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Introduction

Lung cancer is a public health problem worldwide. In 2021, 
it was estimated that around 235,760 new cases of lung 
neoplasms had been diagnosed, contributing to 131,880 
deaths secondary to cancer. Overall, lung cancer causes more 

deaths than breast, prostate, colorectal, and brain cancers 
combined (1,2). According to recent data from GLOBOCAN, 
lung cancer (11.4%) is the second most diagnosed neoplasm 
after breast cancer in women (11.7%) and the leading 
cause of cancer death, accounting for 18.0% of the total 
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cancer deaths (3). Among the lung cancer subtypes,  
non-small cell lung cancer (NSCLC) accounts for 85% of 
cases (4,5).

In recent years, identifying genetic mutations in the 
epidermal growth factor receptor (EGFR) has brought 
significant changes in diagnosing and managing patients 
with lung cancer (6). The EGFR gene is located on 
chromosome 7p11.2 and contains 28 exons. The protein 
it encodes has an extracellular domain, a transmembrane 
domain, and a cytoplasmic domain (7). The cytoplasmic 
domain (also called the tyrosine kinase domain) is 
responsible for the phosphorylation of its downstream 
targets and self-regulation. The impact of mutations in the 
EGFR gene falls on cell proliferation and differentiation 
regulation, hence its association with cancer (8,9).

The incidence of EGFR mutations differs significantly 
according to ethnicity, with incidences of 10–15% reported 
in European and North American populations, 26% in 
Latin America (10), and up to 62% in Asian people (11). In 
a recent study published by Suda et al. (12), in which 13,951 
samples were obtained from patients with lung cancer, it 
was shown that the rate of smoking was higher in patients 
with the mutation in the EGFR gene (P=0.02). Deletion of 
exon 19 and the missense mutations in exon 21 (L858R) are 
the most common mutations of the EGFR gene (80–90%). 
They are considered common mutations sensitive to 
treatment with tyrosine kinase inhibitors (TKIs) (13). The 
use of EGFR TKIs has been first-line therapy in treating 
NSCLC with EGFR mutations (14). Patients with advanced 
NSCLC with TKIs-sensitive EGFR mutations may develop 
progressive disease after 12 months, mainly from secondary 
EGFR mutations leading to TKIs resistance (15). The 
main mutation after TKIs management is the substitution 
of the threonine residue at position 790 with methionine 
(T790M) within exon 20 of the EGFR gene, corresponding 
to approximately half of the cases of acquired resistance to 
TKIs (16,17).

The presence of multiple mutations, defined as the 
presence of more than one EGFR mutation, has not 
been much studied, and the clinical impact is uncertain. 
Therefore, we carried out this systematic review to 
describe the most common multiple mutations in the 
EGFR gene with clinical data collection. We present the 
following article according to the Preferred Reporting 
Items for Systematic Meta-Analyses (PRISMA) reporting 
checklist (available at https://tlcr.amegroups.com/article/
view/10.21037/tlcr-22-235/rc).

Methods

Search strategy

We conduct a systematic review of descriptive studies, 
cohorts, and clinical trials published in Scopus, PubMed, 
Scielo, and Virtual Health Library literature. No limits were 
placed on the language or publication period in the search. 
The search was performed with the following terms: lung 
AND EGFR AND (“dual” or “multiple” AND “mutation”).

The PRISMA guidelines were followed for data 
extraction, analysis, and reporting (18). The search was 
carried out in December 2021. We consider papers available 
in the following languages: English and Spanish.

Study selection and data extraction

The inclusion criteria for the systematic review were 
descriptive studies, cohorts, and clinical trials with 
the presence of multiple mutations in the EGFR gene. 
Two reviewers (JJC and JPC) screened all the titles and 
abstracts from the publications and performed an eligibility 
assessment. Retrieved articles were rejected if the eligibility 
criteria were not met. A third reviewer (RPM) was consulted 
when eligibility criteria were unclear. Hand searches were 
performed from the papers that seemed to be relevant.

The extracted data from each article, when possible, 
were age, gender, smoking status, staging of the tumor, 
pathologic description of the tumor, kind of pathological 
sample, molecular method of diagnosis, history of TKIs 
use and resistance, and survival. All cases were analyzed 
individually and organized according to the exon with the 
lowest denomination present in the multiple mutations.

Data synthesis and analysis

Univariate analysis  was applied to determine the 
distribution of clinical and pathological findings.

Results

Systematic review literature

We identified 533 original articles in the databases. Three 
hundred and thirty-seven duplicates were identified. One 
hundred and ninety-six articles, including clinical trials, 
analytical studies, and descriptive studies, were evaluated for 
eligibility. Finally, 41 articles including descriptive studies 

https://tlcr.amegroups.com/article/view/10.21037/tlcr-22-235/rc
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which consist of (6,9,19-39) and (40-51) (n=35, 85.36%), 
cohorts (52) (n=1, 2.43%), and clinical trials (53-57) (n=5, 
12.19%) were included that contained data that met the 
eligibility criteria (Figure 1).

Multiple mutations data

Four hundred and forty-six cases with multiple mutations in 
the EGFR gene were found out of 46,679 samples included 
in the systematic review (0.95% of the total) (Tables 1,2). 
Although not all the articles mentioned the histological 
type of cancer, according to the report’s information, it 
was possible to collect 125 cases of adenocarcinoma, 7 
cases of adenosquamous carcinomas, 13 cases described 
as non-adenocarcinoma, and 1 case as bronchoalveolar 
carcinoma (previous terminology). The majority of samples 
were obtained after surgical (7 articles) or needle biopsy 
procedures (7 articles).

From the data of the patients included with follow-up, 
it was possible to obtain that the average progression-free 
survival (PFS) was 8 months (n=29 patients), and the overall 
survival (OS) was 19.3 months (n=24 patients).

The molecular techniques for the detection of EGFR 
gene mutations were: the Amplification Refractory 
Mutation System (ARMS) (1 article, 89 patients), methods 
based on polymerase chain reaction (PCR) (13 articles, 61 
patients), MiSeq system (3 articles, 12 patients), TruSeq 
Amplicon-Cancer Panel (1 article, 6 patients), and next 
generation sequencing (NGS) (2 articles, 2 patients).

The exon most involved in multiple mutations was 
exon 20 (n=382, 85.65% of the total), followed by exon 21 
(n=243, 54.48%) and exon 19 (n=172, 38.56%). The most 
prevalent dual mutations observed were T790M (de novo 
and acquired)/L858R (n=158, 35.42%) and del19/T790M 
(de novo and acquired) (n=140, 31.39%). Only one case 
was reported in exon 16 (detected by NGS) (48). Other 
information on dual mutations is present in Table 3.

