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SHORT REPORT
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Epidermal growth factor receptor (EGFR) exon 20 insertion mutations

(ex20ins) account for ≤ 12% of all EGFR-mutant nonsmall cell lung can-

cers. We analysed real-world datasets to determine the frequency of ex20ins

variants, and the ability of polymerase chain reaction (PCR) and next-

generation sequencing (NGS) to identify them. Three real-world United

States NGS databases were used: GENIE, FoundationInsights, and

GuardantINFORM. Mutation profiles consistent with in-frame EGFR

ex20ins were summarized. GENIE, FoundationInsights, and Guardant-

INFORM datasets identified 180, 627, and 627 patients with EGFR

ex20ins respectively. The most frequent insertion region of exon 20 was the

near loop (~ 70%), followed by the far loop (~ 30%) and the helical (~ 3–
6%) regions. GENIE, FoundationInsights, and GuardantINFORM data-

sets identified 41, 102, and 96 unique variants respectively. An analysis of

variants projected that ~ 50% of EGFR ex20ins identified by NGS would

have been missed by PCR-based assays. Given the breadth of EGFR

ex20ins identified in the real-world US datasets, the ability of PCR to iden-

tify these mutations is limited. NGS platforms are more appropriate to

identify patients likely to benefit from EGFR ex20ins-targeted therapies.

1. Introduction

Mutations in the epidermal growth factor receptor

(EGFR) are a key oncogenic driver in nonsmall cell

lung cancer (NSCLC). The common mutations, exon

19 deletions and L858R substitution in exon 21, are

detected in 85–90% of all EGFR-mutant (EGFRm)

NSCLCs [1]. The third most common type of EGFRm

NSCLC is comprised of exon 20 insertion mutations

(ex20ins), which are characterized by in-frame inser-

tions or duplications typically clustered within or after

the C-helix in the EGFR kinase domain [1]. The

Abbreviations

AA, amino acid; EGFR, epidermal growth factor receptor; EGFRm, epidermal growth factor receptor-mutant; ex20ins, exon 20 insertion

mutation; GENIE, Genomics Evidence Neoplasia Information Exchange; NGS, next-generation sequencing; NSCLC, nonsmall cell lung

cancer; ORR, overall response rate; PCR, polymerase chain reaction; TKI, tyrosine kinase inhibitor.
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reported frequency of EGFRm NSCLCs harbouring

ex20ins is between 1% and 12% [2]. This broad range

likely reflects the molecular heterogeneity of EGFR

ex20ins and the limitations of available molecular

assays to identify them [3].

Unlike common mutations, EGFR ex20ins are less

sensitive to EGFR tyrosine kinase inhibitors (TKI)

because the insertions create steric hindrance at the

TKI-binding site [4]. The reported overall response

rate (ORR) to approved EGFR TKIs is between 0%

and 28% compared with response rates of 60–80% in

patients with the common mutations [1,5]. Further,

two real-world studies found overall survival was sig-

nificantly lower (by ~ 10 months) for patients with

ex20ins compared with those who have common

EGFR mutations (16.2 versus 25.5 months [6] and

24.3 versus 35.4 months [7]). However, the

Y764insFQEA variant has shown sensitivity to EGFR

TKIs, suggesting that differential response to TKI

treatment may be associated with the type and site of

ex20ins [3,5]. Additionally, rates of sensitizing EGFR

ex20ins vary geographically [8]; however, studies have

found antitumour activity across ex20ins sites with

amivantamab [9] and similar ORRs to mobocertinib in

the near and far loops of exon 20 [10].

Investigational therapies for the treatment of EGFR

ex20ins NSCLC are in development [5]. Amivantamab,

an EGFR-MET bispecific antibody, and mobocertinib,

an ex20ins-specific TKI, were recently approved by the

FDA (and also the EMA for amivantamab) for the

treatment of patients with EGFR ex20ins NSCLC, as

detected by an FDA-approved test, whose disease pro-

gressed on or following platinum-based chemotherapy

[9–12]. Therefore, the identification of tumours bearing

EGFR ex20ins is important in guiding treatment deci-

sions, and universal molecular testing should be able

to accurately and comprehensively detect the wide

range of variants that have been identified thus far.

