sensitivity. To this end,
NGS method was used for screening patients in our study.
We have reviewed the NGS records of 3054 NSCLC un-
treated patients, and 41 objects with EGFR 19delins were
enrolled, compared by 41 baseline-matchable objects with
EGFR 19del mutation. The present study showed that the
treatment responses and mPFS in the population with
EGFR 19delins mutation are not worse than those
with common EGFR 19del when receiving first-
generation EGFR TKIs. Among the more frequent
EGFR 19delins mutation types, L747_T751delinsP
group seems to have a better mPFS after the adminis-
tration of first-generation TKIs. At progression, the
main resistant cause is EGFR T790M mutation both
in EGFR 19delins and EGFR 19del groups. Moreover,

Fig. 5 Potential mechanisms resistant to first-generation EGFR inhibitors and survival benefits of osimeritinib for patients developing T790M
mutation. Resistance reasons to first-generation EGFR TKIs were described in the cohorts of EGFR 19delins (A) and EGFR 19del (B). C Kaplan-Meier
curves comparing the PFS between patients with EGFR 19delins and those with EGFR 19del after administration of osimeritinib as second-line
therapy when developing EGFR T790M resistance

Table 2 Clinical responses of third-generation EGFR-TKI as
second line therapy in NSCLC patients with EGFR 19delins and
EGFR 19del

19delins (n = 8) 19del (n = 10) P value

ORR, n (%) 5 (62.5) 3 (30.0) 0.34

DCR, n (%) 8 (100.0) 8 (80.0) 0.48

Best objective response, n (%)

CR 0 0

PR 5 (62.5) 3 (30.0)

SD 3 (37.5) 5 (50.0)

PD 0 2 (20.0)

CR Complete response, PR Partial response, SD Stable disease, PD Progressive
disease, ORR Objective response rate, DCR Disease control rate
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the clinical outcomes including disease control rate
and PFS are not significantly different.
Previous studies suggest that patients with some sub-

types of EGFR 19delins mutation have poorer clinical
outcomes than those with EGFR 19del [18]. For ex-
ample, afatinib can inhibit phosphorylation of EGFR in
both L747_P753delinsS and L747_A750delinsP subtypes,
whereas erlotinib and osimeritinib only inhibit that in
L747_P753delinsS mutation [18]. As for mechanisms
underline, Simona Coco et al. consider that E746V-
L747P (E746_L747delinsVP) variant confers resistance
to gefitinib by mediating N terminal rearrangement of
EGFR kinase domain, which leads to high affinity with
ATP and EGFR activation [7]. However, another large
scaled research has reported that patients with EGFR
19delins have longer PFS than that of common EGFR
19del population [10]. The mechanism may be that the
insertion of one or more amino acids changes the con-
formation of EGFR kinase domain and enhances its
binding to EGFR TKIs [10]. Interestingly, our data pro-
vide different views that the population with EGFR
19delins mutation has a good response to first-
generation EGFR-TKIs and similar PFS outcomes to pa-
tients with common EGFR 19del mutation. And we
speculate that only some deletion-insertion mutations
cause conformational changes that affect their binding
to EGFR TKIs, while others are not significantly differ-
ent from the common deletion variants in exon 19 of
EGFR gene on the therapeutic mechanisms of EGFR
TKIs. For example, among the more frequent EGFR
19delins mutation types, L747_T751delinsP group has a
better mPFS than L747_P753delinsS group. However,
the exact mechanism underline still needs more preclin-
ical experiments to illustrate. After disease progression
on first-generation EGFR-TKIs, the acquired resistance
mechanisms in this study are consistent with the pub-
lished data [19], including EGFR T790M mutation, MET
amplification, ERBB2 amplification, activation of EGFR
downstream signaling, and histological transformation to
small-cell or squamous cell carcinoma, even sarcomatoid
carcinoma, and so on. Given that, tissue re-biopsy are
strongly recommended for histological analysis and
genotyping when disease progressed. In our research,
EGFR T790M is still the major resistant mechanism for
patients with EGFR 19delins after failure to first-
generation EGFR TKIs. The efficacy of osimeritinib as
second-line therapy is also similar between the groups of
EGFR 19delins and EGFR 19del. Of note, it has been re-
ported some certain variants of TP53 mutation may be
one of the factors affecting the effects of targeted ther-
apy and prognosis of patients with EGFR mutation [20].
While in the present study, no significant effects of
TP53 co-mutation on the survival of patients with EGFR

