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ABSTRACT
Introduction: Nowadays, lung cancer is the most popular cause of cancer-related deaths all around the world. However,
the new progressions in determining specific oncogenes with driver mutations, such as the Epidermal Growth Factor
Receptor (EGFR) gene has ameliorated the prognosis of non-small-cell lung cancer formation. Studies on these biomarkers have targeted the pathways in which drugs act as specific inhibitors to cancer progression. Tyrosine Kinase
Inhibitors (TKIs) against EGFR, such as Erlotinib and Gefitinib, have been able to provide considerable progression free
survival (PFS) for patients by stopping these tumour boosting properties in non-small-cell lung cancers. Unfortunately,
persistent resistance mechanisms have made these agents ineffective in their treatment. To overcome resistance, new
multiple agents were developed, but the treat of resistance still looms over each new advance in EGFR inhibition based
targeted therapy. This article reviews the 1st and 2nd Generation EGFR inhibition, common resistance mechanisms, 3rd
Generation EGFR inhibitor and subsequent treatment option.
Keywords: EGFR, Disease management, Non-small cell lung cancer.

Introduction

Overview of Lung Cancer Management
with EFGR inhibitors
By far, lung cancer has been considered as the single most
common cause of cancer-related mortality with nearly 1.8
million (nearly 20%) new cases worldwide in 2012 [1].
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Although, surgery is considered as the most optimal
treatment for lung carcinoma, the emergence of
molecular receptor targeted therapy has brought major
breakthroughs in patient survival, particularly for the
more common (~80%) non-small cell lung cancer
(NSCLC). Hence, it has now become a pre-requisite for
NSCLC patient to undergo tumor screening for known
biomarkers that predict sensitivity and prognosis to
targeted therapy prognosis respectively [2]. In the last
decades, most of the research studies have examined the
epidermal growth factor receptor gene (EGFR) mutations
which have been prevented successfully by EGFR tyrosine
kinase inhibitors (TKI). EGFR expression has emerged as
one of the most likely target to inhibit cancer progression
and is widely reported in NSCLC patients of Asian
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heritage. Subsequently, these patients produce very
encouraging responses when treated with the
corresponding TKI agent. Unfortunately, the resistance to
these TKI agents occur quite frequently leading to a
complex management plan for these patients. In this
review, the 1st, 2nd and 3rd generations of EGFR inhibitors,
the resistance mechanisms that inhibit their use, and
finally, the remaining options when all the TKI agents
have been exhausted, have been reviewed.

