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Abstract. Modern vector in treatment of patients with lung cancer: tyrosine kinase inhibitors in epidermal
growth factor receptor mutations (literature review). Smorodska O.M., Moskalenko Yu.V., Vynnychenko L.O.,
Vynnychenko O.I., Kostuchenko V.V. Tumor molecular profiling in patients with non-small cell lung cancer
(NSCLC) is used to identify driver mutations, which lead to premature carcinogenesis in more than 80% of
adenocarcinoma cases, including epidermal growth factor receptor (EGFR) mutations. Identification of specific
somatic aberrations allows to personalize treatment. Personalization of treatment resulted in improvement of NSCLC
outcomes. The aim of our study was to consider scientific data on modern concepts of treatment of patients with non-
small cell lung cancer with previously detected oncogenic mutations, especially EGFR mutation. In our study we
analyzed scientific papers and data of international scientific literature on the problem of lung cancer treatment.
Methods used: scientific research, analytical and generalizing. Different drugs are used in treatment of lung cancer.
Choice of treatment scheme depends on type and presence of mutations. Patients with advanced non-small-cell lung
cancer and detected mutation in the EGFR can be treated with tyrosine kinase inhibitors (TKls). Nowadays three first
generation drugs are recommended by FDA: afatinib, erlotinib, gefitinib. They showed good clinical benefit. Most
patients with metastatic NSCLC typically show disease progression after approximately 9 to 13 months of erlotinib,
gefitinib, or afatinib therapy. The first and only commercially available third-generation EGFR TKI is osimertinib - an
oral drug, which selectively inhibits both EGFR-TKI and EGFR T790M resistance mutations. Nowadays scientists are
in active investigation of mechanisms of acquired resistance to TKIs, but little is known yet. Clinical success can be
observed in patients who were treated with TKIs. EGFR T790M is a mutation that leads to acquired resistance to
EGFR TKI therapy. Its incidence is approximately 60% after disease progression on TKI drugs (erlotinib, gefitinib, or
aphatinib). Third-generation EGFR TKls demonstrate high efficacy, but acquired resistance development cannot be
avoided. Mechanisms of acquired resistance to these agents are still investigated.

Pegepar. CyyacHuii BekTOp y JiKyBaHHI Mmami€eHTiB, XBOPHX HAa pak JiereHiB: iHri0iTopu TUpPoO3WH KiHA3uW mpu
EGFR wmytamiax (orusig  Jirepatypu). Cwmopoacbka O.M., Mockanenko 10.B., Bunnuuenko L.O.,
Bunnuuenko O.1., Koctrouenko B.B. Moaexynaprne docniosicenns nyxaun y nayicumie 3 HeOpiOHOKIIMUHHUM PAKOM
neeenv  (HI[PJI) euxopucmosyemuvcs Onisl  GU3HAYEHHS OPAUGEPHUX MYMayil, wo npu3800ams 00 PAHHbOZO
Kanyepozenesy 6 Ginvute Hige 80% eunaokax adeHOKAPYEHOMU, BKIIOYAIOYU MYMAYilo peyenmopa enioepmaibHO20
¢daxmopa pocmy (EGFR). BusnauenHs cneyu@iuHux comamuyuux Mymayiti 00360s€ JIIKY8Amu X60pux nepco-
HANi308AHO, WO NPUBOOUMDb 00 3HAYHO20 NOKpaweHHs pe3yrbmamis nikyeauna H/IPJI. Memoro pobomu Oyno éuguents
npobaemu mapeemnoi mepanii H/[PJI winaxom ananizy 8ionogioHoi Haykoeoi nimepamypu. B sxocmi docnioscysanoco
Mamepiany 6y10 8UKOPUCTIAHO OAHI 3AKOPOOHHUX Odicepet, SIKI 00CAIOHCYIOMb NPoOIeMamuKy HiKY8aAHHS PAKY 1e2eHb.
Hayxosuii nowyk, ananiz ma ysaeanvHenHs Oyau odpawi 6 axocmi memoodis. Ineibimopu muposun xinasu (TKls)
BUKOPUCOBYIOMb 8 AKOCMI CIMAHOAPMHOI mepanii nepuioi Ninii 015 NiKy8anHsa nayicHmie 3 HeOpiOHOKAIMUHHUM PAKOM
nezenw, y axux Hasena mymayis EGFR. JJlo nepuioeo nokoninus in2iOimopie mupo3uH KiHa3u 6i0HOCSIMb 2eq)imunio,
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epromuni6, apamuni6. Ix euxopucmauma noxasano eucoxi mepaneemuuni pesynomamu. Y Ginbuiocmi nayienmie iz
mymayismu EGFR ma memacmamuytum HeOpiOHOKIIMUHHUM DAKOM Je2eHie npubausHo yepes 9-13 micayie mepanii
epromunibom, 2edimunioom abo agpmamunioom cnocmepicacmvcs npoepecis saxeoproéants. Ilepuwum i €OuHuM
KOMepyitiHo docmynuum ineioimopom peyenmopie EGFR mpemvoco noxoninns € ocumepmunio. Ocumepmunio —
opanvhutl, Hezeopomuuti EGFR-ineioimop mpemvoco nokoninus, sxuu eubipkoeo ineibye sk EGFR, mak i mymayii
cmiuxocmi 0o EGFR — T790M. Hapasi eueni akmu6no OO0CHONCYIOMb MEXAHIZMU HAOYMOIL pe3sucmeHmnHocmi 00
iHeiOimopie muposux KiHasu, npome 0Oazamo NUMAHb O00CI 3AMUWAIOMbC  HegupiweHumu. Ilepuwe noKoaiHHsA
ineioimopie EGFR nokasano xiiniunuil ycnix ceped nayicumis, y saxux nassia EGFR mymayis. Haasnicmo mymayii
EGFR T790M nog’szyroms 3 Habymorw pesucmenmuicmio 00 mepanii in2ioimopamu muposun Kinaszu. bByno nokaszawo,
wo 8 60% eunaokie 6uaeleHHA 6KA3AHUX Mymayili Oyio 3a@ikcosano nicia npozpecii 3aX80pPHBAHHA 34 YMOBU
nouamkosoi iOnosidi Ha mepaniro epromuHioom, ceimunioom uu apamunioom. Iueidimopu mupo3ur KiHa3z
Mpemvo2o NOKONIHHA OeMOHCMYIOMb BUCOK)Y eqheKMUBHICMb Ma He CHPUsiomsb pO36UMKY HAOYMOI pe3ucmeHmHOCHi.