mutation (19delins or 19del) were observed. However,
the results should be treated with caution due to the
limited cases in this subgroup.
As a retrospective investigation, there are inevitably

some limitations and confounding factors. In this regard,
the cases are collected successively during a period and
PS correction method was used for controlling con-
founding factors, such as age, gender, ECOG score, T
stage, N stage, brain metastases, first line TKIs. In this
study, NGS approach is adopted for screening patients
due to possible missed detection of some mutations by
PCR. However, PCR detection still accounts for a greater
proportion in clinical practice currently, which means
that a larger portion of the population was excluded. So
whether our results are representative of the whole
population with EGFR 19delins needs further verifica-
tion in the future larger scaled and prospective trials.

Conclusions
This study demonstrates that patients with rare EGFR
19delins have equal treatment responses and similar sur-
vival benefits to those with common EGFR 19del to first-
line EGFR TKIs. Of note, patients with L747_T751delinsP
mutation have a significant better survival outcome than
those with other variants. At disease progression, EGFR
T790M mutation is still the prevalent resistance mechan-
ism of patients with EGFR 19delins and also sensitize to
third-generation EGFR TKI, osimeritinib, similar to the
population with EGFR 19del. Given that the most fre-
quent and sensitive mutation in NSCLC, EGFR 19del (es-
pecially E746_A750del) is an indicator for good response
to EGFR TKIs. Our results provide a proof that EGFR
19delins mutation also can serve as one good predictor for
response to first-generation EGFR TKIs.
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Additional file 3: Table S1. The VAF of EGFR 19delins mutation and
EGFR 19del mutation, and the VAF of their T790M mutation acquired at
progression.

Wang et al. BMC Cancer         (2021) 21:1215 Page 8 of 9

https://doi.org/10.1186/s12885-021-08942-x
https://doi.org/10.1186/s12885-021-08942-x


Acknowledgements
Not applicable.

Authors’ contributions
YW, RZ, SS, and XL contributed to the conception. PH and ZZ contributed to
data collection. YW and RZ contributed to data analysis, interpretation, and
graphics presentation. YW, RZ, SS, and XL contributed to constructive
discussions and manuscript writing. All authors read and approved the final
version of the manuscript.

Funding
This work was supported by the Youth Innovation Fund of the First Affiliated
Hospital of Zhengzhou University (2019-70885, 2019-70967). The funding
source had no role in the study design, data collection, analysis, results inter-
pretation, manuscript drafting and decision to submit the paper for
publication.

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

Declarations

Ethics approval and consent to participate
The authors are accountable for all aspects of the work in ensuring that
questions related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved. The study was conducted in
accordance with the Declaration of Helsinki (as revised in 2013). The study
was approved by the ethics committee of First Affiliated Hospital of
Zhengzhou University and individual consent for this retrospective analysis
was waived.

Consent for publication
The consent for publication in this retrospective study was not applicable.

Competing interests
The authors have no conflicts of interest to declare.

Author details
1Department of Medical Oncology, The First Affiliated Hospital of Zhengzhou
University, Jianshe East Road 1, 450052 Zhengzhou, Henan, People’s Republic
of China. 2Department of Radiotherapy, The First Affiliated Hospital of
Zhengzhou University, Jianshe East Road 1, 450052 Zhengzhou, Henan,
People’s Republic of China. 3Department of Pathology, The First Affiliated
Hospital of Zhengzhou University, Jianshe East Road 1, 450052 Zhengzhou,
Henan, People’s Republic of China.

Received: 8 July 2021 Accepted: 27 October 2021

References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.

Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2021;
71(3):209–49. https://doi.org/10.3322/caac.21660.

2. O'Kane GM, Bradbury PA, Feld R, Leighl NB, Liu G, Pisters KM, et al.
Uncommon EGFR mutations in advanced non-small cell lung cancer. Lung
Cancer. 2017;109:137–44. https://doi.org/10.1016/j.lungcan.2017.04.016.

