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Abstract:

Epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKIs) significantly enhance both survival and
quality of life for non-small cell lung cancer (NSCLC) patients with EGFR mutations. Nevertheless, an increasing number
of patients exhibit primary or acquired resistance. Currently, discoveries of concurrent genetic alterations in EGFR
and other genes besides EGFR have been made. Several studies have demonstrated an association between these
alterations and resistance to EGFR-TKI. Therefore, it is crucial to gain more understanding of gene alterations and their
impact on the effectiveness of EGFR-TKI treatment. In this review, concurrent gene alterations that can predict primary
and acquired resistance to EGFR-TKIs in advanced NSCLC are discussed. This may assist clinicians in selecting the

appropriate treatment for patients who have failed to respond to EGFR-TKIs.
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Genetic Alteration Correlated with Resistance to EGFR-TKIs in NSCLC

Introduction

Lung cancer is the second most frequently diagnosed
cancer globally, with an estimated age-standardized rate
(ASR) of 22.4. It is also the primary cause of cancer-
related deaths, with an ASR of 18.0". In Thailand, lung
cancer is the third most common type of cancer, having
an ASR of 18.9, and it is the second leading cause of
cancer-related deaths, with an ASR of 15.9°. Non-small-
cell lung carcinoma (NSCLC) is the predominant histologic
type, accounting for 85% of lung cancer cases’. Over time,
driver mutations in NSCLC have been discovered, enabling
the development of personalized targeted treatments that
enhance response rates, minimize toxicity, and improve
the quality of life for patients’. Epidermal growth factor
receptors (EGFR) are prevalent driver genes in NSCLC,
and are found in 40-60% of Asian populations and 10%
of Western populations®.Overexpression or mutation of the
EGFR gene results in aberrant cell growth, differentiation,
survival, enhanced formation of blood vessels, and the
migration of cancer cells. EGFR tyrosine kinase inhibitors
(EGFR-TKIs) can substantially extend the median survival
of patients with advanced lung cancer who have EGFR-
sensitive mutations®. Additionally, it is associated with
a high response rate, ranging from 60% to 80%, and
results in fewer side effects compared to platinum-based
chemotherapy®’.

Recently, different EGFR-TKI types, including first-
generation EGFR-TKIs (gefitinib, erlotinib, and icotinib) and
second-generation EGFR-TKIs (afatinib and dacomitinib)
have been authorized for treating patients with EGFR-
mutant NSCLC?, however, a large number of patients

% Some

have disease relapse due to treatment resistance
patients treated with gefitinib, erlotinib, or afatinib are
susceptible to primary resistance, but most eventually will
acquire complete resistance'’. Several studies have shown
that more than 20% of patients contend with early relapse

12-15

within 6 months = . Herein, we reviewed the clinical impact
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of treatment, focusing on overall response rate (ORR),
overall survival (OS), and progression-free survival (PFS).
We also reviewed the studies that evaluated concurrent
genomic alterations related to resistance in EGFR-mutated

NSCLC after EGFR-TKI treatment.

EGFR mutation

The human EGFR gene is located on the short
arm of chromosome 7 (7p11.2). It spans about 200 kb,
which contains 28 exons and encodes a protein of 1,210
amino acids'®. EGFR mutations are classified, according to
the American College of Medical Genetics and Genomics
(ACMG), into 3 categories: pathogenic, likely pathogenic,
and benign, as shown in Figure 1. Exon 19 has the
highest mutation frequency at 48.8%, with the majority
being pathogenic mutations. Of all the mutations, 18 were
deletions, which may be either pathogenic or benign. Exon
21 has the second highest number of pathogenic mutations,
totaling 30.95%. Exon 20 has a mutation rate of 14.28%,
including 6 pathogenic mutations and 3 benign mutations.
Exon 18 has a mutation rate of 5.9%, with 3 mutations
classified as pathogenic, and one as likely pathogenic‘s.
Drug-sensitive mutations include point mutations in exon 18
(G719X), point mutations in exon 21 (L858R), and in-frame
deletions in exon 19 (Del19). Drug-resistant mutations are
found in exon 20 (T790M)".