Real-time polymerase chain reaction (PCR) and next-

generation sequencing (NGS) are two molecular meth-

ods commonly used to identify mutations in the

EGFR gene [13,14]. The commercially available PCR-

based assays detect ‘hot spot’ mutations and are

designed to identify only a subset of known ex20ins.

In contrast, NGS has the ability to detect multiple

types of genetic mutations over a specified region,

including any new mutations not identified previously

[13,14], and is therefore expected to provide more

complete coverage of EGFR ex20ins than PCR-based

assays. The use of NGS has also steadily increased

over the past decade [13], and the updated guidelines

from the IASLC support the use of sequential or con-

current NGS tissue and liquid biopsy analyses [15]. In

this report, three real-world US NGS genomic data-

bases were analysed to determine the frequency of

EGFR ex20ins and to compare the ability of PCR ver-

sus NGS-based testing methods to identify these muta-

tions.

2. Materials and methods

2.1. US genomic NGS databases

The American Association for Cancer Research Pro-

ject Genomics Evidence Neoplasia Information

Exchange (GENIE) database is a public registry of

real-world NGS genomic data collected from partici-

pating cancer centres [16]. In this analysis, NGS data

extracted from the GENIE database, version 8.5, were

limited to the 13 participating US institutions covering

a total of 80 015 patients. DNA sequencing of tumour

biopsy samples occurred between 2012 and 2019.

The FoundationInsights (Foundation Medicine,

Cambridge, MA, USA) real-world US NGS database,

version MI20200428, based on the FoundationCore

knowledgebase of patient genomic profiles, spans over

150 cancer types. At the time of analysis (data cut-off

of 28 April 2020), the database contained information

for 315 688 samples from tumour biopsies.

The GuardantINFORM database contains real-

world US NGS data collected from Guardant360 CDx

liquid biopsy tests from over 174 087 patients (Guar-

dant Health, Inc., Redwood City, CA, USA). The

database query covered 1 February 2015 through 30

June 2021.

Given the limited scope of this study, information,

such as demographics, clinical staging, treatments, and

outcome variables, was not available. Only certain

demographics (e.g. age, race, and gender) could be

obtained from the GENIE database.

2.2. Data analysis

Exon 20 of the EGFR gene encompasses nucleotides

that translate to amino acid (AA) positions 762–823.
Mutation profiles from all three real-world datasets

were evaluated for alterations (duplications and dele-

tion/insertion) consistent with in-frame ex20ins of the

EGFR gene. Ex20ins were summarized based on the

resulting AA changes and were aggregated into frequen-

cies per alteration. Coverage of ex20ins from commer-

cially available PCR-based assays, therascreen EGFR

RGQ PCR Kit version 2 (Qiagen, Hilden, Germany)

and cobas EGFR v.2 (Roche, Basel, Switzerland) were

obtained from their instructions for use (Table S1).
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3. Results

To determine the real-world frequency of EGFR

ex20ins, we analysed data from three NGS genomic

datasets that included patients with NSCLC: GENIE

(N = 12 497), FoundationInsights (N = 56 382), and

GuardantINFORM (N = 71 191). Among patients with

NSCLC, EGFRm lung adenocarcinoma was diagnosed

in 24% (GENIE), 23% (FoundationInsights), and 18%

(GuardantINFORM) of patients (Fig. 1). Of note, the

percentage of patients with EGFRm NSCLC from the

FoundationInsights and GuardantINFORM databases

reflect the ordering patterns of physicians and are not

intended to represent the expected frequency of these

patients in an unbiased US-based patient population.

Among the 9673 patients with NSCLC adenocarcino-

mas in the GENIE database, the median age was

67 years old, most patients were female (60%) and the

majority were White (77%), followed by African Ameri-

can/Black (7.6%) and Asian (6.9%). Demographics

were not included from FoundationInsights and

GuardantINFORM for this study.

The GENIE, FoundationInsights, and Guardant-

INFORM datasets identified 180, 627, and 627 patients

with EGFR ex20ins, respectively, which accounted for

~ 7–8% of all EGFRm lung adenocarcinomas (Fig. 1).

