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Lung cancer, as defined by the National Cancer Institute, 
is the uncontrolled proliferation of cells lining the air 
passages and tissues of the lungs (1). Lung cancer is the 
second most common cancer in both men and women 
(with prostate and breast as the most common in men 
and women, respectively). It is estimated that lung cancer 
accounts for about 14% of all new cancer cases. The 
term ‘lung cancer’ is a broad term used to encompass the 
multitude of well-known histological subcategories such 
as lung adenocarcinoma, squamous cell carcinoma, large 
cell carcinoma, and small cell lung carcinoma (2). Lung 
adenocarcinoma is the most aggressive and prevalent type, 
contributing to about 45% of all lung cancer cases, followed 
by squamous cell carcinoma (25%), large cell carcinoma 
(10%), and small cell lung carcinoma (20%) (2-4). 

Recent estimates on lung cancer are quite alarming. The 
American Cancer Society estimates that about 234,030 new 
cases of lung cancer will be diagnosed in the United States 
in 2018, with a greater prevalence in men as compared to 
women (121,680 and 112,350 respectively) (5). Moreover, 
about 154,050 deaths from lung cancer are predicted this 
year alone (83,550 in men and 70,500 in women) (5). 
Lung cancer is more common in the elderly population 
of 65 years and older, in fact, less than 2% of lung cancer 
patients are in the age population of 45 years or younger. 
Each year, about 1 in every 4 cancer related deaths are lung 
cancers (5). The mortality rate of lung cancer is higher than 
the combined rate of colon, breast, and prostate cancers. 

Undoubtedly, lung cancer continues to be the leading cause 
of cancer related deaths in both men and women (5). 

Based on the morphology of cells, lung cancer can be 
classified into two subtypes; small cell lung cancer (SCLC) 
and non-small cell lung cancer (NSCLC). SCLC is more 
aggressive and fast growing cancer type that starts in the 
lung tissue and migrates to other parts of the body. SCLC 
accounts for 10% to 15% for all lung cancer cases (6). 
When observed under a microscope, the cells look small and 
oval shaped. NSCLC, on the other hand, is less aggressive 
and accounts for about 80% to 85% of all lung cancer cases 
(1,6). NSCLC may originate in squamous cells (squamous 
cell carcinoma), in cells lining the alveoli (adenocarcinoma), 
or in other large cells (large cell carcinoma) (4,7). It is 
pertinent for clinicians to understand this distinction 
for a more careful selection of chemotherapeutic agents 
in advanced stages of NSCLC, with or without a driver 
mutation. For example, patients with lung adenocarcinoma 
respond better to icotinib as compared to pemetrexed 
therapy and titrating the toxicity of bevacizumab in patients 
with squamous cell carcinoma (8). The growing use of the 
term ‘theranostics’ wherein, therapeutic and diagnostic 
strategies are meaningfully combined to develop targeted 
therapy, has now become a commonplace in NSCLC 
treatment. In recent years, researchers have used genomic 
sequencing to identify specific biomarkers, epigenetic 
mutations, tumor-suppressor/activator-genes that are 
potential targets for chemotherapy. The identification of 
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mutant forms of epidermal growth factor receptor (EGFR) 
and anaplastic lymphoma kinase (ALK) rearrangements 
in NSCLC progression has helped in the development of 
targeted therapy (9,10).

The EGFR, abbreviated as EGFR, ErbB1, or HER1, 
is a family of receptor tyrosine kinases that activate and 
elicit cell-signaling pathways leading to cell growth and 
survival (11,12). The PI3K-AKT-mTOR, MAPK and JAK/
STAT pathways are amongst the most common pathways 
regulated by EGFRs (13). It has been reported that EGFR 
overexpression accounts for 40–80% of NSCLC cases thus, 
making it a promising target for chemotherapeutic drug 
development (1). However, it was subsequently discovered 
that the mutant forms of EGFR are more aggressive and 
resistant to conventional chemotherapeutic agents thus 
demanding development of new strategies to target the 
EGFR mutant-positive NSCLC. The mutation in exons 
19 and 21 are the most common EGFR mutations (11,13). 
The exon 19 mutations are the in-frame deletion mutations 
that occur in the LREA motif (amino acids L747 to A750) 
and account for about 60% of all EGFR mutant-positive 
NSCLC cases. On the other hand, mutations on exon 21, 
wherein leucine is replaced by arginine thus, referred to 
as L858, account for about 35–40% of all EGFR mutant-
positive NSCLC cases.