In 181 cases (Table 1), we could obtain more clinical 
information in patients with multiple mutations in the 
EGFR gene. The average age was 61.2 years, being more 
frequent in women (n=91/149, 61.07%) and people without 
a history of smoking (n=105/133, 78.9%). In 175 cases (not 
including triple mutations), we could determine what type 
of multiple mutations were. One hundred cases were from 
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Figure 1 Flow chart of the systematic literature review.
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Table 1 Clinical and sociodemographic data of patients with multiple mutations in the EGFR gene

Author
Country/
region

Year
Number of 
total cases of 
lung cancer

Number of 
dual/triple 
mutations

Dual and triple mutations Age (years) Gender
Smoking 
history

Tumor 
staging

Pathology Pathological sample
Molecular techniques for 
the detection of EGFR 
gene mutations

Previous 
use of TKI 
medication

History 
of TKI 
resistance

PFS 
(months)

OS 
(months)

Huang  
SF (32)

Taiwan 2004 101 9 del19 (exon 19) + V769M (exon 20) 62 Male No Ia Adenocarcinoma Surgical sample PCR No Unknown Unknown Unknown

L858R (exon 21) + L838V (exon 21) 59 Female No IIIa Adenocarcinoma No Unknown Unknown Unknown

E709A (exon 18) + L858R (exon 21) 76 Male Yes IV Adenocarcinoma No Unknown Unknown Unknown

E709G (exon 18) + L858R (exon 21) 50 Female Yes IIIa Adenocarcinoma No Unknown Unknown Unknown

L833V (exon 21) + H835L (exon 21) 76 Female No Ib Adenocarcinoma No Unknown Unknown Unknown

G719C (exon 18) + S768I (exon 20) 75 Male No IIb Adenocarcinoma No Unknown Unknown Unknown

G719S (exon 18) + S768I (exon 20) 71 Female Yes IV Adenocarcinoma No Unknown Unknown Unknown

del19 (exon 19) + L861Q (exon 21) 66 Female No Unknown Adenocarcinoma Yes No Unknown 1.9

W731Stop (exon 19) + H773R (exon 20) 66 Male No Unknown Adenocarcinoma Yes Yes Unknown 1.5

Bean J (19) United 
States

2008 48 1 L858R (exon 21) + T854A (exon 21) 69 Female Yes Stage IIB Poorly differentiated 
adenocarcinoma

Unknown Rapid PCR-based 
detection

Yes Yes Unknown Unknown

Wu CC (40) Taiwan 2008 4,737 10 G719A (exon 18) + S768I (exon 20) 66 Female No IV Adenocarcinoma Surgical or needle 
biopsy/aspiration 
procedure

RT-PCR Yes No 1.25 2

S768I (exon 20) + L858R (exon 21) 45 Female No IV Adenocarcinoma Yes No 21.75 20

R776G (exon 20) + L858R (exon 21) 87 Female No IV Adenocarcinoma Yes No 0.25 1.0

R776H (exon 20) + L858R (exon 21) 52 Male Yes IV Adenocarcinoma Yes No 17.5 32

R776H (exon 20) + L861Q (exon 21) 65 Female No IV Adenocarcinoma Yes No 2.25 7

G779S (exon 20) + L858R (exon 21) 76 Female No IV Adenocarcinoma Yes No 15.25 23

T790M (exon 20) + L858R (exon 21) 80 Female No IV Adenocarcinoma Yes No 2.25 7

T790M (exon 20) + L858R (exon 21) 55 Female No IV Adenocarcinoma Yes No 2.25 30

T790M (exon 20) + L858R (exon 21) 66 Male Yes IV Adenocarcinoma No No Unknown 36

N771_H773dupNPH (exon 20) + H773_V774insG (exon 20) 78 Female No Ib Adenocarcinoma No Unknown Unknown 17

Jia XL (21) China 2011 6,990 7 G719S (exon 18) + L747S (exon 19) 49 Male No Unknown Adenosquamous carcinoma Surgical sample PCR No Unknown Unknown Unknown

del19 (exon 19) + D807N (exon 20) 54 Female No Unknown Adenosquamous carcinoma No Unknown Unknown Unknown

del19 (exon 19) + Q787Q (exon 20) 53 Male No Unknown Adenosquamous carcinoma No Unknown Unknown Unknown

del19 (exon 19) + K754A (exon 19) + Q787Q (exon 20) 45 Male No Unknown Adenosquamous carcinoma No Unknown Unknown Unknown

Q787Q (exon 20) + L858R (exon 21) 63 Female No Unknown Adenosquamous carcinoma No Unknown Unknown Unknown

 Q787Q (exon 20) + L858R (exon 21) 64 Female No Unknown Adenosquamous carcinoma No Unknown Unknown Unknown

Q787Q (exon 21) + H850R (exon 21) 57 Male Yes Unknown Adenosquamous carcinoma No Unknown Unknown Unknown

Johnson  
ML (53)

United 
States

2011 21 12 del19 (exon 19) + T790M (exon 20) (10 cases) Unknown Unknown Unknown Unknown Adenocarcinoma Unknown Mutation specific PCR-
based methods

Yes Yes Unknown Unknown

T790M (exon 20) + L858R (exon 21) (2 cases) Unknown Unknown Unknown Unknown Adenocarcinoma Yes Yes Unknown Unknown

Kim SH (54) Korea 2013 16 1 2317-2319 CAC dup (exon 20) + L858R (exon 21) 69 Female No Unknown Adenocarcinoma Unknown RT-PCR No No 1.0 Unknown

Tsao AS (57) United 
States

2013 54 4 del19 (exon 19) + T790M (exon 20) Unknown Unknown Unknown Unknown Unknown Unknown MiSeq system Yes Yes 3.8 5.5

del19 (exon 19) + C797S (exon 20)  Unknown Unknown Unknown Unknown Unknown No No 0.9 1.0

T790M (exon 20) + L858R (exon 21) Unknown Unknown Unknown Unknown Unknown Yes Yes 1.9 4.1

V802I (exon 20) + K852R (exon 21) Unknown Unknown Unknown Unknown Unknown Yes Yes 2.6 6.3

Table 1 (continued)
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Table 1 (continued)

Author
Country/
region

Year
Number of 
total cases of 
lung cancer

Number of 
dual/triple 
mutations

Dual and triple mutations Age (years) Gender
Smoking 
history

Tumor 
staging

Pathology Pathological sample
Molecular techniques for 
the detection of EGFR 
gene mutations

Previous 
use of TKI 
medication

History 
of TKI 
resistance

PFS 
(months)

OS 
(months)

Landi L (25) Italy 2014 96 8 del19 (exon 19) + T790M (exon 20) Unknown Unknown Unknown Unknown Unknown Unknown RGQ PCR kit No Unknown 1.5 16.9

del19 (exon 19) + T790M (exon 20) Unknown Unknown Unknown Unknown Unknown No Unknown 15.4 19.16

del19 (exon 19) + T790M (exon 20) Unknown Unknown Unknown Unknown Unknown Yes Unknown 1.9 2.14

del19 (exon 19) + T790M (exon 20) Unknown Unknown Unknown Unknown Unknown Yes Unknown 2.20 5.32

del19 (exon 19) + T790M (exon 20) Unknown Unknown Unknown Unknown Unknown Yes Unknown 8 9.5

del19 (exon 19) + T790M (exon 20) Unknown Unknown Unknown Unknown Unknown Yes Unknown 3.8 3.91

T790M (exon 20) + unspecified mutation (exon 21) Unknown Unknown Unknown Unknown Unknown Yes Unknown 5.1 10.35

del19 (exon 19) + T790M (exon 20) Unknown Unknown Unknown Unknown Unknown Yes Unknown 1.1 2.5

Shan L (29) China 2015 92 2 del19 (exon 19) + T790M (exon 20) Unknown Unknown Unknown Unknown Unknown Surgical or needle 
biopsy procedure

Unknown Yes Unknown 20.5 Unknown

del19 (exon 19) + exon 20 ins Unknown Unknown Unknown Unknown Unknown Yes Unknown 4.2 Unknown

Svaton  
M (33)

Czech 
Republic

2015 1 1 G719X (exon 18) + S768I (exon 20) 63 Female Yes IV Adenocarcinoma Unknown RT-PCR  No Yes Unknown Unknown

Lou Y (27) United 
States

2016 427 5 G719S (exon 18) + T790M (exon 20) 51 Female No IV, T4N2M1 Adenocarcinoma Unknown PCR amplifications No Unknown Unknown Unknown

del19 (exon 19) + T790M (exon 20) 71 Male No IV, T2N3M1 Adenocarcinoma No Unknown Unknown Unknown

