wdJ R

World Journal of
Respirology

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.5320/ wjr.v6.i2.57

World ] Respirol 2016 July 28; 6(2): 57-62
ISSN 2218-6255 (online)
© 2016 Baishideng Publishing Group Inc. All rights reserved.

FRONIIER,

New era of epidermal growth factor receptor-tyrosine
kinase inhibitors for lung cancer

Joana Espiga Macedo

Joana Espiga Macedo, Department of Medical Oncology, Centro
Hospitalar de Entre Douro e Vouga, 4520-211 Santa Maria Da
Feira, Portugal

Author contributions: Macedo JE contributed to article con-
ception, writing, editing and reviewing the final approval of the
article.

Conflict-of-interest statement: Macedo JE has received fees for
serving as a speaker, such as consultant and/or an advisory board
member for Celgene, Merck and Roche.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Joana Espiga Macedo, MD, Consultant
of Medical Oncology, Department of Medical Oncology, Centro
Hospitalar de Entre Douro e Vouga, Rua Dr. Candido de Pinho,
4520-211 Santa Maria Da Feira,

Portugal. joanamacedo@hotmail.com

Telephone: +351-93-6050138

Fax: +351-25-6373867

Received: August 27,2015
Peer-review started: August 31, 2015
First decision: October 8, 2015
Revised: May 25,2016

Accepted: June 27, 2016

Article in press: June 29, 2016
Published online: July 28, 2016

Abstract
Lung cancer is the leading cause of death globally, besides
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recent advances in its management; it maintains a low
5-year survival rate of 15%. The discovery of epidermal
growth factor receptor (EGFR) activating mutations and
the introduction of its tyrosine kinase inhibitors (TKIs)
have expanded the treatment options for patients with
non-small cell lung cancer. Nowadays, EGFR mutation
testing is now a common routine for newly diagnosed
lung cancer. First generation TKIs developed, erlotinib and
gefitinib, were reversible ones. After a median of 14 mo,
eventually all EGFR mutated patients develop resistance
to reversible TKIs. Afatinib, dacomitinib and neratinib,
second generation inhibitors, are selective and irreversible
TKIs. Finally, third generation phase I clinical trials were
performed, with lower toxicity profiles, and targeting with
more precision the driving clone of this heterogeneous
disease.

Key words: Epidermal growth factor receptor-tyrosine
kinase inhibitors; Clonal evolution; Non-small cell lung
cancer; Acquired resistance
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Core tip: Dramatic changes have occurred in the last
decades, concerning the treatment of lung cancer.
The knowledge of clinical, pathological and molecular
pathways has allowed sub-classifying non-small cell lung
cancer (NSCLC), to a point where it has never been
reached. The determination of activating mutations of
epidermal growth factor receptor (EGFR) has permitted
the use of EGFR tyrosine kinase inhibitors (TKIs), such
as erlotinib and gefitinib in first, second and maintenance
setting. However, acquired resistance develops at some
stage of the disease, and second generation TKIs have
been developed, but with similar results to traditional
chemotherapy. With the arrival of third generation TKIs,
a selective target mutational personalized therapy has
accomplished better response rates, with a lower toxicity
profile in phase I clinical trials. The question is should
NSCLC patients with exon 19del and L858R point mutation
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in exon 21 be treated differently, once the driver oncogene
is known? On the other hand, if patients with acquired
resistance with EGFR T790M, should they also be treated
targeting this predominant clone?
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INTRODUCTION

The leading cause of death from cancer disease world-
wide, is lung cancer with a survival rate of 15% at 5
years'). In the European Union lung cancer is responsible
in men for 187300 predicted number of deaths in 2014
and in women for 84500 predicted number of deaths
in 2014'. This numerical evolution since 2009 may
be justified by the increase of aging and population
growth consequently. Lung cancer during the last three
decades, in men reached a peak in the 1980's and has
progressively fallen in the last years. On the other hand
women have been rising during the same period (Figure
1).

Non-small cell lung cancer (NSCLC) is the most
common type of lung cancer (approximately 80%)Y.
The vast majority of NSCLC, approximately 65%, present
with locally advanced or metastatic disease, where local
regional therapy isn't an option. Until 1990's, treatment
with a scheme based on a platinium combination with a
3" generation agent (paclitaxel, gemcitabine, docetaxel
or vinorelbine). Treatment of NSCLC improved with an
overall survival (OS) of about 8 mo™. It was only in
2008, that Scagliotti confirmed the superiority of cisplatin
and pemetrexed scheme for the non-squamous type of
NSCLCP.