EGFR Inhibitors- 1st and 2nd Generations
EGFR belongs to a family of receptor tyrosine kinases that
can trigger a vast array of signaling pathways leading to
cell growth, proliferation and survival. Such flow-on
pathways include the RAS-RAF-MEK-ERK or MAPK
pathway and the PI3K-AKT-mTOR pathways. For EGFR
activation, there exist three major mechanisms which
include: enhancing the expression of EGFR on malignant
cells; increasing ligand production by malignant cells; and
initiating the mutations of EGFR within malignant cells [3,
4]
. Although it was initially thought that the
overexpression of EGFR was the main therapeutic target
for NSCLC, it was eventually discovered that the real
modifier of cancer progression in EGFR positive patients
was the activating mutations in the tumors. The most
common activating mutations occur at Exon 19
(particularly E746-A750del) and amino acid substitution
in exon 21 (leucine to arginine at codon 858 (L858R)
offering significant target for cancer suppression.
Inhibiting these pathways halts disease progression and
improves recovery in EGFR mutated NSCLC patients [5,
6]
. Thus, molecular translational research has developed
agents that are capable of deactivating these mutations.
These inhibitors became known as EGFR TKI’s.
Gefitinib and Erlotinib were the first generation of EGFR
TKIs which were developed, and both are reversible
competitive inhibitors of ATP for the tyrosine kinase
domain of EGFR resulting in blockade of downstream
pathways. EGFR TKI’s were earlier used in all EGFR
positive patients to explore efficacy and safety in NSCLC
management. As trials matured, characteristics that
correlated with optimal response such as adenocarcinoma
histology, Asian ethnicity and minimal smoking history
were identified [7-9]. This benefitted the medical fraternity
as guidelines showing which population benefited most
from EGFR TKI’S. Subsequently, the first-generation of
EGFR TKI’s (gefitinib and erlotinib) became the standard
for first-line management of the patients with
advanced EGFR-mutated NSCLC. Unfortunately, there
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was a major obstacle in EGFR TKI management.
Although these agents improve progression-free survival,
the resistance usually develops within 12 months of
therapy [10]. There were 2 kinds of resistance observed in
clinical trials which included primary and acquired
resistance. Along with other gene mutation in the
downstream of EGFR signaling pathway, such as
the KRAS mutation, the primary resistance usually
occurred in EGFR wild-type patients. The resulted
mutation is mostly due to the mutation in exon 20 after
continued treatment, that is recognized as the
replacement of threonine at position of 790 by
methionine (T790M) in the tyrosine kinase functional
domain of EGFR. The T790M mutation placed in the
ATP-/drug-binding cleft can activate the resistance by
blocking the binding of Gefitinib and kinase domain [11, 12].
This prevents TKI from inhibiting EGFR thus allowing
disease progression. Along with T790M, other kinds of
resulted mutations, like c-MET amplification,
D761Y, L747S, and T854A, were also recognized in
Gefitinib-resistant patients. All these acquired resistance
mechanisms will render EGFR inhibitors ineffective in the
battle for survival.
To overcome resistance, 2nd generation of EGFR
Inhibitors like Afatinib were developed to offer options
for EGFR mutated NSCLC patients. Afatinib forms
covalent irreversible bonds with their target that
intensifies their efficiency by inhibiting EGFR signaling
more effectively. Afatinib which is considered as the only
ascertained drug indicating an intensified overall survival
(OS) can treat patients with an exon 19 deletion
compared to chemotherapy, i.e. 31.7 (95% confidence
interval (CI) of 28.1–35.1) vs. 20.7 (95% CI of 16.3–
25.6) months, respectively [13, 14]. However, for the
patients with a L858R mutation, OS can be achieved by
afatinib and chemotherapy treatment with OS 22.1
months for afatinib; 95% CI of 19.6–25.4 vs. 26.9
months for chemotherapy with 95% CI of 23.2–31.7 [15].
Unfortunately, afatinib was not spared from resistance
mechanisms as well. Most resistance mechanisms for
afatinib are similar to 1st generation EGFR inhibitors
whereby both T790M and MET gene amplification were
potent resistance mechanisms that rendered minimal
benefits of patients. Multiple other mechanisms such as
phosphorylation of Src family kinase (SFK) [16] and
autocrine signaling of the JAK/STAT 3 pathway [17] were
also contributory to afatinib resistance, but are quite rare
among patients.
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3rd Generation EGFR Inhibitor
The emergence of resistance mechanism in both 1st and 2nd
Generation of EGFR TKI’S has led to the development of
third-generation TKIS targeting the most common
resistance mechanism, T790M mutation. EGFR-TKIs
with the capacity to bind T790M mutated receptor and
inactivating it, were synthesized and successfully tested in
patients with respective acquired resistance. Additionally,
third-generation TKIs have shown high tolerability
because of their higher ability to spare EGFR wild-type
counterpart [18]. Therefore, 3rd Generation TKIs have
brought fewer side effects and better quality of life for the
patients. This was demonstrated in a study in which EGFR
resistant patients with T790M mutations were treated by
osimertinib, a third generation egfr inhibitor, that showed
to have superior OS and better tolerability to standard
platinum–pemetrexed chemotherapy [19, 20]. The high
effectiveness of osimertinib in patients with T790Mmediated AR led to its increased approval by the FDA in
November 2015 [21]. Lately, the findings of the
confirmatory phase III examination of osimertinib versus
platinum-based chemotherapy were presented. The
effectiveness of osimertinib as a standard treatment for
T790M-positive NSCLC patients after disease progression
on a first- or second-generation EGFR TKI was clearly
demonstrated by the obtained findings [22-24].
Along with the three EGFR TKIs advocated in the
frontline setting, the EGFR-mutant NSCLC paradigm was
changed in the late 2017 with the phase 3 FLAURA
outcomes at the 2017 European Society of Medical
Oncology (ESMO) Congress. The findings showed that
osimertinib should not be reserved for EGFR patients
who had therapy resistance to 1st and 2nd generation EGFR
TKI’s. Instead, it should be used as the first line treatment
for all EGFR positive patients [25, 26]. The outcomes of
FLAURA indicated that frontline osiemrtinib reduced 54
percent of the risk of progression or death comparing to
the standard therapy, which included Tarceva or Iressa. In
addition, the duration for standard therapy for median
progression-free survival (PFS) was 10.2 months, and
while it was 18.9 months for Tagrisso. The median
duration of response was doubled with Tagrisso versus
standard therapy at 17.2 and 8.5 months, respectively [27].
This represented a very big step forward for EGFR
mutated NSCLC patients who had renewed hope on
battling the cancer.
Unfortunately, tertiary EGFR resistant mutations have
also been reported for osimertinib as well, whereby a