Frequency of EGFR mutations in patients with
NSCLC

EGFR is the most prevalent driver mutation in
NSCLC, frequently found in ADC (40-60%)°. EGFR
mutations are rare in SCC, having a prevalence of less
than 3%°'". The lack of reported mutations may restrict the
beneficial effects of EGFR-TKIs in treating lung cancer
patients with SCC. By geographic region, the prevalence
of EGFR mutation is highest in Asia-Pacific, ranging from

20% to 76%, with an average frequency of 47%. Vietnam
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has the greatest EGFR mutation frequency in the Asia-
Pacific region at 64%, while the Republic of Korea stands
at 43%. The frequency of EGFR mutation in Thailand is
54%. In Europe, the overall frequency of EGFR mutation
is 15%, the lowest among other geographic regions. Within
this region, the EGFR mutation frequency was highest in
Turkey at 37%, and lowest in Austria at 7%, as shown in

Table 1%.

EGFR Tyrosine Kinase Inhibitors (EGFR-TKIs)
EGFR-TKIs are small molecules that prevent the

binding of adenosine triphosphates (ATP) to the tyrosine
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kinase domain of the EGFR within cells. This inhibition
affects intracellular signaling, thereby reducing cell division
and growth®. The EGFR-TKIs are categorized into 3

generations, based on the order of their development.

First-generation EGFR-TKIs

First-generation EGFR-TKIs, such as erlotinib,
gefitinib and icotinib, are quinazoline-derived drugs that
bind to EGFR as a reversible inhibitor. It competes with
ATP for binding at the active site of the tyrosine kinase
domain through non-covalent interactions®. These drugs

have strong inhibitory effects on activating EGFR mutations,

Table 1 Frequency of EGFR mutations in patients with NSCLC of ADC (Modified from Midha et al. 2015)*°

Country EGFR mutation frequency
Overall EGFR mutation frequency (%) EGFR mutation frequency range (%)
Asia-Pacific: Overall 47 20-76
China 48 27-66
Japan 45 21-68
Malaysia 45 39-47
Philippines 52 N/A
Korea 43 20-56
Thailand 54 N/A
Vietnam 64 N/A
Europe: Overall 15 6-41
Greece 22 20-22
Italy 14 10-33
The Netherlands 15 11-20
Poland 13 11-14
Russia 22 20-31
Slovakia 20 N/A
Turkey 37 22-41
United Kingdom 12 N/A
North America: Overall 22 3-42
Canada 14 14
United States of America 23 3-42
Indian subcontinent: Overall 26 22-27
India 26 22-26
Pakistan 27 N/A
South America: Overall 36 9-67
Argentina 19 N/A
Brazil 28 9-34
Peru 67 N/A

ADC=denocarcinoma, EGFR=epidermal growth factor receptor, NSCLC=non-small cell lung cancer
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either exon 19 deletions or exon 21 L858R*. However, they
are only effective in the short term due to the occurrence
of acquired resistance caused by mutations within the

drug-binding site**.

Second-generation EGFR-TKIs

Second-generation EGFR-TKIs, including afatinib,
dacomitinib and neratinib, are quinazoline-based drugs
that act as irreversible inhibitors by binding to EGFR.
The development of these drugs is intended to overcome
the acquired resistance resulting from the failure of first-
generation EGFR-TKIs. The mechanisms of action of
second-generation EGFR-TKIs differ from those of first-
generation EGFR-TKIs. The drugs exhibit an affinity via
covalent bonding to cysteine residues within the tyrosine

kinase domain®.

Third-generation EGFR-TKIs

First and second-generation EGFR-TKIs have
high efficacy, although resistance often develops within
10—14 months after treatment. EGFR T790M is the most
common mutation associated with acquired resistance,
which is present in 50-70% of patients®. Third-generation
EGFR-TKIs are aminopyrimidine-based drugs that act as
irreversible inhibitors by binding to EGFR. Osimertinib is
currently recommended as a treatment option for NSCLC
patients who have developed resistance to first- or
second-generation EGFR-TKIs, as a second- or third-

line therapy®.