With the discovery in 2004 of certain activating mut-
ations in the epidermal growth factor receptor (EGFR)
tyrosine kinase domain, subsequent introduction of
EGFR tyrosine kinase inhibitors (TKIs) in advanced
NSCLC, allowed a further increase in therapeutic options
for NSCLC. Consequently, a precise selection of a spe-
cific clone of patients who were more likely to have
response’®”), The higher incidence of mutations occurs in
a selected population with special characteristics: Most
common in Asian population, women, non-smokers and
adenocarcinomas. Nevertheless, there is no evidence
of clinical characteristics which can upfront indicate the
status if this gene, and for this main reason all patients
should be evaluated for their mutational status before
initiating therapy. These mutations are found in 10% to
15% of metastatic NSCLC tumors™®., Many studies have
shown that EGFR-TKIs, when compared to standard
chemotherapy, namely cisplatin-based doublets, improve
the progression free survival (PFS) and the response rate
(RR) in naive EGFR mutated NSCLC patients (Table 1)**,

Baishidenge ~ WIR | www.wjgnet.com

58

FIRST GENERATION TKI AND PRIMARY
MECHANISM OF RESISTANCE

Understanding the corne stone of the mechanism of
resistance of EGFR-TKIs of first generation (gefitinib and
erlotinib) permits us comprehend the new generations
EGFR-TKIs.

Tyrosine kinase receptors are the intracellular sur-
face of some transmembrane proteins, which are resp-
onsible for controlling the signaling pathways which en-
hances proliferation, growth, differentiation and cellular
migration™. EGFR (HER1/ErbB1), HER2 (ErbB2), HER3
(ErbB3) and the HER4 (ErbB4) are the members of
the ErbB family. They are composed by an intracellular
and an extracellular domain. The binding of a growth
factor in the extracellular domain, promotes receptor
dimerization and subsequent activation, which leads to
the initiation of the intracellular cascade!*!. When we face
tumors with activated EGFR mutations, they become
totally dependent of this activation loop to initiate the
intracellular cascade. On the other hand, when they
are blocked by EGFR TKIs, the cells become unable to
proliferate and begin apoptosis.

A whole range of mutations can occur in the DNA that
encodes the EGFR Kinase, between exons 18 and 24. The
most common or classical mutations are in frame deletion
of exon 19 or L858R point mutation in exon 211,
These common mutations showed benefit in terms of
RR, PFS and OS (74.0%, 8.5 and 19.6 mo respectively).
They occur in approximately 90% of the EGFR mutated
patients and are predictive of response to EGFR-TKI
treatment™®!, However, in the Caucasian population they
are only present in 10% and in 30% to 40% of the Asian
population with NSCLC™?,

Besides these classical mutations, other less frequent
mutations occur in exon 18 (G719X) and in exon 21
(L861Q) and™’*®, These failed to respond to EGFR-TKIs
(RR = 53.3% and 60.0%, PFS 8.1 and 6.0 mo, and OS
16.4 and 15.2 mo respectively). Uncommon mutations
(V769M and A871E) also failed to respond to EGFR-
TKIs (RR = 20%, PFS 1.6 mo and OS 11.1 mo)" . We
also have dlassical exon 20 insertions which are a much
heterogeneous group. These have a very poor response
to TKI therapy, and seem to do better with classical
chemotherapy, like wild-type EGFR patients. The OS is
equivalent to EGFR wild-type™. On the other hand, dlinical
results in EGFR wild-type population were very distinct (RR
= 16.5%, PFS 2.0 mo and OS 10.4 mo) (Table 2)! 524,

Erlotinib and gefitinib are first generation reversible
TKIs, where an objective RR of 50% to 70%, has been
observed in many studies®***?, In fact, when patient’s
treatment is selected based on EGFR mutational status
and treated with TKIs in first line, significant benefit is
acquired in relation to RR and PFS. Concerning, OS no
benefit was accomplished (Table 1). Approximately 30%
of EGFR mutant patients do not respond due to primary
resistance and this mechanism is poorly understood®’.
There is also no clear benefit in uncommon mutations.
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Figure 1 Predicted death rates in the world population (European) form 1970 to 2010; lung cancer (green crosses); European cancer mortality predictors

for the year (from Malvezzi et af”, 2014).