The first EGFR mutant-positive NSCLC case was 
reported in 2004 and since then numerous efforts have 
been made to develop small molecule tyrosine kinase 
inhibitors (TKIs) such as gefitinib (Iressa), erlotinib 
(Tarceva), and afatinib (Gilotrif), and monoclonal antibodies 
such as cetuximab (Erbitux) (14). For the treatment of 
EGFR mutant-positive NSCLC, the recommended 
first-line therapy includes one of three approved TKIs:  
gefitinib 250 mg p.o. daily, erlotinib 150 mg p.o. daily, or 
afatinib 40 mg p.o. daily (15). Both gefitinib and erlotinib 
inhibits the adenosine triphosphate (ATP) in a reversible 
and competitive manner. This ATP provides energy for 
the activation of EGFR, causing blockade of downstream 
signaling molecules. Contrastingly, afatinib is an irreversible 
inhibitor of both wild-type and mutant EGFR. The 
classical Iressa Pan-Asia Study (IPASS) of 2009 involving 
1,217 patients from most of the East Asian countries with 
untreated stage IIIB or IV adenocarcinoma compared 
gefitinib or erlotinib versus carboplatin and paclitaxel 
chemotherapy for EGFR mutant-positive NSCLC (16). 
Patients receiving gefitinib or erlotinib had higher overall 
response rates (ORRs), better quality of life (QoL), and 
better progression-free survival (PFS) and overall survival 

(OS) compared to those receiving carboplatin and paclitaxel 
chemotherapy. These findings were further confirmed by 
a number of trials, to mention a few, OPTIMAL [2011], 
First-SIGNAL [2012], LUX-Lung 3 [2013], and LUX-
Lung 6 [2014] (17-20). In each of these trials, the EGFR 
inhibitor gefitinib, erlotinib, or afatinib were compared 
to conventional chemotherapeutic agents, specifically 
in EGFR-mutant positive NSCLC. The results showed 
that the first-line EGFR TKIs exhibited superior ORRs, 
QoL, and PFS as compared to chemotherapy. Thus, it is 
important to identify the presence of EGFR mutations 
in NSCLC patients to select and implement a strict 
therapeutic regimen, consisting of the proper EGFR TKIs.

Icotinib, an orally available selective EGFR TKI, is used 
for first-line treatment of locally advanced or metastatic 
NSCLC or second or third line treatment for patients 
who failed to respond to at least one prior platinum-based 
chemotherapy (21,22). In 2011, the China Food and Drug 
Administration (CFDA) granted approval for the marketing 
of icotinib hydrochloride (23). Currently in the US, icotinib 
is being investigated in Phase IV clinical trials (22). In 
order to investigate icotinib’s inhibitory activity in EGFR 
mutation-positive lung adenocarcinoma, Shi and colleagues 
conducted a phase III open labeled study comparing 
icotinib versus cisplatin plus pemetrexed as maintenance  
therapy (24). Figure 1 explains the mechanism of action of 
icotinib.

The current study, published in Annals of Oncology, 
assessed the efficacy and safety-profile of icotinib 
and compared it to the conventional platinum-based 
chemotherapy. A cohort of 296 patients with stage III or 
IV lung adenocarcinoma and an EGFR mutation-positive 
genotype was selected for this study. Exclusion criteria 
included patients less than 18 years old, any history of 
chemotherapeutic drug intake, patients who tested negative 
for EGFR mutation, or a patient history of renal, lung or 
cardiac disease. The patients were assigned to receive either 
icotinib or chemotherapy. Icotinib was administered p.o  
125 mg, thrice daily while 75 mg/m2 cisplatin plus 
pemetrexed was administered i.v. for a 3-week cycle. The 
results showed that icotinib had a significantly higher 
PFS and better safety profile as compared to the first-line 
chemotherapy. The OS was found to be similar in both 
the therapeutic regimens. Interestingly, patients carrying 
exon 19-mediated EGFR mutations showed slightly higher 
PFS as compared to those carrying exon 21-mediated 
EGFR mutations, though this increase was not statistically 
significant. Furthermore, the interstitial lung disease, 
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caused by icotinib, was found to be prevalent in individuals 
who were administered a minimum of one chemotherapy 
dose. Shi and colleagues have successfully highlighted the 
strength of this study by justifying their selection of cisplatin 
and pemetrexed chemotherapy as a control for the study. In 
summary, this phase III open labeled study has shown that 
icotinib alone as a first-line therapy improves the survival 
of EGFR mutation-positive lung adenocarcinoma patients 
with fewer side effects, as compared to cisplatin/pemetrexed 
plus pemetrexed maintenance therapy. 