Clinical studies regarding EGFR-TKIs treatments
in advanced NSCLC patients

Herein, we have retrieved the study demonstrating
objective response rate (ORR), overall survival (OS), and
progression-free survival time (PFS) in various populations
of advanced NSCLC patients following EGFR-TKI. As
shown in Table 2, there was a total of 1,881 cases of

patients harboring EGFR-activating mutations (deletion
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19, G719X, L858R, and L861Q). All patients received
either first-generation EGFR-TKIs (gefitinib and erlotinib)
or second- generation (afatinib) EGFR-TKIs, and
adenocarcinoma (ADC) was diagnosed in almost all cases
(99.57%; 1,873/1,881 cases).

The ORR, which is the proportion of patients that
achieved a response, was comparable for 3 EGFR-TKIs:
erlotinib (53.8-78.0%), gefitinib (56.0-62.5%), and afatinib
(50.0-70.0%). The median OS was 20.4 months for erlotinib,
ranging from 17.0 to 25.0 months for gefitinib, and from 23.1
to 27.9 months for afatinib. The PFS, which is calculated
as the interval between the initiation of treatment and
progression or death, was found to be 11.2—12.1 months
for erlotinib, 8.0-12.1 months for gefitinib, and 10.3-16.4
months for afatinib.

Furthermore, we have shown in this review a
subset of patient recurrence of various durations. PFS was
categorized into 3 time periods: less than 3 months, 3 to 6
months, and more than 6 months (Table 2). Most patients
usually show relapse after treatment over 6 months: ranging
from 53.6% to 80.3% of the total patients. Nevertheless, a
subset of patients developed the disease within 6 months
of undergoing treatment. This varied among patients from
19.7% 10 46.4%. These findings suggest a pattern of patients
having developed acquired, early resistance to treatment

or not responding to it (referred to as primary resistance).

Resistance to EGFR-TKIs

Although EGFR-TKIs are presented as a preferred
method of lung cancer treatment compared to traditional
chemotherapy, some patients develop resistance after
exposure to the drugs. Resistance to EGFR-TKI is clinically
complex and can present at various times during treatment,
including immediately after treatment initiation (primary
resistance), weeks or months after evidence of the initial
clinical benefit (secondary resistance), or after treatment

has been halted for a variety of reasons®*.
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Primary resistance

Primary resistance is defined as a failure to respond
to treatment for the first time after receiving EGFR-TKIs,
without any evidence of an objective response. Primary
resistance in NSCLC patients can be divided into 4 classes:
1) harboring drug-resistant EGFR mutations; 2) genomic
alterations along with drug-sensitizing EGFR mutations;
3) EGFR wild-type; and 4) unknown mechanisms®. The
most prevalent mutations that result in primary resistance
to EGFR-TKIs in drug-resistant EGFR mutation are the
T790M mutation and insertions in exon 20%.In addition,
many studies have shown that genomic alterations, along
with drug-sensitizing EGFR mutations, may be linked
to primary resistance. These details are summarized in
Table 3. Clinical samples, including tissue and blood, were
obtained prior to treatment in patients treated with either
of the EGFR first- or second-generation TKls (gefitinib,
erlotinib, afatinib, and icotinib).

The clinical definitions of primary resistance provided
are diverse and non-uniform. Two studies define primary
resistance to EGFR-TKIs as a combination of no evidence
of objective response rate (ORR) and progression-free
survival (PFS) for less than 3" and 4 months®, respectively.
In contrast, the other 2 studies only considered PFS of less
than 6 months as the criterion for primary resistance™®. The
genomic alteration of all clinical samples was determined
using target sequencing, which involved analyzing a set
of 22-458 genes. The TP53 mutation was the most
common genetic alteration reported in all of the studies.
It was higher in cases conferring primary resistance than
responders: 100.0% vs. 45.7%°, 80.0% vs. 52.9%, and
87.5% vs. 16.7%"°. Four genes were found in 3 studies
exhibiting different mutation frequencies. CTNNB was
found in 11.1% of patients with primary resistance', 5.0%
in responders vs. 5.2% in non-responders®, and 13.3% in
short PFS vs. 17.6% in long PFS. SMAD4 was found in