Across all three datasets, ~ 70% of EGFR ex20ins were

found in the near loop region (AA 767–772), ~ 30% in

the far loop region (AA 773–775), and ~ 3–6% in the

helical region (AA 762–766). The most frequent sites of

insertion identified in all three datasets were located at

AA 769 (21.1–25.4%), AA 770 (28.9–35.0%), and AA

773 (22.0–26.1%; Fig. 2).

The molecular heterogeneity of EGFR ex20ins was

evident, with 41, 102, and 96 unique variants identified

from the GENIE, FoundationInsights, and Guardant-

INFORM datasets respectively (Tables S1–S3). If the

coverage for EGFR ex20ins from commercial PCR-

based assays is applied to the GENIE dataset, only 89

of the 180 patients identified by NGS would have been

identified, thereby missing 50.6% of all cases

(Fig. 3A). In the FoundationInsights dataset, commer-

cial PCR-based assays would have identified only 305

of the 627 patients identified by NGS, missing 51.4%

of all EGFR ex20ins cases (Fig. 3B). Similar findings

were observed with the GuardantINFORM dataset,

where PCR-based assays would only have identified

313 of the 627 patients with EGFR ex20ins, missing

50.0% of patients (Fig. 3C).

Across all three datasets, only 23 EGFR ex20ins

variants were found, underscoring the diversity of this

class of mutations. Variants that were found exclu-

sively in each dataset accounted for 24% (10/41) of

the GENIE dataset, 50% (51/102) of the Foundatio-

nInsights dataset, and 47% (45/96) of the Guardant-

INFORM dataset (Tables S2–S4), suggesting a

considerable degree of genomic heterogeneity among

real-world US NGS databases.

NSCLC (N=56,382)

Lung adenocarcinoma (n=36,465)

65% of NSCLC

EGFR mutations (n=8,259)

23% of lung adenocarcinomas

Ex20ins (n=627)

7.6% of EGFR mutations

FoundationInsights

NSCLC (N=12,497)

Lung adenocarcinoma (n=9,673)

77% of NSCLC

EGFR mutations (n=2,321)

24% of lung adenocarcinomas

     Ex20ins (n= 180)

7.8% of EGFR mutations

GENIE

NSCLC (N=71,191)

Lung adenocarcinoma (n=52,173)

73% of NSCLC

EGFR mutations (n=9,559)

18% of lung adenocarcinomas

Ex20ins (n=627)

6.6% of EGFR mutations

GuardantINFORM

Fig. 1. Patient selection across three real-world US databases. NGS data were extracted from the GENIE, FoundationInsights, and Guardant-

INFORM databases to identify patients with lung adenocarcinoma who harboured ex20ins. Data from the GENIE database were limited to

those from participating US institutions. EGFR, epidermal growth factor receptor; ex20ins, exon 20 insertion mutation; NSCLC, nonsmall cell

lung cancer.
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4. Discussion

In this real-world analysis using three US NGS geno-

mic datasets, EGFR ex20ins variants account for

~ 1% of all NSCLC cases in each of the three data-

bases. The estimated frequency of ex20ins was ~ 7–8%
of all EGFRm lung adenocarcinomas, which is consis-

tent with the range (up to 12%) reported in the litera-

ture from other US-based databases [13] and globally

[2,17–20]. The near loop was the most frequent inser-

tion region of EGFR ex20ins, where ~ 70% of all

insertions were found. Insertions in the helical region,

where sensitivity to EGFR TKIs has been reported

[3,5], were uncommon. Importantly, the frequency of

EGFR ex20ins observed in datasets that utilize NGS

on tumour biopsies (GENIE and FoundationInsights)

was generally consistent with that observed using

liquid biopsies (GuardantINFORM), suggesting that

both testing methods could accurately identify the

diverse range of these mutations.

Over 80 distinct EGFR ex20ins variants have been

identified [2]. This result is consistent with our study,

where a large number of unique EGFR ex20ins var-

iants were identified from the real-world NGS data-

sets, ranging from 41 variants in the GENIE dataset

to 102 in the FoundationInsights dataset. Twenty-

three EGFR ex20ins variants, which included those

most frequently observed, were common to all three

datasets. The genomic heterogeneity and breadth of

EGFR ex20ins identified in these real-world datasets

emphasize the need for an accurate and comprehensive

method to detect these mutations.