mutation at exon 20 sounds like a common escape
mechanism. P.C797S happened in EGFR exon 20 shaping
the replacement of a cysteine with a serine in the position
797. The amino-acid cysteine located at the position 797
represented the site used by all third-generation EGFRTKIs for the covalent binding to the receptor, that is
needed to contrast the intensified affinity for ATP
determined by p. T790M [28, 29]. Subsequently, this change
caused an inability in the TKI to disrupt EGFR activity and
cancer progression resumes.
Several authors have recognized the appearance of
p.C797S in preclinical setting as an EGFR resistance
mechanism. [30] conducted a research on evaluating
EGFR mutations resistant to osimertinib, rociletinib or
WZ4002, by applying mutagenesis. They declared that
C797s is one of the most widespread resistance
mechanism to 3rd-generation TKI’s. It was interesting
that, based on their models, T790M-negative cells with
p.C797S could prolong sensitivity to quinazoline-based
EGFR inhibitors, such as gefitinib or afatinib. In a similar
way, [31, 32] examined the cell lines treated with increasing
doses of WZ4002, and found out that resistant cells
expressed C797S point mutation, in cis with p. T790M in
85% of cases. They noticed that cells with mutations in
Trans could be sensitive to a mixed therapy with first- and
third-generation TKIs, while those with mutations in
cis are resistant to any EGFR-TKI both alone and
combined. This offered a treatment option which can be
used to treat patients’ resistant to osimertinib.
Apart from that, there are also cases where the selective
pressure determined by third-generation TKI treatment
could result in disappearance of the resistance mechanism
reverting the tumor status to pre-T790M state [33]. Two
various resistance pathways were identified by their study
which include: one with intensifying the plasmatic levels
of p. T790M and activating mutation, indicating the
appearance of a resistant clone still carrying p. T790M
and probably with newly gained mechanisms; the other
with plasmatic T790M disappearance, suggesting the
prevalence of T790M-negative clones unresponsive to
drug inhibition. This showed that new mechanisms of
resistance unrelated to T790m could occur as well as such
CMet amplification and HER amplification as a result of
osimertinib resistance. In particular, amplification of these
genes could lead to an innate resistance to thirdgeneration TKIs and justify a combination therapy. [33] also
noticed that gene amplifications are popular form of
resistance for EGFR target sites especially if targeted
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therapy is given at suboptimal levels that does not hinder
cancer progression adequately [33]. They hypothesized that
more drug concentrations or a more powerful TKI-agent
could not be vulnerable to this resistance mechanism.

Conclusion
In conclusion, EGFR mutated NSCLC has found vast
progress in disease management with the introduction of
EGFR TKI’s. However, resistance mechanism has
continued stubbornly to develop until impacting even the
third-generation EGFR-TKIs. As indicated in this review,
escape mechanisms EGFR-dependent or -independent are
likely to emerge, highlighting the importance of repeated
tumor biopsies and/or to collect plasma circulating tumor
DNA (ctDNA) at the time of disease progression.
Combination therapy looks likely to be the next step in
EGFR mutated NSCLC management.

References
1. Vos, T. et al. Global, regional, and national
incidence, prevalence, and years lived with
Disability for 310 diseases and injuries, 19902015: a systematic analysis for the Global Burden
of Disease Study 2015. The Lancet 1545(388),
10053 (2016).
2. Masters GA, Temin S, Azzoli CG, et al. on
behalf of the American Society of Clinical
Oncology Clinical Practice Systemic therapy for
stage iv non-small-cell lung cancer: American
Society of Clinical Oncology clinical practice
guideline update. J Clin Oncol. 2015; 33:3488–
515.
3. Paez JG, Jänne PA, Lee JC, et al. EGFR
mutations in lung cancer: correlation with
Clinical response to gefitinib therapy. Science.
2004; 304:1497–500.
4. Lynch TJ, Bell DW, Sordella R, et al. activating
mutations in the epidermal growth factor
receptor underlying responsiveness of non-smallcell lung cancer to gefitinib. N Engl J Med.
2004; 350:2129–39.
5. Pao W. Miller VA. Politi PA, et al. Acquired
resistance of lung adenocarcinomas to gefitinib or
erlotinib is associated with a second mutation in
the EGFR kinase domain. PLos Med. 2005; 2:
e73.