3. Harrison PT, Vyse S, Huang PH. Rare epidermal growth factor receptor
(EGFR) mutations in non-small cell lung cancer. Semin Cancer Biol. 2020;61:
167–79. https://doi.org/10.1016/j.semcancer.2019.09.015.

4. Sharma SV, Bell DW, Settleman J, Haber DA. Epidermal growth factor
receptor mutations in lung cancer. Nat Rev Cancer. 2007;7(3):169–81.
https://doi.org/10.1038/nrc2088.

5. Xia P, Liu E, Li P, Li W, Jiang G. A case of primary resistance to gefitinib due
to novel deletion-insertion mutation of EGFR exon 19 in NSCLC. J Thorac
Oncol. 2019;14(6):e117–9. https://doi.org/10.1016/j.jtho.2019.01.033.

6. Wang YT, Ning WW, Li J, Huang JA. Exon 19 L747P mutation presented as a
primary resistance to EGFR-TKI: a case report. J Thorac Dis. 2016;8(7):E542–6.
https://doi.org/10.21037/jtd.2016.05.95.

7. Coco S, Truini A, Vanni I, Genova C, Rosano C, Bello M, et al. Uncommon
EGFR exon 19 mutations confer gefitinib resistance in advanced lung
adenocarcinoma. J Thorac Oncol. 2015;10(6):e50–2. https://doi.org/10.1097/
JTO.0000000000000538.

8. Wekken A, Stigt JA, Hart NA. A novel EGFR mutation in exon 19 showed
stable disease after TKI treatment. J Thorac Oncol. 2012;7(8):e8. https://doi.
org/10.1097/JTO.0b013e31825ccae8.

9. Pas TD, Toffalorio F, Manzotti M, Fumagalli C, Spitaleri G, Catania C, et al.
Activity of epidermal growth factor receptor-tyrosine kinase inhibitors in
patients with non-small cell lung cancer harboring rare epidermal growth
factor receptor mutations. J Thorac Oncol. 2011;6(11):1895–901. https://doi.
org/10.1097/JTO.0b013e318227e8c6.

10. Peng X, Long X, Liu L, Zeng L, Yang H, Jiang W, et al. Clinical impact of
uncommon epidermal growth factor receptor exon 19 insertion-deletion
variants on epidermal growth factor receptor-tyrosine kinase inhibitor
efficacy in non-small-cell lung cancer. Eur J Cancer. 2020;141:199–208.
https://doi.org/10.1016/j.ejca.2020.10.005.

11. Bolger AM, Lohse M, Usadel B. Trimmomatic: a flexible trimmer for Illumina
sequence data. Bioinformatics. 2014;30(15):2114–20. https://doi.org/10.1093/
bioinformatics/btu170.

12. Newman AM, Bratman SV, Stehr H, Lee LJ, Liu CL, Diehn M, et al. FACTERA:
a practical method for the discovery of genomic rearrangements at
breakpoint resolution. Bioinformatics. 2014;30(23):3390–3. https://doi.org/1
0.1093/bioinformatics/btu549.

13. Zhan XY, Wang N, Liu G, Qin L, Xu W, Zhao S, et al. Plasmodium infection
reduces the volume of the viral reservoir in SIV-infected rhesus macaques
receiving antiretroviral therapy. Retrovirology. 2014;11(1):112. https://doi.
org/10.1186/s12977-014-0112-x.

14. Castellanos E, Feld E, Horn L. Driven by mutations: the predictive value of
mutation subtype in EGFR-mutated non-small cell lung cancer. J Thorac
Oncol. 2017;12(4):612–23. https://doi.org/10.1016/j.jtho.2016.12.014.

15. Imyanitov EN, Iyevleva AG, Levchenko EV. Molecular testing and targeted
therapy for non-small cell lung cancer: current status and perspectives. Crit
Rev Oncol Hematol. 2021;157:103194. https://doi.org/10.1016/j.critrevonc.202
0.103194.