Although PCR-based assays have a quicker turn-

around time, they have limited capacity for assessing

multiple genes and variant types [14]. Real-world, ret-

rospective studies have shown higher rates of detec-

tion of EGFR ex20ins with NGS compared with

PCR [21] and similarly have suggested a high rate of

missed EGFR ex20ins mutations with PCR testing

versus NGS [22]. In this analysis, of the EGFR

ex20ins variants identified in real-world NGS data-

bases, commercial PCR-based assays would have

detected only four of the variants, missing ~ 50% of

all cases; however, in this population of patients,

there are now two commercially available NGS tests

(Oncomine Dx Target Test and Guardant360 CDx)

approved as companion diagnostics for amivantamab

and mobocertinib. Given the limited capacity of

PCR-based assays to detect multiple genes and var-

iants, sequential testing may be needed to cover the

full range of potential biomarkers. This additional

workflow would lead to increased costs, require larger

tumour samples, and delay time to treatment [14,23].

In contrast, NGS offers comprehensive testing, with

the ability to detect all relevant biomarkers (and yet-

to-be-identified mutations) in a single test, either in

tissue or liquid biopsies. This can reduce the need for

re-biopsy, decrease the time to obtain test results, and
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Fig. 2. Frequency by site of insertion in exon 20 of the EGFR. The distribution of ex20ins by site of AA insertion from the GENIE (green; N = 180),

FoundationInsights (blue; N = 627) and GuardantINFORM (orange; N = 627) datasets. Percentages are calculated using number of patients with

EGFR ex20ins lung adenocarcinoma as the denominator. EGFR, epidermal growth factor receptor; ex20ins, exon 20 insertion mutation.

233Molecular Oncology 17 (2023) 230–237 � 2022 Janssen Global Services, LLC. Molecular Oncology published by John Wiley & Sons Ltd

on behalf of Federation of European Biochemical Societies.

S. Viteri et al. Ex20ins in real-world datasets



0

5

10

15

20

25

30

35

40

A767_S768insIA
D770_N771insGF
D770_N771insGL
D770_N771insKD
D770_N771insSMD
D770_N771insSTN
D770delinsGTH
D770delinsHN

H773_V774dup
H773_V774insGNPH
H773_V774insHH
H773_V774insY
H773delinsPNPY
N771_P772insHH
N771_P772insHN

Additional variants identified in only 1 patient and not detected by 
commercial PCR kits

N771delinsGD
N771delinsSTH
N771delinsVH
P772_C775dup
P772_H773insGDP
P772_H773insPNP
P772_H773insQ