118

6. Mok TS. Wu YL. Thongprasert S, et al. Gefitinib
or
carboplatin-paclitaxel
in
pulmonary
adenocarcinoma. N Engl J Med. 2009; 361:947.
7. Mitsudomi T, Morita S, Yatabe Y et al. West
Japan Oncology Group. Gefitinib versus cisplatin
plus docetaxel in patients with non-small-cell
lung cancer harbouring mutations of the
epidermal
growth
factor
receptor
(WJTOG3405): an open label, randomised
phase 3 trial. Lancet Oncol 2010; 11:121–8.
8. Maemondo M, Inoue A, Kobayashi K et al.
North-East Japan Study Group. Gefitinib or
chemotherapy for non-small-cell lung cancer
with mutated EGFR. N Engl J Med 2010;
362:2380–8.
9. Zhou C, Wu YL, Chen G et al. Erlotinib versus
chemotherapy as first-line treatment for patients
with advanced EGFR mutation-positive nonsmall-cell lung cancer (OPTIMAL, CTONG0802): a multicentre, open-label, randomised,
phase 3 study. Lancet Oncol 2011; 12:735–42.
10. Han JY, Park K, Kim SW et al. First-SIGNAL:
first-line single-agent iressa versus gemcitabine
and cisplatin trial in never-smokers with
adenocarcinoma of the lung. J Clin Oncol 2012;
30:1122–8.
11. Nguyen KS. Kobayashi S. Costa DB. Acquired
resistance to epidermal growth factor receptor
tyrosine kinase inhibitors in non-small-cell lung
cancers dependent on the epidermal growth
factor receptor pathway. Clin Lung Cancer.
2009; 10:281.
12. Engelman JA. Zejnullahu K. Mitsudomi T, et al.
MET amplification leads to gefitinib resistance in
lung cancer by activating ERBB3 signaling.
Science. 2007; 316:1039.
13. Miller V., Hirsh V., Cadranel J., Chen Y., Park
K., Kim S., et al. (2012) Afatinib versus placebo
for patients with advanced, metastatic non-smallcell lung cancer after failure of erlotinib,
gefitinib, or both, and one or two lines of
chemotherapy (LUX-Lung 1): a phase 2b/3
randomised trial. Lancet Oncol 5: 528–538.
14. Yang J., Shih J., Su W., Hsia T., Tsai C., Ou S.,
et al. (2012) Afatinib for patients with lung
adenocarcinoma and epidermal growth factor
receptor mutations (LUX-Lung 2): a phase 2
trial. Lancet Oncol 5: 539–548.

Journal of Advanced Pharmacy Education & Research | Jan-Mar 2018 | Vol 8 | Issue 1

Mathialagan A., et al.: Review of treatment management for patients

15. Yang J., Ahn M., Ramalingam S., Sequist L.,
Novello S., Su W., et al. (2015) AZD9291 in
pre-treated T790M positive advanced NSCLC:
AURA study phase II extension cohort. J Clin
Oncol 10(Suppl. 2): S319.
16. Yoshida T, Zhang G, Smith MA, et al. (2014)
Tyrosine phosphoproteomics identifies both
codrivers and cotargeting strategies for T790Mrelated EGFR-TKI resistance in non-small cell
lung cancer. Clinical Cancer Res. 1;
20(15):4059-4074.
17. Zhou W, Ercan D, Chen L, Yun CH, Li D,
Capelletti M, et al. Novel mutant-selective
EGFR kinase inhibitors against EGFR T790M.
Nature (2009) 462(7276):1070–4. Doi:
10.1038/nature08622.
18. Cross DA, Ashton SE, Ghiorghiu S, Eberlein C,
Nebhan CA, Spitzler PJ, et al. AZD9291, an
irreversible EGFR TKI, overcomes T790Mmediated resistance to EGFR inhibitors in lung
cancer. Cancer Discov (2014) 4(9):1046–61.
19. Janne PA, Yang JC, Kim DW, Planchard D, Ohe
Y, Ramalingam SS, et al. AZD9291 in EGFR
inhibitor-resistant non-small-cell lung cancer. N
Engl J Med (2015) 372(18):1689–99.
20. Cross DA, Ashton SE, Ghiorghiu S et al.
AZD9291, an irreversible EGFR TKI,
overcomes T790M-mediated resistance to EGFR
inhibitors in lung cancer. Cancer Discov 2014;
4:1046–1061.
21. Khozin S, Weinstock C, Blumenthal GM et al.
Osimertinib for the treatment of metastatic
EGFR T970M mutation-positive non-small cell
lung cancer. Clin Cancer Res 2017; 23:2131–
2135.
22. Mok TS, Wu YL, Ahn MJ et al. Osimertinib or
platinum-pemetrexed in EGFR T790M-positive
lung cancer. N Engl J Med 2017; 376:629–640.
23. Yang JC, Ahn MJ, Kim DW et al. Osimertinib in
pretreated T790M-positive advanced non-smallcell lung cancer: AURA study phase II extension
component. J Clin Oncol 2017; 35:1288–1296.
24. Goss G, Tsai CM, Shepherd FA et al.
Osimertinib for pretreated EGFR Thr790Metpositive advanced non-small-cell lung cancer
(AURA2): A multicenter, open-label, singlearm, phase 2 study. Lancet Oncol 2016;
17:1643–1652.