T790M (exon 20) + L858R (exon 21) 62 Female No IV, T2N0M1 Bronchoalveolar carcinoma No Unknown Unknown Unknown

del19 (exon 19) + T790M (exon 20) + L858R (exon 21) 53 Female No IIIA, T4N0M0 Adenocarcinoma No Unknown Unknown Unknown

T790M (exon 20) + L858R (exon 21) 34 Female No IV, T4N3M1 Adenocarcinoma No Unknown Unknown Unknown

Ortiz-Cuaran 
S (28)

Germany 2016 7 7 del19 (exon 19) + T790M (exon 20) 71 Female Unknown Unknown Adenocarcinoma Biopsy tissue sample MiSeq system No Yes Unknown Unknown

T790M (exon 20) + L861Q (exon 21) 64 Female Unknown Unknown Adenocarcinoma No Yes Unknown Unknown

del19 (exon 19) + T790M (exon 20) 54 Female Unknown Unknown Adenocarcinoma No Yes Unknown Unknown

T790M (exon 20) + L858R (exon 21) 57 Male Unknown Unknown Adenocarcinoma No Yes Unknown Unknown

del19 (exon 19) + T790M (exon 20) 60 Male Unknown Unknown Adenocarcinoma No Yes Unknown Unknown

del19 (exon 19) + T790M (exon 20) 56 Female Unknown Unknown Adenocarcinoma No Yes Unknown Unknown

del19 (exon 19) + T790M (exon 20) 51 Female Unknown Unknown Adenocarcinoma No Yes Unknown Unknown

Jiang L (22) China 2017 297 1 del19 (exon 19) + T790M (exon 20) Unknown Unknown Unknown Unknown Adenocarcinoma Unknown Unknown Unknown Yes Unknown Unknown

Kadabur  
L (23)

India 2017 6 4 Unspecified mutation (exon 21) + L858R (exon 21) 56 Female No Unknown Adenocarcinoma Biopsy tissue sample RT-PCR No Unknown Unknown Unknown

Unspecified mutation (exon 21) + L858R (exon 21) 50 Female No Unknown Adenocarcinoma Biopsy tissue sample No Unknown Unknown Unknown

T790M (exon 20) + L858R (exon 21) 40 Female No Unknown Adenocarcinoma Needle aspiration 
cytology

No Unknown Unknown Unknown

T790M (exon 20) + L858R (exon 21) 54 Unknown Yes No Adenocarcinoma Biopsy tissue sample No Unknown Unknown Unknown

Suryavanshi 
M (30)

India 2017 76 1 T790M (exon 20) + L858R (exon 21) 54 Male Unknown Unknown Adenocarcinoma Biopsy tissue sample RGQ PCR kit Yes Yes Unknown Unknown

Table 1 (continued)
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Table 1 (continued)

Author
Country/
region

Year
Number of 
total cases of 
lung cancer

Number of 
dual/triple 
mutations

Dual and triple mutations Age (years) Gender
Smoking 
history

Tumor 
staging

Pathology Pathological sample
Molecular techniques for 
the detection of EGFR 
gene mutations

Previous 
use of TKI 
medication

History 
of TKI 
resistance

PFS 
(months)

OS 
(months)

van Veggel  
B (56)

Netherlands 2018 8 6 del19 (exon 19) + T790M (exon 20) 62 Female Unknown IV Unknown Unknown TruSeq Amplicon-Cancer 
Panel (Illumina)

Yes Yes 1.2 Unknown

T790M (exon 20) + L858R (exon 21) 70 Male Unknown IV Unknown Yes Yes 1.4 Unknown

del19 (exon 19) + T790M (exon 20) 79 Female Unknown IV Unknown Yes Unknown 1.3 Unknown

del19 (exon 19) + T790M (exon 20) 37 Female Unknown IV Unknown Yes No 1.4 Unknown

del19 (exon 19) + T790M (exon 20) 66 Female Unknown IV Unknown Yes Yes 1.4 Unknown

T790M (exon 20) + L858R (exon 21) 72 Female Unknown IV Unknown Yes Yes 2.1 Unknown

Zaemes  
J (31)

United 
States

2018 1 1 G719S (exon 18) + S768I (exon 20) 82 Female No Unknown Adenocarcinoma Biopsy tissue sample TruSight tumor panel on 
the Illumina MiSeq

No No Unknown Unknown

Gao X (52) China 2019 16,347 89 del19 (exon 19) + T790M (exon 20) (22 cases) <60  
(10 cases), 
>60  
(12 cases)

Female  
(12 cases), 
male  
(10 cases)

No  
(17 cases), 
yes (4 
cases)

IA  
(13 cases),  
IB–IIIA  
(6 cases)

Adenocarcinoma  
(20 cases), non-
adenocarcinoma  
(1 case)

Unknown The ARMS No Unknown Unknown Unknown

T790M (exon 20) + L858R (exon 21) (63 cases) <60  
(26 cases), 
>60  
(37 cases)

Female  
(37 cases), 
male  
(26 cases)

No  
(51 cases), 
yes  
(12 cases)

IA  
(33 cases),  
IB–IIIA  
(27 cases)

Adenocarcinoma  
(49 cases), non-
adenocarcinoma  
(12 cases)

No Unknown Unknown Unknown

T790M (exon 20) + L861Q (exon 21) Unknown Unknown Unknown Unknown Unknown No Unknown Unknown Unknown

G719X (exon 18) + T790M (exon 20) Unknown Unknown Unknown Unknown Unknown No Unknown Unknown Unknown

del19 (exon 19) + T790M (exon 20) + L858R (exon 21) (2 cases) Unknown Unknown Unknown Unknown Unknown No Unknown Unknown Unknown

Hu Y (20) China 2019 1 1 del19 (exon 19) + T790M (exon 20) 43 Male No IIIa, T1N2M0 Adenocarcinoma Surgical sample NGS Yes Yes Unknown Unknown

Zhang Z (50) China 2020 13 8 T790M (exon 20) + L858R (exon 21) Unknown Male Yes Unknown Unknown Unknown Unknown Yes Unknown Unknown Unknown

T790M (exon 20) + L858R (exon 21) Unknown Female No Unknown Unknown Yes Unknown Unknown Unknown

del19 (exon 19) + T790M (exon 20) Unknown Male Yes Unknown Unknown Yes Unknown Unknown Unknown

del19 (exon 19) + T790M (exon 20) Unknown Female No Unknown Unknown Yes Unknown Unknown Unknown

del19 (exon 19) + T790M (exon 20) Unknown Male No Unknown Unknown Yes Unknown Unknown Unknown

E709K (exon 18) + L858R (exon 21) Unknown Female No Unknown Unknown Yes Unknown Unknown Unknown

T790M (exon 20) + H805L (exon 20) + L858R (exon 21) Unknown Male No Unknown Unknown Unknown Unknown Unknown Unknown

T790M (exon 20) + L858R (exon 21) + D1012E (unknown exon) Unknown Male Yes Unknown Unknown Unknown Unknown Unknown Unknown

Lahmadi  
M (24)

Algeria 2021 58 2 del19 (exon 19) + L858R (exon 21) Unknown Male Unknown Unknown Adenocarcinoma Surgical or needle 
biopsy procedure

Mutation specific PCR-
based methods

Unknown Unknown Unknown Unknown

del19 (exon 19) + L858R (exon 21) Unknown Female Unknown Unknown Adenocarcinoma Unknown Unknown Unknown Unknown

Bie Y (48) China 2021 1 1 L643V (exon 16) + del19 (exon 19) 60 Female No I, pT1N0M0 Adenocarcinoma Surgical sample NGS No Yes Unknown Unknown