(A) GENIE
N

um
be

r o
f P

at
ie

nt
s

Not detected by commercial PCR kits

0

20

40

60

80

100

120

140

160

V7
69

_D
77

0i
ns

AS
V

D
77

0_
N

77
1i

ns
SV

D
H

77
3 _

V7
74

in
s N

PH
A7

6 3
_Y

76
4i

ns
FQ

EA
D

77
0 _

N
77

1i
ns

G
H

77
3 _

V 7
74

in
s H

H
77

3_
V7

7 4
in

sP
H

V7
74

_C
77

5i
ns

H
V

H
77

3_
V7

74
i n

sA
H

N
77

1_
P7

72
in

sH
N

77
1_

P7
72

in
sN

N
77

1 >
G

Y
C

77
5 _

R
77

6i
ns

PH
VC

H
77

3_
V7

74
in

s Y
N

77
1_

P7
72

in
sG

N
77

1 >
G

F
S7

68
_V

76
9i

ns
VD

S
A7

67
_S

76
8i

ns
SV

A
H

77
3_

V7
74

in
sT

H
P7

72
_H

77
3 i

ns
D

N
P

S7
68

_V
76

9>
IL

D
77

0 _
N

77
1>

G
VV

D
N

D
77

0_
N

77
1i

ns
G

F
D

77
0_

N
77

1i
ns

G
T

D
77

0 _
N

77
1i

ns
H

H
77

3 _
V7

74
i n

sG
N

PH
N

77
1_

P7
72

>G
YP

N
77

1_
P7

72
i n

sT
P7

72
_H

77
3i

ns
G

N
P

P7
72

_H
77

3i
ns

PN
P

V7
69

_D
77

0i
ns

G
SV

D
77

0 _
N

77
1>

G
SV

D
N

D
77

0_
N

77
1i

ns
G

D
D

77
0_

N
77

1i
ns

G
L

D
77

0_
N

77
1i

ns
Y

H
77

3_
V7

7 4
>L

M
H

77
3_

V7
74

in
sH

PH
H

77
3_

V7
74

in
s P

H
PH

H
77

3_
V7

74
in

sS
H

N
77

1_
P7

7 2
>S

VD
N

P
N

77
1_

P7
7 2

i n
sN

N
N

77
1_

P7
72

in
sV

N
77

1 _
P7

72
in

sV
D

N
S7

68
_ V

76
9>

TL
AS

V

N
um

be
r o

f P
at

ie
nt

s

A763_Y764insLQEA
A767_S768insTLA
D770_N771>ASVDS
D770_N771>EDN
D770_N771>EGN
D770_N771>GVMDN
D770_N771>QVH
D770_N771>RDG
D770_N771insAVD
D770_N771insGTD
D770_N771insGV

H773>QW
M793_P794>ITQLMP
N771_H773>HHPH
N771_P772>HHP
N771_P772>KGP
N771_P772>RDP
N771_P772>SEDNS
N771_P772>SHP
N771_P772>SPHP
N771_P772>SVDSP
N771_P772insC
N771_P772insGTDN

Additional variants identified in only 1 patient and not detected by 
commercial PCR kits

N771_P772insHN
N771_P772insY
N771>CH
N771>PH
P772_H773>RHPH
P772_H773insGCP
P772_H773insGDP
P772_H773insNP
P772_H773insNPHP
P772_H773insNV
P772_H773insQSPNP
P772>HR

D770_N771insNPH
D770_N771insP
D770_N771insSMD
D770_N771insSTH
D770_N771insT
H773_V774>NPNPYV
H773_V774>PNPYV
H773_V774insGH
H773_V774insNPHPH
H773_V774insVH
H773>NPNPY

S768_V769>PL
S768_V769insMDS
V769_D770insCV
V769_D770insGTV
V769_D770insSASV
V769_D770insSLRD
V769_D770insSSV
V769_H773>LDNPNPH
V769_N771>LDNRGH
V774_C775>GTNPHVC
V774_C775insHNPHV
Y764_V765insHH