11.1% of patients with primary resistance", 10% of non-
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responders vs 23.3% of non-responders®, and 33.3% in
short PFS®. PTEN was found in 5% of non-responders vs
1.7% of non-responders®®, 5.9% in long PFS®, and 6.3%
in short-term responders®. ERBB2-4 was found in 5-15%
of non-responders vs 6.0-8.6% in responders®, 6.7% in
short PFS vs. 5.9% in long PFS®, and 12.5% in short-
term responders®. In addition, a study conducted by Jin
et al. (2018) has shown that RB1, which is only found in
the short PFS, has a high mutation frequency, accounting
for 26.7% of cases. In contrast, another study by Xu et.al.
(2018) observed that the frequency of RB1 mutation was
comparable in both short-term responders (31.3%) and

long-term responders (33.3%) (Table 3).

Acquired resistance

EGFR-TKIs have been shown to have good
response rates and prolong PFS in NSCLC patients with
sensitive activating EGFR mutations. Despite the initial
benefits, almost all patients will experience significant tumor
progression or acquire resistance to EGFR-TKI. The clinical
definition of acquired resistance is non-uniform. Jackman
et al. (2010) have proposed a criteria for defining more
precisely acquired resistance to EGFR-TKIs. This criteria
consists of: 1) previously received treatment with a single-
agent EGFR-TKI (first- or second-generation); 2) either
or both of the following: a tumor that harbors an EGFR
mutation known to be associated with drug sensitivity or
objective clinical benefit from treatment with an EGFR-TKI
(either partial/complete response or stable disease longer
than 6 months. evaluated by RECIST or WHO); 3) systemic
progression of disease while on continuous treatment with
EGFR-TKI within the last 30 days; and 4) no intervening
systemic therapy between cessations of EGFR-TKI and
the initiation of a new therapy™.

It is well known that a secondary point mutation
that substitutes methionine for threonine at amino acid

position 790 (T790M) is mainly the molecular mechanism

J Health Sci Med Res



(8]
|
O
(7]
=
=
@
X
"
oc
L
(O]
w
o
2
[
o
c
[
3
D
7]
)
(1]
£
=
H
o
o
2
&
o
S
o
(8]
c
S
=
©
I
o
=
<
2
=
]
c
[
O

quieje=ejy ‘quuIodI=09| ‘qluilope=13 ‘qunyeb=jen) ‘enssn
peppaquie-uleied paxy-ullewloj=3d-4 Jougiyul 8Seup auisoA} 101deosl 1010.) Yimolb [euuspide=|y 1 -H4DT ‘UoBINW H-4DJ YIM Jeoued Bun| |80 [[ews-uou=)TOSN einw-H493