EGFR, epidermal growth factor receptor; PCR, polymerase chain reaction; RT-PCR, reverse transcription-polymerase chain reaction; RGQ, Rotor-Gene Q; ARMS, Amplification Refractory Mutation System; TKI, tyrosine kinase inhibitor; NGS, next generation sequencing; PFS, progression-free survival; OS, 
overall survival.
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Table 2 Other multiple mutations

Author
Country/
region

Year
Number of 
total cases of 
lung cancer

Number of 
dual/triple 
mutations

Dual and triple mutations

Kosaka  
T (45)

Japan 2004 277 4 G719X (exon 18) + E709H (exon 18) 
S768I (exon 20) + L858R (exon 21) 
R776C (exon 20) + L858R (exon 21) 
T790M (exon 20) + L858R (exon 21)

Shigematsu H 
(46)

Japan, Taiwan, 
United States 
and Australia

2005 617 3 G719S (exon 18)+ S768I (exon 20) 
I715S (unknown exon) + S720F (unknown exon) + L861Q (exon 21) 
G719C (exon 18) + E709V (exon 18) + L718L (unknown exon)

Yokoyama  
T (41)

Japan 2006 264 7 G719S (exon 18) + S768I (exon 20) 
G719C (exon 18) + S768I (exon 20) 
S768I (exon 20) + V769L (exon 20) 
S768I (exon 20)+ V774M (exon 20) 
E709K (exon 18) + L858R (exon 21) 
E709G (exon 18) + L858R (exon 21) 
E709A (exon 18) + L858R (exon 21)

Janjigian  
YY (55)

Netherlands 
and United 
States

2014 201 73 del19 (exon 19) + T790M (exon 20) (44 cases) 
T790M (exon 20) + L858R (exon 21) (24 cases) 
G719S (exon 18) + T790M (exon 20) 
G719A (exon 18) + T790M (exon 20) 
G719C (exon 18) + T790M (exon 20) 
S768I (exon 20) + T790M (exon 20) 
T790M (exon 20) + L861Q (exon 21)

Li B (26) China 2015 100 3 Unspecified mutation (exon 19) + unspecified mutation (exon 21) (3 cases)

Dolesova L (9) Slovakia 2015 450 1 S768I (exon 20) + L858R (exon 21)

Udupa KS (42) India 2015 85 2 G719X (exon 18) + L858R (exon 21) 
G719X (exon 18) + L858R (exon 21)

Ardakani NM (35) Australia 2016 493 10 del19 (exon 19) + T790M (exon 20) 
E709K (exon 18) + L858R (exon 21) 
E709G (exon 18) + L858R (exon 21) 
G719A (exon 18) + S768I (exon 20) 
G719A (exon 18) + S768I (exon 20) 
T790M (exon 20) + L858R (exon 21) 
T790M (exon 20) + L858R (exon 21) 
S768I (exon 20) + L858R (exon 21) 
R776C (exon 20) + L858R (exon 21) 
E709G (exon 18) + L858R (exon 21)

Labbé  
C (38)

Canada 2017 105 5 Unspecified mutation (exon 20) + unspecified mutation (exon 21) 
Unspecified mutation (exon 20) + unspecified mutation (exon 21) 
Unspecified mutation (exon 19) + unspecified mutation (exon 20) 
Unspecified mutation (exon 18) + unspecified mutation (exon 21) 
Unspecified mutation (exon 18) + unspecified mutation (exon 21) 

Choi  
YW (37)

Korea 2018 60 4 Unspecified mutation (exon 18) + L858R (exon 21) 
del19 (exon 19) + L858R (exon 21) 
Unspecified mutation (exon 18) + del19 (exon 19) 
Unspecified mutation (exon 18) + unspecified mutation (exon 20)

Wei Y (34) China 2018 41 4 S768I (exon 20) + L858R (exon 21) 
T790M (exon 20) + L858R (exon 21) 
T790M (exon 20) + L858R (exon 21) 
del19 (exon 19) + T790M (exon 20)

Table 2 (continued)
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Table 2 (continued)

Author
Country/
region

Year
Number of 
total cases of 
lung cancer

Number of 
dual/triple 
mutations

Dual and triple mutations

Rana V (44) India 2018 152 1 del19 (exon 19) + L858R (exon 21)

Kate S (51) India 2019 1,260 44 del19 (exon 19) + T790M (exon 20) (17 cases) 
T790M (exon 20) + L858R (exon 21) (15 cases) 
G719X (exon 18) + S768I (exon 20) (3 cases) 
S768I (exon 20) + L858R (exon 21) (2 cases) 
G719X (exon 18) + T790M (exon 20) 
G779S (exon 20) + L858R (exon 21) 
del19 (exon 19) + exon 20 ins 
L858R (exon 21) + L861Q (exon 21) 
T790M (exon 20) + S768I (exon 20) 
T790M (exon 20) + L861I (exon 21) 
G719X (exon 18) + S768I (exon 20) + L858R (exon 21)

Wang X (6) United States 2019 307 1 T790M (exon 20) + L858R (exon 21)

Chen K (36) China 2020 600 5 G719X (exon 18) + L861Q (exon 21) 
G719X (exon 18) + S768I (exon 20) 
T790M (exon 20) + L858R (exon 21) 
T790M (exon 20) + L858R (exon 21) 
del19 (exon 19) + L858R (exon 21)

Nakra T (39) India 2020 3,436 19 del19 (exon 19) + T790M (exon 20) 
del19 (exon 19) + L858R (exon 21) 
D761Y (exon 19) + L858R (exon 21) 
Unspecified mutation (exon 19) + L858R (exon 21) 
T790M (exon 20) + L858R (exon 21) 
G719X (exon 18) + L858R (exon 21) 
G719X (exon 18) + L861Q (exon 21) 
G719X (exon 18) + Unspecified mutation (exon 20) 
S768I (exon 20) + L858R (exon 21) 
G719X (exon 18) + unspecified mutation (exon 19) 
G719X (exon 18) + T790M (exon 20) 
S768I (exon 20) + L858R (exon 21) 
L858R (exon 21) + G810V (unspecified exon) 
E734K (exon 19) + L858R (exon 21) 
Unspecified mutation (exon 19) + unspecified mutation (exon 20) 
del19 (exon 19) + del19 (exon 19) 
G719X (exon 18) + E734K (exon 19) 
G719X (exon 18) + S768I (exon 20) 
L858R (exon 21) + A871G (unspecified exon)

Tang Y (43) China 2020 1,293 51 T790M (exon 20) + L858R (exon 21) (31 patients) 
del19 (exon 19) + T790M (exon 20) (20 patients)

Brindel  
A (49)

France 2020 7,539 27 G719X (exon 18) + S768I (exon 20) (9 cases) 
G719X (exon 18) + E709X (exon 18) (7 cases) 
E709X (exon 18) + L858R (exon 21) (4 cases) 
S768I (exon 20) + L858R (exon 21) (3 cases) 
G719X (exon 18) + L858R (exon 21) (2 cases) 
G719X (exon 18) + L861Q (exon 21) (2 cases)

Cruz Castellanos 
P (47)

Spain 2021 1 1 G719X (exon 18) + L858R (exon 21)
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Table 3 Most frequent dual mutations according to exon location

First mutation Second mutation N (cases)