Mano 8ioomo npo mexanizmu po3gUmKY pe3sucmeHmHOCmi, MoMy OOCTIOHCEHHS 8 YbOMY HANPAMKY MPUBAIOMDb.

Introduction: Non-small cell lung cancer
(NSCLC) occupies the leading positions among
deaths from cancer [5, 9, 11, 27, 35, 42, 48]. Mole-
cular tumor profiling in patients with NSCLC is
used to detect genetic mutations. Among adeno-
carcinomas, epidermal growth factor receptor
(EGFR) pathology is the most common [7]. Over 10
years ago, this laid the basis for scientifically sound
treatment of abandoned forms of NSCLC. During
last years the clinical management of this disease
has transformed because scientists found out a lot of
milestones. This discovery allowed to make treat-
ment personalized which resulted in improvement of
treatment outcomes in such patients [50].

The aim of the study is to determine the depth of
the problem of targeted treatment of NSCLC by
analyzing the relevant scientific data in the literature
on the problem of lung cancer treatment. Methods
used: scientific research, analytical and generalizing.

One of the keys to the success of NSCLC
treatment was in testing for EGFR mutations. It was
found that EGFR mutations frequency differs in
subgroups. Thus in the subgroup of Asia-Pacific
region the frequency of EGFR mutation was the
highest — 47%, while the lowest level of frequency
of EGFR mutation was found in Oceania — 12%.
Frequency of EGFR mutation is higher in women
than in men and differs in regions. In Europe
mutation occures in 22% of women and 9% of men.
In Africa — about 48% of women and 8% of men
have this mutation. In North America — we can see
28% vs 19%. A history of smoking also affects the
incidence of EGFR mutations. More often genetic
mutation has been diagnosed in patients who had
never smoked compared to those who have had this
habit during lifetime [29].