(21=u ‘slepuodsal

SVYHH ‘2LMV ‘13N ‘2943 ‘NILd Ul uoneinw oN /(%8  wisl-Buo) sypuow $g< S4d - (1=u) U3 -
2L/1) “dwe Y493/(%2°91 ‘21/2) LIMY ‘€SdL/(%EEE ‘2l/b) Lay TSiepu T (91=u ‘siopuodsal (91=u) 09| -
2LV Ul uoneinw oN/(%E°9 ‘91/1) SYHH ‘2IMV ‘13N ‘NIAL/(%S Sl ‘9l/2) eadds  wiel-HoysS) syiuow 9> SHd - (L1=u) Joo -
/(%E1€ ‘91/G) 18H/(%S L€ ‘91/9) "dwe H4DF/ (%G /8 ‘9l/¥)) EGdL TSIopUOdSal WISI-HoUS  :eouelsisel Arewnd jo uonuyeq EEEER esaulyy 8102 ‘NX
4vdv ‘13NO
10MYd ‘4DH ‘dvHY ‘H1V ‘VELANG ‘2dldy ‘FIOW ‘IMLS ‘€20d0 ‘ViaAidy ‘194 ‘PAvINS
‘aouelsisal \CNE_E J18JU0d pue SH44 UOYS ul punoyj >_CO T9ION
(%6°G ‘L1/1) LdVA ‘'VedOL
‘LI4SANL ‘PYOHVIANS ‘Y1003 2INAIN ‘I10d XYLV ‘1ad0dd ‘0savy‘vii3ad ‘grand
‘ZX0S ‘vH4D4 ‘edgy3 ‘2VHAT ‘OdV ‘YVEdAD “INZHOLON ‘L1Od ‘alsavy ‘VeLaM
‘VGINGX ‘FASN ‘NP ‘4vHY “OAN ‘F=2XMN ‘"HDd ‘IVLIVD ‘Videddd ‘14N ‘VeNIdD ‘di4S0
‘PAHO ‘PO0HT ‘IHTA ‘VOEMId ‘008d3 ‘NILd ‘401D ‘2AVINS ‘HHSL ‘OMAD CIMV/(%8'LL
21/2) VAVHL ‘L1 LIMVA(%9°LE “21/€) IMAd ‘LANNLO/(%6°2S ‘21/6) €5dL Sdd BuoT
(%279 ‘SI/1) VIGMAN ‘2SN ‘HLV ‘2YM1d ‘IMAd ‘1SOd ‘Viadd ‘g ‘11v4 (ZI=u
‘eday3 ‘eVYHd3 ‘OdV ‘VELWNA ‘ZHOLON ‘L1Od ‘L1174 ‘2aidy ‘HOLOId ‘NaN ‘NNr ‘4vdy  ‘Sdd BuoT) syuow zi< S4d - (1=u) e}y -
‘L=2XMN ‘Iddd ‘FaNDD ‘1OMYd ‘SYHN ‘49DH ‘€HADS ‘YM2dVIN ‘LHIIN ‘eUVl ‘dgg3d0 (g1=u (1g=u) 09| -
‘IeNMAD ‘HHSLA%EEL ‘Gl/2) HIMLS ‘LANNLD ‘LIMV ‘LI TOW ‘00ed3 ‘€20A0/(%0°02 ‘Gl/€)  ‘Sdd HOYS) syuow 9> Sdd - (£1=u) Joo -
VOEMId ‘VIAIdV/(%L'92 ‘Sl/v) 199/ (%E €€ ‘GL/S) YAVINS/(%0°08 ‘Gl/2l) €GdL *Sdd MoUS  :eouejsisel Arewnd jo uonugeg  ewseld/3d44 - eseulyd 8102 ‘uIr
(%271 ‘9LL/2) NILd /(%92 ‘9LL/E) MV ‘EHOLON /(%€ ‘9LL/S) ZMXEd /(%2'S ‘9LL/9)
FINNLO ‘SYUN ‘IMedVIN /(%0°9 ‘9LL/2) VOEMId ‘LIMV/(%6°9 ‘9LL/8) 2addd /(%8'L ‘9L1/6)
4vHa/(%9°'8 ‘9LL/01) vaay3 /(%56 ‘9Ll/LL) €-1H4Dd /(%L2L ‘9L/v1) 13N /(%S 'SL ‘9LL/81)
HIMLS /(%8°61 ‘9L1/€2) 2dad /(%e'€2 ‘9LL/22) ¥AVINS /(%L'Sy ‘9L1/€S) €5dL TSIopuodsay (%.L¥1 ‘9€1,/02) S8SBd 02 ~
(%S ‘02/1) NILd ‘ZMXgd ‘2ag4d3 HYO Jo 8ouspine ou -
LANNLO ‘AvHa/ (%01 ‘02/2) YAVINS ‘IMSdVIN MV ‘LIMY/ (%S ‘02/€) SYdM ‘e-1d4D4 syuow 4> S4d - (9g1=u) Joo -
‘vagHZ/ (%02 ‘02/v) HMLS 'VOeMId ‘LIN ‘2ddQ/(%00} ‘02/02) EGdL TSIOpUOdSaI-UON :souesisal Aewnd jo uoniuyeq 3d4d - ueaioy 9102 ‘Wi
(%9'G ‘261/11) seseo || -
HYO JO douspIne ou - (81=u) 13 -
aoue)sisal Aewud Jo sesed ul Ajuo eousnbeg TBJION syluow g¢> S4d - (621=U) Jo -
(%11 ‘6/1) PAVINS/ (%L LE ‘6/1) FENNLO/ (%L ‘6/1) IHOLON/(%E'EE ‘6/€) €GdL  :@ouesisal Arewud jo uonuyeq 3d4d - uesioy €102 ‘997
uoljela}je dlwouaL) JaquinN/uoioajjod ajdwes Bnig/sjdwes uonendod Apnis