Table 1 Results from studies with tyrosine kinase inhibitor’s in 1% line treatment of non-small cell lung cancer

Study and ref. n Treatment RR (%) P PFS (mo) HR OS (mo) HR
P P
IPASS” 437 Gefitinib/ 71.2/47.3 0.01 95/5.3 0.48 21.6/21.9 0.99
Carboplatin + Paclitaxel (< 0.001)

WJTOG! 177 Gefitinib/ 62.1/32.2 0.01 9.2/63 0.49 309/NA 164
Cisplatin + Docetaxel -0.001

NEJ™ 230 Gefitinib/ 73.7/30.7 0.01 10.8/5.4 03 305/236  NA
Carboplatin + Paclitaxel -0.001

OPTIMAL™ 154 Erlotinib/ 83/36 0.01 13.1/4.6 0.16 226/288  1.06
Carboplatin + Gemcitabin -0.001

EURTAC™ 173 Erlotinib/ 58/15 0.01 9.7/52 0.37 193/195  1.04
Platin doublet -0.001

LUX-LUNG3™! 345 Afatinib/ 56/23 0.01 11.1/6.9 0.58 NA 1.12
Cisplatin + pemetrexed -0.001

NA: Not available; RR: Response rate; PFS: Progression free survival, HR: Hazard ratio; OS: Overall survival.

However, progressive disease develops within 9 to
13 mo, with the acquisition of resistance to inhibitors
of EGFR tyrosine kinase of first generation (acquired
resistance)**>**], New weapons are required to over-
come these obstacles and second generation TKIs were
developed.

SECOND GENERATION TKIS AND
ACQUIRED RESISTANCE

Afatinib, dacomitinib and neratinib are the second gen-
eration, irreversible or co-valent EGFR inhibitors. They are
pan-Erb B inhibitors and active against EGFR mutations
and Thr790Met mutation (where methionine replaces
threonine), but they also inhibit wild-type EGFR.

The mechanism of acquired resistance to TKI is the
greatest limitation to obtain the treatment benefit of
first generation TKIs. The pathways that allow cells to
escape TKIs inhibition are many, but the most important
is configurational change of the ligation of the TKI. The
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most common one is the EGFR T790M which occurs
in 50%-60% cases of acquired resistance. There are
theories which consider that the most common clones
were destroyed by 1% generation TKIs, and that EGFR™*™"
mutations might already exist from the beginning in an
undetectable way, and now be considered the predo-
minant clone, or if it is in fact, a new mutation (Figure
2),

Although afatinib and dacomitinib have shown effi-
cacy in pre-clinical models, they are associated with
RR less than 10% and PFS less than 4 mo in patients
who had received previously erlotinib or gefitinib. The
speculated reasons by many authors, is based on the
theory that either afatinib or dacomitinib can’t inhibit
EGFR™™ in an effective dosage!®**!,

Concerning afatinib, one must not forget the studies
in naive adenocarcinoma EGFR mutated patients which
were randomizes in first line to afatinib vs chemotherapy
in LUX-LUNG 3 and 6 studies®®”, where survival and RR
was improved in the TKI arm. A statistical significant out-
come in OS was also found in the del 19 mutation sub-
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Figure 2 Lung cancer resistance: Model showing how tumor may acquire
stronger clones after first treatment, leading to predominant second sub-
clones, demonstrating the tumor heterogeneity.

group. However, toxic effects of second generation such
as skin rash and gastrointestinal toxic effects mustn't be
neglected. Treatment options after failure of EGFR-TKI
are limited to traditional chemotherapy or best supportive
care.

HOW TO OVERCOME ACQUIRED
RESISTANCE: THIRD GENERATION TKIS

Tumors that acquire resistance to 1% generation TKIs
(erlotinib and gefitinib) and who also respond marginally
to 2" generation (afatinib and dacomitinib), for these
reasons and limitations, third generation TKIs were
created. The 3™ generations TKIs were designed to
inhibit EGFR™*™, but also to inhibit EGFR mutations se-
nsitive to 1% and 2™ generation, but most importantly,
sparing wild-type EGFR. These 3™ generation TKI's are
100 times superior in blocking EGFR™**, when compared
to erlotinib and gefitinib, but much less aggressive
against EGFR wild-type. The activity of third generation
EGFR-TKIs according to the presence of T790M, can be
analyzed concerning OR in Table 3.
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Table 2 Evaluation of outcome of tyrosine kinase inhibitor’s

treatment according to epidermal growth factor receptor mutations
or epidermal growth factor receptor wild-type®**”!