Exon 16

L643V (exon 16) del19 (exon 19) 1

Exon 18

G719X (exon 18) S768I (exon 20) 15

E709X (exon 18) 7

L858R (exon 21) 6

L861Q (exon 21) 4

T790M (exon 20) 3

E709H (exon 18) 1

E734K (exon 19) 1

Unspecified mutation (exon 19) 1

Unspecified mutation (exon 20) 1

G719S (exon 18) S768I (exon 20) 4

T790M (exon 20) 2

L747S (exon 19) 1

G719A (exon 18) S768I (exon 20) 3

T790M (exon 20) 1

G709G (exon 18) L858R (exon 21) 4

E709X (exon 18) L858R (exon 21) 4

Unspecified mutation (exon 18) Unspecified mutation (exon 21) 2

del19 (exon 19) 1

L858R (exon 21) 1

Unspecified mutation (exon 20) 1

E709K (exon 18) L858R (exon 21) 3

G719C (exon 18) S768I (exon 20) 2

T790M (exon 20) 1

E709A (exon 18) L858R (exon 21) 2

Total number 71

Exon 19

del19 (exon 19) T790M (exon 20) 140

L858R (exon 21) 6

Exon 20 ins 2

D807N (exon 20) 1

Q787Q (exon 20) 1

C797S (exon 20) 1

L861Q (exon 21) 1

del19 (exon 19) 1

V769M (exon 20) 1

Table 3 (continued)
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Table 3 (continued)

First mutation Second mutation N (cases)

Unspecified mutation (exon 19) Unspecified mutation (exon 21) 4

Unspecified mutation (exon 20) 2

W731Stop (exon 19) H773R (exon 20) 1

D761Y (exon 19) L858R (exon 21) 1

E734K (exon 19) L858R (exon 21) 1

Total number 154

Exon 20

T790M (exon 20) L858R (exon 21) 158

L861Q (exon 21) 3

S768I (exon 20) 2

L861I (exon 21) 1

Unspecified mutation (exon 21) 1

S768I (exon 20) L858R (exon 21) 12

V769L (exon 20) 1

V774M (exon 20) 1

Q787Q (exon 20) L858R (exon 21) 2

H850R (exon 21) 1

R776C (exon 20) L858R (exon 21) 2

R776G (exon 20) L858R (exon 21) 1

R776H (exon 20) L858R (exon 21) 1

L861Q (exon 21) 1

G779S (exon 20) L858R (exon 21) 2

Unspecified mutation (exon 20) Unspecified mutation (exon 21) 2

N771_H773dupNPH (exon 20) H773_V774insG (exon 20) 1

2317-2319 CAC dup (exon 20) L858R (exon 21) 1

V802I (exon 20) K852R (exon 21) 1

Total number 194

Exon 21

L858R (exon 21) L838V (exon 21) 1

T854A (exon 21) 1

Unspecified mutation (exon 21) 2

L861Q (exon 21) 1

G810V (unspecified exon) 1

A871G (unspecified exon) 1

L833V (exon 21) H835L (exon 21) 1

Total number 8
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patients in the group with any EGFR gene mutation (except 
deletion in exon 19, L858R, and de novo T790M) plus a de 
novo mutation T790M in the EGFR gene, 60 cases from the 
group with the presence of a deletion in exon 19 or L858R, 
and any EGFR gene mutation (except deletion in exon 19, 
L858R, and de novo T790M), 12 cases from the group of a 
combination of any EGFR gene mutation (except deletion 
in exon 19, L858R, and de novo T790M) and two cases of 
combination of deletion in exon 19 and L858R mutation.

In 140 of the 175 patients, the T790M mutation of exon 20 
was present, of which 100 cases were de novo, and 40 patients 
were acquired after TKI treatment. In the group of de novo 
T790M mutations, it can be established from the cases with 
clinical information that the mean age was 55.18 years, none 
was previously managed with TKIs, and the PFS and OS 
were 8.45 months (1 article, 2 patients) and 24.02 months 
(2 articles, 3 patients), respectively. However, survival data is 
limited to a small number of cases. In the case of patients with 
T790M acquired mutation, the average age was 61.69 years;  
90% of the subjects had previous management with TKIs, 
where the majority were first-generation TKIs. In this group 
of patients, more information on patients was available, and 
the PFS was 3.62 months (5 articles, 17 patients) and OS  
8.03 months (3 articles, 10 patients).

Triple mutations were found in 9 cases (2.017%). 
In 5 of them, the dual T790M/L858R mutations were 
associated with a third variable mutation. Interestingly, in 
two instances, triple mutations were composed of the most 
frequent mutations found in our study: del19/T790M/
L858R. The cases are described in greater detail in Table 4.

Discussion

Multiple mutations in the EGFR gene are a rare event. We 

found 446 of 46,679 patients with multiple mutations in the 
present review. These mutations were reported mainly in 
exons 18 to 21. Only one case reported mutation in exon 
16 (48). We included patients from different ethnicity, 
predominantly Asian and European. The most common 
multiple mutation was the L858R mutation in exon 21 with 
the T790M in exon 20 (de novo and acquired). In contrast to 
Kate et al. (51), the most common multiple mutations were 
a deletion in exon 19 with the T790M mutation in exon 
20. In our study, there were 158 patients with the L858R 
and T790M mutations, from which detailed information 
could be obtained in some of them. Gao et al. (52) reported 
63 cases, of which 37 (58.7%) patients were older than 60 
years, 37 cases were women (58.7%), most of these patients 
had no history of smoking (80.9%), and in 49 cases (77.7%) 
were adenocarcinomas.

The most common single mutation associated with dual 
mutations was the mutation in exon 20 (T790M) (de novo 
and acquired), with 305 cases in total. In the patients with 
the T790M mutation that we were able to collect data from 
(138 patients), we found that patients with the acquired 
T790M mutation are more frequent with the subgroup 
of patients with a deletion in exon 19. In contrast, de novo 
mutations are more abundant in patients with the L858R 
mutation. Liang et al. (58) analyzed 25 studies including 
1,770 patients; they observed that T790M was more 
frequent in exon 19 deletion than in L858R among patients 
with acquired resistance to TKIs.

According to previous data, around 73% of lung cancers 
with the T790M mutation have a second mutation in 
the EGFR gene (59). In our study, the T790M mutation 
(including de novo and acquired cases) was present in 
69.05% (n=310/446) of all multiple mutations. This 
mutation is usually detected in NSCLC patients previously 
exposed to TKIs, where approximately half of the cases 
developed resistance to this type of drug (39). The study by 
Singh et al. (60). showed that the coexistence of the de novo 
EGFR T790M mutation with any other EGFR mutation had 
primary resistance to first- and second-generation EGFR 
TKIs. A hypothesis suggests that the T790M mutation 
by itself could be a weak oncogene, requiring a secondary 
mutation to enhance cancer development (59). However, 
clinical follow-up data are limited to a few patients. We 
found that the PFS and OS from patients with acquired 
T790M mutation plus other mutations (PFS: 3.6 months, 
OS: 8.2 months) are lower than patients with de novo 
T790M mutation plus other mutations (PFS: 8.4 months, 
OS: 24 months). In the study by Lin et al. (61), it was shown 

Table 4 Triple mutations

Triple mutations N

del19 (exon 19), T790M (exon 20), L858R (exon 21) 3

del19 (exon 19), K754A (exon 19), Q787Q (exon 20) 1

T790M (exon 20), H805L (exon 20), L858R (exon 21) 1

T790M (exon 20), L858R (exon 21), D1012E (unknown exon) 1

I715S (unknown exon), S720F (unknown exon), L861Q (exon 21) 1

G719C (exon 18), E709V (exon 18), L718L (unknown exon) 1

G719X (exon 18), S768I (exon 20), L858R (exon 21) 1

Total number 9
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that patients with acquired multiple mutations with the 
presence of the T790M mutation have a lower median PFS 
and OS compared to patients without this mutation (median 
PFS 2.9 vs. 9.7 months; median OS 17.8 vs. 31 months). 
Liang et al. (58) suggested that patients with T790M 
mutation and deletion in exon 19 may be more likely to 
benefit from osimertinib than those with L858R; hence 
first-generation TKIs may be less recommended in patients 
with exon 19 deletion. Recently Moriya et al. (62) conducted 
a study showing that management with a third-generation 
TKI such as osimertinib achieved a longer PFS than first- 
and second-generation TKIs. The meta-analysis presented 
by Liu et al. (63) showed that the acquired T790M mutation 
was not predictive of a superior OS. However, unlike 
the study by Lin et al. (61) and the present study, it was 
demonstrated that the acquired T790M mutation had a 
higher PFS and OS compared to patients with the de novo 
T790M mutation. It should be noted that these data are 
not explicitly extracted from cases with multiple EGFR 
mutations. Also, the clinical behavior of patients with 
uncommon EGFR mutations against TKIs is variable; for 
example, the S768I mutation is resistant to first-generation 
TKIs (gefitinib/erlotinib), while insertions in the exon 
20 confer resistance to first and second-generation TKIs 
(afatinib) (64).