16. Coleman N, Woolf D, Welsh L, McDonald F, MacMahon S, Yousaf N, et al.
EGFR exon 20 insertion (A763_Y764insFQEA) mutant NSCLC is not identified
by roche cobas version 2 tissue testing but has durable intracranial and
extracranial response to osimertinib. J Thorac Oncol. 2020;15(10):e162–5.
https://doi.org/10.1016/j.jtho.2020.05.006.

17. Iyevleva AG, Mitiushkina NV, Karaseva NA, Orlov SV, Volodina LN, Kulikova
YE, et al. Lung carcinomas with EGFR exon 19 insertions are sensitive to
gefitinib treatment. J Thorac Oncol. 2014;9(4):e31–3. https://doi.org/10.1097/
JTO.0000000000000106.

18. Truini A, Starrett JH, Stewart T, Ashtekar K, Walther Z, Wurtz A, et al. The
EGFR exon 19 mutant L747-A750>P exhibits distinct sensitivity to tyrosine
kinase inhibitors in lung adenocarcinoma. Clin Cancer Res. 2019;25(21):
6382–91. https://doi.org/10.1158/1078-0432.CCR-19-0780.

19. Ricciuti B, Baglivo S, Paglialunga L, Giglio AD, Bellezza G, Chiari R, et al.
Osimertinib in patients with advanced epidermal growth factor receptor
T790M mutation-positive non-small cell lung cancer: rationale, evidence and
place in therapy. Ther Adv Med Oncol. 2017;9(6):387–404. https://doi.org/1
0.1177/1758834017702820.

20. Li XM, Li WF, Lin JT, Yan HH, Tu HY, Chen HJ, et al. Predictive and
prognostic potential of TP53 in patients with advanced non-small-cell lung
cancer treated with EGFR-TKI: analysis of a phase III randomized clinical trial
(CTONG 0901). Clin Lung Cancer. 2021;22(2):100–109.e3. https://doi.org/10.1
016/j.cllc.2020.11.001.

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

Wang et al. BMC Cancer         (2021) 21:1215 Page 9 of 9

https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.lungcan.2017.04.016
https://doi.org/10.1016/j.semcancer.2019.09.015
https://doi.org/10.1038/nrc2088
https://doi.org/10.1016/j.jtho.2019.01.033
https://doi.org/10.21037/jtd.2016.05.95
https://doi.org/10.1097/JTO.0000000000000538
https://doi.org/10.1097/JTO.0000000000000538
https://doi.org/10.1097/JTO.0b013e31825ccae8
https://doi.org/10.1097/JTO.0b013e31825ccae8
https://doi.org/10.1097/JTO.0b013e318227e8c6
https://doi.org/10.1097/JTO.0b013e318227e8c6
https://doi.org/10.1016/j.ejca.2020.10.005
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1093/bioinformatics/btu549
https://doi.org/10.1093/bioinformatics/btu549
https://doi.org/10.1186/s12977-014-0112-x
https://doi.org/10.1186/s12977-014-0112-x
https://doi.org/10.1016/j.jtho.2016.12.014
https://doi.org/10.1016/j.critrevonc.2020.103194
https://doi.org/10.1016/j.critrevonc.2020.103194
https://doi.org/10.1016/j.jtho.2020.05.006
https://doi.org/10.1097/JTO.0000000000000106
https://doi.org/10.1097/JTO.0000000000000106
https://doi.org/10.1158/1078-0432.CCR-19-0780
https://doi.org/10.1177/1758834017702820
https://doi.org/10.1177/1758834017702820
https://doi.org/10.1016/j.cllc.2020.11.001
https://doi.org/10.1016/j.cllc.2020.11.001

	Abstract
	Background
	Methods
	Results
	Conclusions

	Key points
	Background
	Methods
	Patients
	DNA extraction and routine driver gene testing
	Evaluation
	Statistical analysis

	Results
	Patients’ baseline characteristics
	Baseline mutation profile
	The variants detected in uncommon EGFR 19delins cohort
	The clinical effects of first-line EGFR inhibitors
	The mechanisms of resistance to first-generation EGFR TKIs
	Clinical benefits of osimeritinib for patients developing T790M mutation

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