Though we found the results of the study promising for 
the prognosis of NSCLC patients, with fewer side effects, 
the study left some questions. First and foremost, the study 
design compared the treatment of icotinib, a small molecule 
tyrosine kinase inhibitor, versus chemotherapy treatment, 
a combination of alkylating agent (cisplatin) and folate 
antimetabolite (pemetrexed) chemotherapies. Though all 
treatments are considered anti-cancer agents, it is important 
to note the unrelated mechanisms of action between the 
two study arms. The study reveals the success of icotinib 
alone in improving survival of EGFR mutation-positive 
lung adenocarcinoma patients with fewer side effects, as 
compared with cisplatin/pemetrexed, however we are not 
able to accurately evaluate this success without having 
comparative treatment groups alongside using of another 

EGFR TKI. The statistical analysis section of the article 
states the progression free survival (11 months) on icotinib 
therapy was based on the data from gefitinib and erlotinib, 
yet the study did not include either of these currently 
approved EGFR TKI as comparative treatment group arms. 

In addit ion,  the study states while the dose of 
chemotherapy will be reduced if necessary, the reductions 
in the doses of icotinib (125 mg taken 3 times per day) 
were not mentioned. Moreover, the study states the 
regular dosing schedule will be interrupted if adverse 
events of grades 3 or 4 occur. Furthermore, we are told 
that the patients who did not recover to either grade 1 
or 2 of adverse event (AE) will be pulled out of the study 
but it is not clear the percentage of patients who needed 
to temporarily cease treatment due to grade 3 or 4 AEs. 
Moreover, it is unclear that how those patients factored into 
the PFS statistics. Looking further into the AEs, results 
from the study indicated that the most common drug-
related adverse effects were rash for the icotinib treated 
group, versus hematologic and gastrointestinal toxicities 
for the chemotherapy treated group. No description or 
insight into characterization, localization, or severity of the 
icotinib-related rash was provided. 

Originally screening 669 patients over the course of 
19 months, the study population of 296 having an EGFR 
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Icotinib inhibits unchecked cancer cell signalling pathways

Figure 1 Cellular mechanisms of action of icotinib. Icotinib selectively binds to the ATP binding site of the epidermal growth factor 
receptor (EGFR) to inhibit the dimerization and phosphorylation of the tyrosine kinase receptor. This mechanism inhibits the downstream 
activation of unchecked oncogenic cell signaling pathways that promote cell survival, proliferation, tumorigenesis and anti-apoptosis.  
ATP, adenosine triphosphate.
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mutation were included and distributed to either arm of 
the study. However, upon start of the study, it is mentioned 
that 11 patients on the platinum chemotherapy side were 
not given any treatment; as a result, 285 patients remained 
in the study. One hundred and forty-eight of these received 
icotinib while 137 were given chemotherapy. It is not clear 
why these two arms were not re-randomized to maintain 
equality in population numbers in both treatment arms. 
Nonetheless, the population size of the study was of 
relatively good size. Overall, the study reveals great promise 
for NSCLC patients, demonstrating icotinib as a first-
line treatment option with relatively lower side effects as 
compared to chemotherapy.

Studies done in our lab showed for the first time 
that the up-regulation of thymidylate synthase (TS) in 
ABCG2-overexpressing cell line NCI-H460/MX20 plays 
a major role in resistance to pemetrexed therapy (21). We 
found that icotinib alone could significantly decrease the 
expression of TS which may be due to a reduction in E2F-1  
expression (25). Moreover, pemetrexed increased both 
TS and ABCG2 expression. However, TS and ABCG2 
expression were not altered by icotinib alone or in 
combination with pemetrexed, leading to pemetrexed 
resistance in NCI-H460/MX20 cells and tumor xenografts. 
Overall, we suggested that the inhibition of TS and ABCG2 
expressions might overcome pemetrexed resistance in 
ABCG2-overexpressing NSCLC patients.
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