In vitro studies have observed that dual mutations reduce 
the response to TKIs compared with one mutation (65,66). 
A recent systematic review by Attili et al. (67) described that 
the objective response rate (ORR) and the PFS are different 
in patients with dual common and uncommon mutations 
treated with first-generation or second-generation TKIs. 
They defined common mutation as the deletion in exon 
19 or L858R mutation; and uncommon mutation as any 
mutation but L858R, exon 19 deletions, or de novo T790M 
mutation. They found that patients with uncommon 
dual mutations had less ORR and PFS than common 
dual mutations. They concluded that in patients with 
common dual mutations and dual mutations of common 
and uncommon, the similar overall response and survival 
outcomes with any TKIs are similar to a single common 
EGFR mutation. At the same time, the patients with 
uncommon mutations have higher benefits with second and 
third-generation TKIs.

The nine cases with triple mutations in the world 
literature are interesting. It was possible only to obtain 
information from four patients from our analysis. It is striking 

to see that a large percentage of the mutations involved are 
the most common mutations, including exon 19 deletions, 
L858R and T790M; which raises the hypothesis that with the 
development of last generation TKIs, the tumor biologically 
must give “third hits” to maintain its oncogenic activity. 
Especially, third-generation TKIs have shown better efficacy 
and safety profiles than other inhibitors. However, their 
resistance mechanism is more heterogeneous than that of 
other inhibitors, and in many cases, the resistance mechanism 
has not yet been identified (68).

This article has limitations. The most important was 
that clinical information data could not be collected in a 
large percentage of patients. In addition, where data were 
available, the type of information was not uniform, which 
prevented the extraction of accurate epidemiological data, 
especially regarding patient follow-up. Also, in general, 
when studying multiple EGFR gene mutations in patients 
with lung neoplasms, there is a risk that a mutation may 
be missed because molecular screening techniques are 
used in many medical centers and not specific genotyping  
methods (69). In our study, we mainly analyzed patients 
with deletions in exon 19; however, according to a recent 
study by Chen et al. (70), there are a large number of 
variants in this type of mutation (different starting locations 
and with or without amino acid insertion/substitution) that 
may have clinical repercussions, for which we consider it 
essential to take this into account for future studies.

Conclusions

According to our analysis, multiple mutations in the EGFR 
gene are found in less than 1% of the samples studied in 
patients with lung neoplasms. The most frequent dual 
mutations were T790M with L858R and exon 19 deletions 
with T790M. The most common single mutation associated 
with dual mutations was the mutation in exon 20 (T790M) 
(de novo and acquired). Acquired T790M mutations are more 
frequent in the subgroup of patients with a deletion in exon 
19, whereas de novo mutations are more abundant in patients 
with the L858R mutation. The presence of T790M mutation 
showed poor outcomes in the follow-up of patients.

Acknowledgments

Funding: This research was supported by Instituto Nacional 
de Cancerologia, Bogota, Colombia.



Castañeda-González et al. Multiple mutations in the EGFR gene in lung cancer2160

© Translational Lung Cancer Research. All rights reserved.   Transl Lung Cancer Res 2022;11(10):2148-2163 | https://dx.doi.org/10.21037/tlcr-22-235

Footnote

Reporting Checklist: The authors have completed the 
PRISMA reporting checklist. Available at https://tlcr.
amegroups.com/article/view/10.21037/tlcr-22-235/rc

Conflicts of Interest: All authors have completed the ICMJE 
uniform disclosure form (available at https://tlcr.amegroups.
com/article/view/10.21037/tlcr-22-235/coif). The authors 
have no conflicts of interest to declare.

Ethical Statement: 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.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1.	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. 
CA Cancer J Clin 2020;70:7-30.

2.	 Majeed U, Manochakian R, Zhao Y, et al. Targeted therapy 
in advanced non-small cell lung cancer: current advances 
and future trends. J Hematol Oncol 2021;14:108.

3.	 Sung H, Ferlay J, Siegel RL, et al. Global Cancer Statistics 
2020: GLOBOCAN Estimates of Incidence and Mortality 
Worldwide for 36 Cancers in 185 Countries. CA Cancer J 
Clin 2021;71:209-49.

4.	 Govindan R, Page N, Morgensztern D, et al. Changing 
epidemiology of small-cell lung cancer in the United 
States over the last 30 years: analysis of the surveillance, 
epidemiologic, and end results database. J Clin Oncol 
2006;24:4539-44.

5.	 Arbour KC, Riely GJ. Systemic Therapy for Locally 
Advanced and Metastatic Non-Small Cell Lung Cancer: A 
Review. JAMA 2019;322:764-74.

6.	 Wang X, Chen S, Emerson RE, et al. Molecular Testing 
for EGFR Mutations and ALK Rearrangements in the 
Cytological Specimens From the Patients With Non-

Small Cell Lung Cancer. Appl Immunohistochem Mol 
Morphol 2019;27:119-24.

7.	 Roberts SK, Tynan CJ, Winn M, et al. Investigating 
extracellular in situ EGFR structure and conformational 
changes using FRET microscopy. Biochem Soc Trans 
2012;40:189-94.

8.	 Blume-Jensen P, Hunter T. Oncogenic kinase signalling. 
Nature 2001;411:355-65.

9.	 Dolesova L, Konecny M, Markus J, et al. Molecular 
analysis of EGFR gene in different types of tumor material 
from NSCLC patients. Neoplasma 2015;62:439-48.

10.	 Arrieta O, Cardona AF, Martín C, et al. Updated 
Frequency of EGFR and KRAS Mutations in NonSmall-
Cell Lung Cancer in Latin America: The Latin-American 
Consortium for the Investigation of Lung Cancer 
(CLICaP). J Thorac Oncol 2015;10:838-43.

11.	 Shi Y, Au JS, Thongprasert S, et al. A prospective, 
molecular epidemiology study of EGFR mutations in 
Asian patients with advanced non-small-cell lung cancer of 
adenocarcinoma histology (PIONEER). J Thorac Oncol 
2014;9:154-62.

12.	 Suda K, Mitsudomi T, Shintani Y, et al. Clinical Impacts 
of EGFR Mutation Status: Analysis of 5780 Surgically 
Resected Lung Cancer Cases. Ann Thorac Surg 
2021;111:269-76.

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

14.	 Wu L, Ke L, Zhang Z, et al. Development of EGFR TKIs 
and Options to Manage Resistance of Third-Generation 
EGFR TKI Osimertinib: Conventional Ways and Immune 
Checkpoint Inhibitors. Front Oncol 2020;10:602762.