The epidermal growth factor receptor (EGFR) is
critical in proliferation and survival. Activating of these
mutations are often seen in NSCLC [3, 14, 23, 27, 48].
EGFR mutation testing is recommended in patients
with glandular or adenosquamous tumor variant, for
squamous cell carcinomas it is uncommon [12, 22].
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EGFR is one of the representatives in the tyrosine
kinase receptor family. It is activated by binding
dimerization ligand and receptor. This interaction
leads to activation of several cellular signaling path-
ways: phosphoinositide 3 — kinase (PI3K) — AKT
pathway, STAT pathway, and MAPK pathway.
Activation of these pathways caused increased cell
migration, proliferation, angiogenesis, survival and
decreased apoptosis [13, 39]. In 2004 activating
mutations of EGFR were identified [39]. A lot of
activating mutations were described, but only two of
them can be found in most cases. These main
mutations are called classical activating mutations.
The first one is exon 19 deletion. It was found in
85%. The second one is exon 21 L858R substitution
(found in 90%). Presence of any of these two
mutations is associated with a good clinical response
to EGFR-targeted inhibitor therapies [11, 26, 36, 40,
49]. Clinical trials have shown that about 80% of
patients had good results after treatment with
tyrosine kinase inhibitors (TKI). Median of progres-
sion-free survival (PFS) was about 13 months [41].
It was found that treatment with TKIs improved
overall survival compared with chemotherapy among
patients with exon 19 deletion, while such im-
provement was not observed in patients with linked
with disease L858R substition [18, 22, 38, 45, 49].

After 9-13 months of tyrosine kinase inhibitor
therapy, 60% of patients develop a specific T790M
mutation, linked with acquired resistance to apha-
tinib, erlotinib or gefitinib [6, 11, 24, 28, 47]. Resis-
tance to treatment with targeted drugs may be
primary. Most often, such patients have KRAS mu-
tations or insertions of exon 20, as well as rearrange-
ments of ALK or ROS1 genes [8, 9, 24, 47].

In 1948 Dr. Karnofsky reported that advanced
lung cancer responds to cytotoxic chemotherapy. He
also noticed that cytotoxic chemotherapy has lower
outcomes in the treatment of advanced or metastatic
lung cancer [30]. This idea leads to an absolutely
new treatment concept of patients with advanced
non-small-cell lung cancer with a mutant epidermal
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growth factor receptor (EGFR). Thus, EGFR tyro-
sine kinase inhibitors (TKIs) were chosen as
standard first-line therapy [44]. Afatinib gefitinib
and erlotinib have shown clinical benefit.

The third phase of clinical studies (IDEAL-1/-2)
with gefitinib has shown possibility to use it as
second-/ third- line treatment for pretreated patients
with advanced non-small-cell lung. Once-daily 250
or 500 mg dose showed high antitumor activity with
midlle degree of toxicity (overall response rate — 9%
to 19%; overall survival — 6 to 8 months) [37].

INTACT-1 and -2 study analyzes benefit of
gefatinib vs platinum-doublet chemotherapy for
treatment of patients with unresectable stage
III/TV NSCLC. In this clinical trial chemotherapy-
naive patients were randomly divided into two
groups: first group was treated with gefitinib, while
second received placebo in combination with
platinum-doublet chemotherapy. There were no ad-
ditional benefits observed in the main indicators of
survival and prognosis compared with standard
chemotherapy. In 2003 based on the results of
INTACT gefitinib was approved by the US FDA as
monotherapy for patient with locally advanced or
metastatic NSCLC after completion of the classic
scheme of cytotoxic chemotherapy [35, 44].

Since 2004 erlotinib has been used to treat
patients with locally advanced or / and metastatic
NSCLC. It was prescribed after at least one previous
chemotherapy regimen [19, 33]. For patients with
sensitizing EGFR mutations, the FDA has permitted
the use of this drug as first-line therapy in the case of
metastatic, recurrent, or progressive tumors [17, 19].
Treatment of patients with the most common
activating EGFR mutations with the first generation
EGFR TKIs lead to good clinical success [4, 33].
Reliable data were obtained in a randomized phase
IIT study (IPASS). Patients with EGFR sensitizing
mutations receiving gefitinib had significantly
higher survival and better quality of life compared
with the group of patients treated with paclitaxel and
carboplatin (standard chemotherapy) [16]. A signi-
ficant improvement in disease-free survival up to
11.8 months when using erlotinib as a first-line
therapy is reported in Chinese studies on phase III
OPTIMAL and phase 1T JO22903 [15].

The aim of the updated study (CALGB 30406)
was to compare treatment with erlotinib and its
combination with chemotherapy in patients (predo-
minantly white) with longstanding lung cancer.
Patients receiving erlotinib as monotherapy had
fewer side effects compared with chemotherapy and
erlotinib group. If EGFR sensitizing mutations are
detected during chemotherapy, it was recommended
to discontinue or finish planned chemotherapy and
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switch to target therapy. According to the NCCN
guidelines based on the CALGB study, it is not
recommended to combine erlotinib, gefitinib or
aphatinib with chemotherapy. If the patient has a
progression of the disease, but has no clinical symp-
toms, it is possible to continue target therapy [34].