(B) FoundationInsights

Not detected by commercial PCR kits

0

20

40

60

80

100

120

140

160

A7
67

_V
76

9d
up

,V
76

9_
D 7

70
in

sA
SV

S7
68

_D
7 7

0d
u p

N7
7 1

_ H
77

3d
u p

,H
77

3 _
V 7

74
in

sN
PH

A7
63

_Y
76

4 i
ns

F Q
EA

H 7
73

du
p

P7
72

_H
77

3d
u p

D 7
70

de
lin

sG
Y

D7
70

_N
77

1i
ns

G
V7

74
_ C

77
5 i

ns
H V

,H
77

3_
V7

74
du

p
N 7

71
du

p
N 7

71
_P

77
2i

ns
H

D7
7 0

_P
77

2d
up

,P
77

2 _
H7

73
in

sD
NP

N 7
71

de
lin

sG
Y

H7
73

_V
77

4i
ns

AH
P7

72
_H

77
3i

ns
PN

P
D7

70
_N

77
1i

ns
Y

V7
69

_D
77

0i
ns

G
SV

D7
70

_N
77

1i
ns

G
F

H 7
73

_V
7 7

4i
ns

HP
H

P7
72

_H
77

3i
ns

G
NP

H 7
73

_V
77

4i
ns

G
NP

H
N 7

71
_P

77
2i

ns
T

H7
73

_V
77

4i
n s

PH
PH

P7
72

de
lin

sH
R

V7
69

_D
77

0i
ns

G
VV

H7
73

de
lin

sY
NP

Y
N7

7 1
de

lin
sH

H
N7

71
_P

77
2 i

ns
G

H7
73

_V
77

4i
ns

Y
P7

72
_ C

77
5d

up
N7

71
de

lin
sG

F
D 7

70
_N

77
1i

n s
G

T
V7

69
_N

7 7
1d

up
A7

67
_S

76
8 i

ns
TL

A
H7

73
_V

77
4 i

ns
G

H
H 7

73
de

l in
sQ

W
V7

6 9
_D

77
0i

ns
CV

H7
73

de
lin

s Y
PN

PY
N7

71
_P

77
2i

n s
RH

N7
71

de
lin

sS
H

S7
68

_V
76

9i
ns

VA
S

V 7
69

du
p

H7
73

de
lin

sS
NP

Y

Nu
m

be
r o

f P
at

ie
nt

s H773_V774insTH
N771_P772insV
P772_H773insYNP
A767_S768insIA
D770_N771insGL
H773delinsPNPY
D770_N771insH
H773_V774insSH
D770_N771delinsRDG
H773delinsNPNPY
N771delinsPH

N771_P772insL
P772_H773insQANP
N771_P772insTHTHS
N771_P772insGG
S768_V769insISS
H773delinsLY
D770_V774dup
D770_N771insTLD
H773delinsTY
D770_N771dup
V769_D770insGTL

Additional variants identified in only 1 patient and not detected by 
commercial PCR kits:

V769_D770insGGG
H773_V774insGTNPH
V769_D770insNN
N771_P772insTHN
S768_P772dup
P772_H773insGHP
D770_N771insS
P772_H773insR
H773_V774insAHNPH
P772_H773insF
V774_C775insNPHV

P772_H773insGCP
N771_P772dup
S768_V769insMDS
V769_D770insSSV
V774_C775insHNPHV
Y764_V765insHH
H773delinsYQPNPY
D770delinsNNPH
A767_S768insLA
N771delinsKG
D770delinsEG

N771delinsRG
D770delinsGGT
D770_N771delinsAGH
H773delinsNPHPN
V769_D770insE
A767_S768insVA
H773delinsYY
H773delinsPYNPY
P772_H773insHPHP

(C) GuardantINFORM

Not detected by commercial PCR kits

Fig. 3. EGFR ex20ins variants

identified from the (A) GENIE

(N = 180), (B) FoundationInsights

(N = 627), and (C)

GuardantINFORM (N = 627)

datasets. Ex20ins variants identified

in two patients or more are

included in the bar chart. Ex20ins

variants identified in only one

patient and not detected by

commercial PCR-based assays are

listed in the box (inset). Red bars

denote ex20ins variants that would

not have been detected using

commercial PCR-based assays.

EGFR, epidermal growth factor

receptor; ex20ins, exon 20

insertion mutation; PCR,

polymerase chain reaction.
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potentially provide cost savings by negating the need

for sequential single-gene tests [23]. It should be noted

that there are also limitations to NGS, such as diffi-

culty interpreting novel variants, which may require

the implementation of molecular tumour boards, lack

of knowledge of the appropriate number of genes to

be screened, and how to handle discordancy between

commercially available tests run in parallel [24], the

latter of which is not an unexpected entity as a recent

review on liquid biopsies had also found poor concor-

dance in ctDNA of prostate cancer samples between

multiple assays [25].

The results of our study should be interpreted within

its limitations. Potential confounders were not assessed

due to the lack of demographic information excluded

from all three databases.

5. Conclusions

In this analysis, the real-world US frequency of

ex20ins was ~ 7–8% of all EGFRm lung adenocarci-

nomas. With up to 102 unique variants identified, the

ability of PCR-based assays to comprehensively iden-

tify patients with these mutations is limited. The iden-

tification of all EGFR ex20ins variants will be

important when implementing dedicated targeted

therapies in the first-line setting. With several investi-

gational therapies in development and the recent

approval of amivantamab and mobocertinib, identify-

ing patients who harbour these mutations with NGS-

based testing methods will be important to ensure

appropriate patient access to new targeted therapies.
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