IML-H453 01 souelsise. Aewnd yum DTOSN IUBINW-H-45HT Ul SUONBIS)E OILIoUSY) € djqeL

J Health Sci Med Res

Journal of Health Science and Medical Research



Raugrut P, et al

(&)
|
(8]
(2]
=
=
@
X
v
oc
L
(O]
w
o
&
[
o
c
[
&
2
7]
)
o
£
=
H
g
@
2
&
[
i
o
(8)
c
=
=
©
I
o
=
<
L2
=
]
c
[
O

UONBINW NOB/L-UOU=-NOB.L ‘UOHEINW NOBLL=+NOBLL
‘peppaquie-uesed paxy-ulleuloj=3d-44 ‘quuiefe=ely ‘qiuIoo=00| ‘qiuiope=p3 ‘qunyeB=jon ‘UolEINW Y493 Yim Jeoueo Bunj (|80 |[BWS-UoU=0TOSN IUBINW-H493

0LHAO ‘INIXY ‘LENNLO ‘OdV ‘vH4D4

ut uonenw oN/A(%S ‘1g/1) YSLVIA ‘L=2XMN ‘FVXOd ‘NILd ‘2NAN /(%0L
‘12/2) 90eMId ‘1ad ‘2addd /(%vl ‘1g/€) YOeMId ‘d4D3 uoneoyidwe /(%61
‘12/7) 49H ‘LAN/(%LS ‘Le/2)) belyd wiy /(%98 ‘1e/8l) €5d.L T—IN06ZL
g0eMId Ul uoneinw oN /(%€ ‘86/1) INIXY ‘LAN/A(%S