A similar drug was afatinib. It has slightly more
side effects than erlotinib or gefitinib, but has been
approved by the FDA as a first-line therapy drug [2,
17, 25, 40].

It is a proven fact that the progression of the
disease begins about a year after taking targeted
drugs. EGFR T790M mutation occurs, which indi-
cates the development of resistance to therapy with
TKI [31, 35]. Occurrence of T790M mutation in
exon 20 of the EGFR gene leads to loosing of
efficacy of quinazoline-based first-generation EGFR
TKI. Loosing of efficacy is observed due to absence
of opportunity to bind to the ATP binding pocket at
a receptor, which decreases efficacy of inhibition of
signaling in future. Biology and epidemiology of the
T790M resistance mutation has been studied well.
For targeting at T790M mutation, third-generation
EGFR TKIs were designed [1, 20]. Pyrimidines
named WZ3146, WZ4002 and WZ8040 were
investigated and WZ4002 was found to be the most
powerful against EGFR T790M. However, the drug
has not been approved by the FDA [20].

The only commercially available third-generation
TKI is osimertinib. Osimertinib is a third-generation
EGFR-TKI. One of its benefits is that the drug is
used orally. It can selectively inhibit both sensitizing
to EGFR-TKI mutations and EGFR T790M resis-
tance mutations. But it has lower activity against
wild-type. Positive results of the AURA clinical trial
let osimertinib be approved worldwide for the
treatment of patients with the T790M mutation,
which arose during treatment with TKIs of previous
generation [8, 38].

A randomized study of phase III EGFRA (among
patients with EGFR T790M-positive metastatic
NSCLC), evaluating platinum and pemetrexed che-
motherapy against osimertinib was performed. The
study showed that treatment with osimertinib increased
PFS compared with standard chemotherapy (10.1 vs
4.4 months), especially among patients with CNS
metastases. The disease controlled rate was higher in
patients treated with osimertinib compared with
standart chemotherapy (93% vs 74%) [10].

It was found, that osimertinib showed good cli-
nical benefits for treatment of patients with meta-
static EGFR T790M-positive NSCLC with disease
progression after or during TKI EGFR therapy. Due
to this the FDA approved it. Later osimertinib was
also recommended by the NCCN [34, 38].
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Even after disease progression, it is recom-
mended to continue treatment with erlotinib,
gefitinib or aphatinib as this is beneficial for the
patient. It is known that discontinuation of therapy
leads to faster progression of the disease (appearance
of symptoms, increase in tumor size and deteriora-
tion of the response during PET scan) [32].

In 2017, the NCCN group made adjustments to
the treatment protocols of patients with EGFR
sensitizing mutations which progressed on erlotinib,
gefitinib, or aphatinib. After review, osimertinib was
recommended for the treatment of patients with
symptomatic brain metastases. As an alternative
treatment regimen, continuation of afatinib, erlotinib
or gefitinib therapy was suggested for this group of
patients. When continuing therapy, it was recom-
mended to add or modify additional therapy (e. g.
local or systemic therapy). First-line systemic
therapy combinations were recommended for
patients who have multiple symptomatic lesions and
were not sensitive to T790M. If the patient was
positive for T790M, it was recommended to include
osimertinib in his therapy [34].

Other mechanisms of resistance are multivarious.
They include HER2 and/or MET amplification,
PIK3CA and/or BRAF mutation, and small cell

lung cancer transformation. Their incidence is much
lower than the T790M mutation. Extremely rare
these mutations or amplifications occurred together
with T790M mutation [43, 46].

CONCLUSIONS

1. Clinical success was observed in treatment
with the first generation EGFR TKIs. Similar resuits
were observed in patients with the most common
EGFR activating mutations.

2. Presence of 790M mutation in EGFR leads to
resistance to TKI therapy. Its incidence is approxi-
mately in 60% among patients with disease progres-
sion on TKI drugs (erlotinib, gefitinib, or aphatinib).

3. Third-generation TKIs of EGFR demonstrate
high efficacy, but acquired resistance development
cannot be avoided.

4. Reasons and ways of development of acquired
resistance to these agents are still investigated.
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