15.	 Maemondo M, Inoue A, Kobayashi K, et al. Gefitinib or 
chemotherapy for non-small-cell lung cancer with mutated 
EGFR. N Engl J Med 2010;362:2380-8.

16.	 Yu HA, Arcila ME, Rekhtman N, et al. Analysis of tumor 
specimens at the time of acquired resistance to EGFR-TKI 
therapy in 155 patients with EGFR-mutant lung cancers. 
Clin Cancer Res 2013;19:2240-7.

17.	 Arcila ME, Oxnard GR, Nafa K, et al. Rebiopsy of 
lung cancer patients with acquired resistance to EGFR 
inhibitors and enhanced detection of the T790M mutation 
using a locked nucleic acid-based assay. Clin Cancer Res 
2011;17:1169-80.

18.	 Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 

https://tlcr.amegroups.com/article/view/10.21037/tlcr-22-235/rc
https://tlcr.amegroups.com/article/view/10.21037/tlcr-22-235/rc
https://tlcr.amegroups.com/article/view/10.21037/tlcr-22-235/coif
https://tlcr.amegroups.com/article/view/10.21037/tlcr-22-235/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/


Translational Lung Cancer Research, Vol 11, No 10 October 2022 2161

© Translational Lung Cancer Research. All rights reserved.   Transl Lung Cancer Res 2022;11(10):2148-2163 | https://dx.doi.org/10.21037/tlcr-22-235

2020 statement: an updated guideline for reporting 
systematic reviews. Syst Rev 2021;10:89.

19.	 Bean J, Riely GJ, Balak M, et al. Acquired resistance 
to epidermal growth factor receptor kinase inhibitors 
associated with a novel T854A mutation in a patient with 
EGFR-mutant lung adenocarcinoma. Clin Cancer Res 
2008;14:7519-25.

20.	 Hu Y, Xiao L, Yang N, et al. Tyrosine kinase inhibitor 
acquired resistance mechanism alternates between EGFR 
and ALK in a lung adenocarcinoma patient. Thorac 
Cancer 2019;10:1252-5.

21.	 Jia XL, Chen G. EGFR and KRAS mutations in Chinese 
patients with adenosquamous carcinoma of the lung. Lung 
Cancer 2011;74:396-400.

22.	 Jiang L, Su X, Zhang T, et al. PD-L1 expression and its 
relationship with oncogenic drivers in non-small cell lung 
cancer (NSCLC). Oncotarget 2017;8:26845-57.

23.	 Kadabur L, Koppaka D, Kanakasetty GB, et al. Dual 
mutations and complex mutations in metastatic nonsmall 
cell lung cancer: A single-institution experience from 
South India. Indian J Cancer 2017;54:228-30.

24.	 Lahmadi M, Beddar L, Rouibah AL, et al. Analysis of 
EGFR Mutation Status in Algerian Patients with Non-
Small Cell Lung Cancer. Asian Pac J Cancer Prev 
2021;22:1063-8.

25.	 Landi L, Tiseo M, Chiari R, et al. Activity of the EGFR-
HER2 dual inhibitor afatinib in EGFR-mutant lung 
cancer patients with acquired resistance to reversible 
EGFR tyrosine kinase inhibitors. Clin Lung Cancer 
2014;15:411-7.e4.

26.	 Li B, Sun SZ, Yang M, et al. The correlation between 
EGFR mutation status and the risk of brain metastasis 
in patients with lung adenocarcinoma. J Neurooncol 
2015;124:79-85.

27.	 Lou Y, Pecot CV, Tran HT, et al. Germline Mutation 
of T790M and Dual/Multiple EGFR Mutations in 
Patients With Lung Adenocarcinoma. Clin Lung Cancer 
2016;17:e5-11.

28.	 Ortiz-Cuaran S, Scheffler M, Plenker D, et al. 
Heterogeneous Mechanisms of Primary and Acquired 
Resistance to Third-Generation EGFR Inhibitors. Clin 
Cancer Res 2016;22:4837-47.

29.	 Shan L, Wang Z, Guo L, et al. Concurrence of EGFR 
amplification and sensitizing mutations indicate a better 
survival benefit from EGFR-TKI therapy in lung 
adenocarcinoma patients. Lung Cancer 2015;89:337-42.

30.	 Suryavanshi M, Shah A, Kumar D, et al. MET 
Amplification and Response to MET Inhibitors in 

Stage IV Lung Adenocarcinoma. Oncol Res Treat 
2017;40:198-202.

31.	 Zaemes J, Hall RD, Gentzler RD. Tyrosine Kinase 
Inhibition in a Lung Adenocarcinoma Patient With Dual 
G719S and S768I EGFR Mutations. J Thorac Oncol 
2018;13:e136-7.

32.	 Huang SF, Liu HP, Li LH, et al. High frequency of 
epidermal growth factor receptor mutations with 
complex patterns in non-small cell lung cancers related 
to gefitinib responsiveness in Taiwan. Clin Cancer Res 
2004;10:8195-203.

33.	 Svaton M, Pesek M, Chudacek Z, et al. Current two 
EGFR mutations in lung adenocarcinoma -  case report. 
Klin Onkol 2015;28:134-7.

34.	 Wei Y, Shen K, Lv T, et al. Three new disease-progression 
modes in NSCLC patients after EGFR-TKI treatment 
by next-generation sequencing analysis. Lung Cancer 
2018;125:43-50.

35.	 Ardakani NM, Giardina T, Grieu-Iacopetta F, et al. 
Detection of Epidermal Growth Factor Receptor 
Mutations in Lung Adenocarcinoma: Comparing Cobas 
4800 EGFR Assay With Sanger Bidirectional Sequencing. 
Clin Lung Cancer 2016;17:e113-9.

36.	 Chen K, Cheng G, Zhang F, et al. PD-L1 expression and 
T cells infiltration in patients with uncommon EGFR-
mutant non-small cell lung cancer and the response to 
immunotherapy. Lung Cancer 2020;142:98-105.

37.	 Choi YW, Jeon SY, Jeong GS, et al. EGFR Exon 19 
Deletion is Associated With Favorable Overall Survival 
After First-line Gefitinib Therapy in Advanced Non-
Small Cell Lung Cancer Patients. Am J Clin Oncol 
2018;41:385-90.

38.	 Labbé C, Cabanero M, Korpanty GJ, et al. Prognostic and 
predictive effects of TP53 co-mutation in patients with 
EGFR-mutated non-small cell lung cancer (NSCLC). 
Lung Cancer 2017;111:23-9.

39.	 Nakra T, Mehta A, Bal A, et al. Epidermal growth factor 
receptor mutation status in pulmonary adenocarcinoma: 
Multi-institutional data discussion at national conference 
of "Lung Cancer Management in Indian context". Curr 
Probl Cancer 2020;44:100561.

40.	 Wu CC, Hsu HY, Liu HP, et al. Reversed mutation 
rates of KRAS and EGFR genes in adenocarcinoma 
of the lung in Taiwan and their implications. Cancer 
2008;113:3199-208.

41.	 Yokoyama T, Kondo M, Goto Y, et al. EGFR point 
mutation in non-small cell lung cancer is occasionally 
accompanied by a second mutation or amplification. 



Castañeda-González et al. Multiple mutations in the EGFR gene in lung cancer2162

© Translational Lung Cancer Research. All rights reserved.   Transl Lung Cancer Res 2022;11(10):2148-2163 | https://dx.doi.org/10.21037/tlcr-22-235

Cancer Sci 2006;97:753-9.
42.	 Udupa KS, Rajendranath R, Sagar TG, et al. Dual 

surrogate markers for rapid prediction of epidermal 
growth factor receptor mutation status in advanced 
adenocarcinoma of the lung: A novel approach in resource-
limited setting. Indian J Cancer 2015;52:266-8.