‘86/2) 49H ‘NILd ‘2a94d3/(%8 ‘88/€) FANNLO ‘1ad/(%El ‘88/S) ¥H49D4

SOSBO |g :-INOBLL -

(6G=U) ML

H493 .2 pue | -

‘beiud wiv/(%81 ‘88/2) VOEMId 2NAN/(%0° 12 ‘88/8) OLHAD ‘vSLIVIA ‘I SOseO 8¢ HA06LL - anssi
-2X3N ‘Y493 uoneoydwe/ (%12 ‘86/6) LYXO4/(%0S ‘86/61) €5d1 TFINO6ZL Juswieal}-1s0d - uszol-ysal4 - ueslodebuls 202 "BenyD
(21=u) B}y -
(%S°€2 ‘Ll/v) 4493 Sosed /L -IN06LL - (2=u) 3 -
aldmnw (%t'62 ‘L1/S) OdV ‘VOeMId ‘€Sd L/ (%€'Se ‘L1/9) 1IN T-IW06ZL SOseo /| +N0BLL - (g=u) Joo -
(%L ‘L/1) 2889/ (%62 'L/€) 1AN/(%}LS 'L/v) €541 +INO6ZL Juswiyean-isod - ewseld - eseueder | 6102 ‘04NSIO
usuwieas
-a.d 0} pasedwod juswieal-isod ul seuab payeinw Apueoyubis si, 790N
(%0°02 ‘/1) YidDl ‘P2NIHL ‘249491 ‘LdOL “13SVYNY
‘Sl2dNY ‘OGINAY ‘dIdy3Ad ‘86dNN ‘BHAN ‘Y12dNN ‘NIN ‘FINNLO ‘IXad
‘I4vY ‘200H3 ‘PH49D4 ‘GOSVD “HV ‘dVIN ‘eHVF ‘OdX ‘dZLAM ‘9d2dAD
TINVYIN “LYLTI0D “IXV ‘96200 2X0S XYLV ‘HdIT ‘H1V ‘€IMV ‘HALNN
‘VINT ‘61d3S/(%0°0v ‘G/2) 6dVMY “EAWNSD /(%0°09 ‘5/€) -€SdL *~IN06ZL (e=u) 13 -
(%€'8 ‘2l/1) 91vM “VONVH “T4VL “ISA ‘ININ ‘FYADVIN ‘LHINY ‘1901d SOseO gl -IN0BLL - (L1=u) Joo -
‘PHOLON ‘8INHD ‘EMHLN ‘IMdIND ‘da9340 ‘ENHdT ‘D0eMId ‘LYADVIN SOSBO 0 +HNOBLL - suoisnye
‘134 Z2HSIN ‘ZNDL ‘2712109 ‘0LVOLV (%291 21/2) 1ANAS TFINO6ZL  judwiessi-}sod pue juswiesn-ald - [eanejd/3d-44 - uealoy 102 097
(%2'G '€5/€) 1H4D4 MV
199 ‘OdW/ (%S L ‘€9/%) 2XOS ‘LIN ‘SYuM /(%6 ‘€5/S) 2aad3 /(%E 1L (ev=u) 09| -
'©5/9) 1131 /(%6°0S ‘€5/22) €SdL/ (%16 ‘€5/92) U493 sidnw T=IW06ZL (G1=u) 3 -
494 MV ‘L3N ‘S SOSBO €6 -|NOBLL - (92=u) jo9 -
ul uoneINW ON/(%E°€ ‘08/1) 2X0S ‘2add3/(%L£'9 ‘08/2) 1ad ‘OdV/(%E €L SOSBO 0¢ +HNOBLL - suoisnye
‘08/%) 1131/(%0°0L ‘'08/12) €5d1/(%0°00L ‘06/0€) H4D3T e|dmnw T+N06ZL Juswyeai}-isod - [eina|d/3d44d - 8saulyo ,9L0e ‘up
uojjeiajje djwouar) JaquinN/uonoajjod ajdwes pnig/sjdwes uonejndod Apmis

IML-H4D3 01 souesisal paiinboe Yym OTOSN IUBINW-H4DT Ul SUONBIS)E OJWouss) ¢ djqeL

J Health Sci Med Res

Journal of Health Science and Medical Research



Genetic Alteration Correlated with Resistance to EGFR-TKIs in NSCLC

that produces acquired resistance after drug treatment. In
addition, concurrent genomic alterations in genes other than
EGFR may be responsible for acquired resistance (Table
4). Clinical samples, including tissues, pleural effusions and
blood, were obtained at the time of acquired resistance
to EGFR-TKI (gefitinib, erlotinib, afatinib, and icotinib). All
studies have shown that patients having received EGFR-
TKI develop the T790M mutation (T790M+) at: 70.8% by
Otsubo et al. (2019)*', 71.4% by Lee et al. (2017)%, 64.4%
by Chua et al. (2021)*, and 36.1% by Jin et al. (2016)*.
In addition, genetic alterations coexisting with T790M, as
well as concurrent genomic alterations in genes other
than EGFR, may be responsible for acquired resistance.
TP53 was the most frequently mutated gene across all
the studies, 2 of which showed both T790M+ and non-
T790M- mutation (T790M-)***", whereas in the other 2
studies, it was only shown to be present in T790M+"' or
T790M-*. In the T790M+, the mutation of multiple EGFR
positions (100.0%)* and MET (42.9%)" was found in high
frequencies. Similarly, high mutation frequencies have been
identified at multiple EGFR positions (49.1%)*, CSMD3
(40.0%)%, AKAP9 (40.0%)%, MET (35.3%)" and Arm Chr3q
(57%%)%.

Conclusion

First or second-generation EGFR-TKIs are the
approved first-line therapy for NSCLC with EGFR-activating
mutations. This report provides a comprehensive overview
of many studies evaluating the effectiveness of EGFR-TKI
treatments in various populations of advanced NSCLC
patients. The studies evaluated various outcomes, including
ORR, OS and PFS. We additionally reviewed concurrent
gene alterations related to both primary and acquired
resistance. Our findings could aid in the identification
of patients that may derive more benefits from EGFR-
TKI treatment, even though possessing sensitive EGFR

mutations.
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