EGFR mutations RR % PFS (mo) OS (mo)

Most common Del exon 9 74 8.5 19.6
L858R exon 21

Less frequent G719X exon18 533 8.1 16.4
1861Q exon 21 60 6 15.2

Uncommon V769M 20 1.6 11.1
A871E

EGEFR wild-type 16.5 2 10.4

EGFR: Epidermal growth factor receptor; RR: Response rate; PFS: Progression
free survival; OS: Overall survival.

Three studies (AZD9291, CO-1686, HM61713)9%5%
with different EGFR-TKIs were developed and studied in
phase I clinical trials. These new three target therapy, third
generation TKIs, are oral selective TKIs, active against the
common EGFR mutations as previously mentioned, as
well as the resistant EGFR™*™. They included patients with
NSCLC with EGFR mutations, already treated with EGFR-
TKI, who had progressive disease after 1% generation
EGFR-TKISs.

Osimertinib (AZD9291)™* has anti-tumor activity
against EGFR L858R tumors, similar to afatinib, but was
more effective and simultaneously also active against
tumors with T790M. This may suggest that AZD9291
is more effective in targeting EGFR mutations in NSCLC
which have developed T790M mediated resistance to
EGFR inhibitors. Recent data have shown that AZD9291 is
effective in first line setting for EGFR mutated NSCLC with
a PFS of 81% at 9 mo™”.

Rociletinib (CO-1686)*®! is an oral, mutant-selective
covalent inhibitor, which acts on EGFR most common
mutations such as: Exon 19 deletions, L858R and T790M,
but not in exon 20 insertions. It is only minimally active in
EGFR wild-type.

HM61713™ is an oral selective inhibitor of EGFR
mutations and EGFR™*™. It has low activity also in EGFR
wild-type. Most common adverse effects were grade 1
and 2 (Table 3).

SUMMARY AND FUTURE PROSPECTS

Third generation EGFR inhibitors are selective drugs
that are active against ERGFR mutations, sparing wild-
type EGFR, and as a consequence have less toxicity,
as they are targeting selectively EGFR mutations. In
opposition to second generation, namely afatinib, were
toxicity grade 3 diarrhea and skin rash occurred in 14%
and 16% respectively, but were better tolerated than
chemotherapy®. The 3" generation TKIs demonstrated
an excellent activity and good tolerance when the TKIs
resistance is associated to EGFR™°™. Nevertheless,
further studies are required to strengthen these results.
Another critical issue, concerns the toxicity profile
of irreversible TKIs and also the quality of life of our
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Table 3 Phase I clinical studies of third generation epidermal

growth factor receptor- tyrosine kinase inhibitors'2¢2®!

Study and ref. n EGFR ORR (%) ORRin ORRinnon
mutations EGFRT790M EGFRT790M
(%) (%)
AZD9291% 232 exon19del 53 64 22
L858R
T790M
CO-1686™" 72 exon19del  NA 58 NA
L858R
T790M
HM61713% 83 T790M 21.7 29.2 NA

EGFR: Epidermal growth factor receptor; NA: Not available.

patients, which remains one of the most important goals
in lung cancer patients, especially in second or third line
treatments.

The progressive elucidation of molecular pathogenesis
of cancer has enabled the development of targeted
personalized therapies. However, this occurs because
as certain pathways are being blocked, tumors find
different “motorways” to reach the same end: Growth,
proliferation and migration.

In fact, this must be treated not as a static disease
but as a dynamic one, where green signs open and
the motorway is free to travel (proliferation), as an
alternative to red signs that have blocked this passage,
leading to apoptosis. Cancer is in fact a clonal disease,
where predominate cells survive depending on which
traffic light is on or off. It's up to physicians to investigate,
namely by re-biopsying these tumors or using liquid
biopsy for circulating tumor DNAPY, when we withstand
progression or acquired resistance to a certain therapy,
being it classical chemotherapy or small molecules, to
determine the driving clone (Figure 1).
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