25. Abstract LBA6_PR ‘Osimertinib vs standard of
care (SoC) EGFR-TKI as first-line treatment in
patients with EGFR-TKI sensitising mutation
(EGFRm) positive advanced non-small cell lung
cancer (NSCLC): FLAURA Asian subset ‘will be
presented by Byoung Chul Cho during the Mini
Oral Session Thoracic malignancies 2 on Sunday,
19 November 2017, 14:30 to 15:25 (SGT) in
Room 310. Annals of Oncology, Volume 28,
2017 Supplement 10.
26. ‘Osimertinib in treatment-naïve EGFR mutationpositive advanced NSCLC (FLAURA)’ S
Ramalingam et al, The New England Journal of
Medicine (NEJM), 10.1056/NEJMoa1713137,
http://www.nejm.org/doi/full/10.1056/NEJ
Moa1713137.
27. Abstract LBA2_PR ‘Osimertinib vs SoC EGFRTKI as first-line treatment in patients with
EGFRm advanced NSCLC (FLAURA)’ S.
Ramalingam et al. Annals of Oncology, Volume
28, 2017 Supplement.
28. HN, Jung KS, Yoo KH, Cho J, Lee JY, Lim SH,
et al. Acquired C797S mutation upon treatment
with a T790M-specific third-generation EGFR
inhibitor (HM61713) in non-small-cell lung
cancer. J Thorac Oncol (2016) 11(4).
29. Oxnard GR. Mechanisms of Acquired Resistance
to AZD9291 in EGFR T790M Positive Lung
Cancer. IASLC 16th World Conference on Lung
Cancer; September 6–9, 2015; Denver, CO,
USA [ID1365]. 2015.
30. Thress KS, Paweletz CP, Felip E, Cho BC,
Stetson D, Dougherty B, Lai Z, Markovets A,
Vivancos A, Kuang Y, Ercan D, Matthews SE,
Cantarini M, et al. Acquired EGFR C797S
mutation mediates resistance to AZD9291 in
non-small cell lung cancer harboring EGFR
T790M. Nat Med. 2015; 21:560–562.
31. Niederst MJ, Hu H, Mulvey HE, et al. The
Allelic Context of the C797S Mutation Acquired
upon Treatment with Third-Generation EGFR
Inhibitors Impacts Sensitivity to Subsequent
Treatment Strategies.Clin Cancer Res 2015;
21:3924-33.
32. Hata AN, Niederst MJ, Archibald HL, et al.
Tumor cells can follow distinct evolutionary
paths to become resistant to epidermal growth

Journal of Advanced Pharmacy Education & Research | Jan-Mar 2018 | Vol 8 | Issue 1

119

Mathialagan A., et al.: Review of treatment management for patients

factor receptor inhibition. Nat Med 2016;
22:262-9.
33. Piotrowska Z, Niederst MJ, Karlovich CA, et al.
Heterogeneity Underlies the Emergence of
EGFRT790 Wild-Type Clones Following
Treatment of T790M-Positive Cancers with a
Third-Generation EGFR Inhibitor. Cancer
Discov 2015; 5:713-22.

120

Journal of Advanced Pharmacy Education & Research | Jan-Mar 2018 | Vol 8 | Issue 1