43.	 Tang Y, Che N, Yu Y, et al. Co-occurring genetic 
alterations and primary EGFR T790M mutations detected 
by NGS in pre-TKI-treated NSCLCs. J Cancer Res Clin 
Oncol 2020;146:407-16.

44.	 Rana V, Ranjan P, Jagani R, et al. A study of therapy 
targeted EGFR/ALK mutations in Indian patients with 
lung adenocarcinoma: A clinical and epidemiological study. 
Med J Armed Forces India 2018;74:148-53.

45.	 Kosaka T, Yatabe Y, Endoh H, et al. Mutations of 
the epidermal growth factor receptor gene in lung 
cancer: biological and clinical implications. Cancer Res 
2004;64:8919-23.

46.	 Shigematsu H, Lin L, Takahashi T, et al. Clinical and 
biological features associated with epidermal growth factor 
receptor gene mutations in lung cancers. J Natl Cancer 
Inst 2005;97:339-46.

47.	 Cruz Castellanos P, Gutiérrez Sainz L, Esteban MI, et al. 
Pulmonary adenocarcinoma with double mutation EGFR: 
L858R and G719X. Rev Esp Patol 2021;54:211-4.

48.	 Bie Y, Wang J, Xiong L, et al. Lung adenocarcinoma 
organoids harboring EGFR 19Del and L643V double 
mutations respond to osimertinib and gefitinib: A case 
report. Medicine (Baltimore) 2021;100:e24793.

49.	 Brindel A, Althakfi W, Barritault M, et al. Uncommon 
EGFR mutations in lung adenocarcinoma: features and 
response to tyrosine kinase inhibitors. J Thorac Dis 
2020;12:4643-50.

50.	 Zhang Z, Zhang Y, Luo F, et al. Dual blockade of 
EGFR and VEGFR pathways: Results from a pilot study 
evaluating apatinib plus gefitinib as a first-line treatment 
for advanced EGFR-mutant non-small cell lung cancer. 
Clin Transl Med 2020;10:e33.

51.	 Kate S, Chougule A, Joshi A, et al. Outcome of uncommon 
EGFR mutation positive newly diagnosed advanced non-
small cell lung cancer patients: a single center retrospective 
analysis. Lung Cancer (Auckl) 2019;10:1-10.

52.	 Gao X, Zhao Y, Bao Y, et al. Poor Prognosis With 
Coexistence Of EGFR T790M Mutation And Common 
EGFR-Activating Mutation In Non- Small Cell Lung 
Cancer. Cancer Manag Res 2019;11:9621-30.

53.	 Johnson ML, Riely GJ, Rizvi NA, et al. Phase II trial of 
dasatinib for patients with acquired resistance to treatment 

with the epidermal growth factor receptor tyrosine 
kinase inhibitors erlotinib or gefitinib. J Thorac Oncol 
2011;6:1128-31.

54.	 Kim SH, Shim HS, Cho J, et al. A phase I trial of gefitinib 
and nimotuzumab in patients with advanced non-small cell 
lung cancer (NSCLC). Lung Cancer 2013;79:270-5.

55.	 Janjigian YY, Smit EF, Groen HJ, et al. Dual inhibition 
of EGFR with afatinib and cetuximab in kinase inhibitor-
resistant EGFR-mutant lung cancer with and without 
T790M mutations. Cancer Discov 2014;4:1036-45.

56.	 van Veggel B, de Langen AJ, Hashemi S, et al. Crizotinib 
treatment for patients with EGFR mutation positive 
NSCLC that acquire cMET amplification after EGFR 
TKI therapy results in short-lived and heterogeneous 
responses. Lung Cancer 2018;124:130-4.

57.	 Tsao AS, Liu S, Lee JJ, et al. Clinical and biomarker 
outcomes of the phase II vandetanib study from the 
BATTLE trial. J Thorac Oncol 2013;8:658-61.

58.	 Liang H, Pan Z, Wang W, et al. The alteration of T790M 
between 19 del and L858R in NSCLC in the course of 
EGFR-TKIs therapy: a literature-based pooled analysis. J 
Thorac Dis 2018;10:2311-20.

59.	 Gazdar A, Robinson L, Oliver D, et al. Hereditary lung 
cancer syndrome targets never smokers with germline 
EGFR gene T790M mutations. J Thorac Oncol 
2014;9:456-63.

60.	 Singh V, Nambirajan A, Malik PS, et al. Spectrum of 
uncommon and compound epidermal growth factor 
receptor mutations in non-small-cell lung carcinomas with 
treatment response and outcome analysis: A study from 
India. Lung Cancer 2020;149:53-60.

61.	 Lin YT, Tsai TH, Wu SG, et al. Complex EGFR 
mutations with secondary T790M mutation confer shorter 
osimertinib progression-free survival and overall survival 
in advanced non-small cell lung cancer. Lung Cancer 
2020;145:1-9.

62.	 Moriya T, Hamaji M, Yoshizawa A, et al. Epidermal 
growth factor receptor (EGFR)-tyrosine kinase inhibitors 
as a first-line treatment for postoperative recurrent and 
EGFR-mutated non-small-cell lung cancer. Interact 
Cardiovasc Thorac Surg 2022;34:416-23.

63.	 Liu Y, Sun L, Xiong ZC, 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;10:2267-79.

64.	 Zapata Laguado M, Zuluaga A, Parra Medina R, et al. 
Two Unusual Mutations in the Epidermal Growth Factor 



Translational Lung Cancer Research, Vol 11, No 10 October 2022 2163

© Translational Lung Cancer Research. All rights reserved.   Transl Lung Cancer Res 2022;11(10):2148-2163 | https://dx.doi.org/10.21037/tlcr-22-235

Receptor Gene in a Patient With Lung Adenocarcinoma. 
Cureus 2022;14:e22372.

65.	 Tam IY, Leung EL, Tin VP, et al. 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.

66.	 Kimura S, Tanaka K, Harada T, et al. Sensitivity of 
epidermal growth factor receptor with single or double 
uncommon mutations to afatinib confirmed by a visual 
assay. Cancer Sci 2018;109:3657-61.

67.	 Attili I, Passaro A, Pisapia P, et al. Uncommon EGFR 
Compound Mutations in Non-Small Cell Lung Cancer 
(NSCLC): A Systematic Review of Available Evidence. 
Curr Oncol 2022;29:255-66.

68.	 Duggirala KB, Lee Y, Lee K. Chronicles of EGFR 

Tyrosine Kinase Inhibitors: Targeting EGFR C797S 
Containing Triple Mutations. Biomol Ther (Seoul) 
2022;30:19-27.

69.	 Khoo C, Rogers TM, Fellowes A, et al. Molecular 
methods for somatic mutation testing in lung 
adenocarcinoma: EGFR and beyond. Transl Lung Cancer 
Res 2015;4:126-41.

70.	 Chen Y, Xu J, Zhang L, et al. A multicenter-retrospective 
study of non-small-cell lung carcinoma harboring 
uncommon epidermal growth factor receptor (EGFR) 
mutations: different subtypes of EGFR exon 19 deletion-
insertions exhibit the clinical characteristics and prognosis 
of non-small cell lung carcinoma. Transl Lung Cancer Res 
2022;11:238-49.

Cite this article as: Castañeda-González JP, Chaves JJ, Parra-
Medina R. Multiple mutations in the EGFR gene in lung cancer: 
a systematic review. Transl Lung Cancer Res 2022;11(10):2148-
2163. doi: 10.21037/tlcr-22-235


