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Abstract

Background: Adenocarcinoma, a subgroup of non-small cell lung cancer, is the most frequent form
occurring in the non-smokers. Mutation in tyrosine kinase domain of epidermal growth factor receptor
(EGFR) has been a common feature observed in lung adenocarcinoma.The study was carried out to detect
the prevalence of EGFR mutation in lung adenocarcinoma. Materials and Methods: EGFR mutation status
in 166 lung adenocarcinoma patients was obtained retrospectively. Mutation tests were performed on paraffin
embedded tissue blocks as a routine diagnostic procedure by polymerase chain reaction followed by direct
nucleotide sequencing. Patient’s demographics and other clinical details were obtained from the medical
records. Results: EGFR mutation was detected in 43/166 (25.9%) patients. Gender wise mutation was
observed as 18/55 (32.7%) in females and 25/1 11 (22.5%) in males. Overall, EGFR mutation was correlated
with never smokers and distant metastasis (P < 0.05), but not associated with the gender, disease stage and
pleural effusion. Exon |9 deletions were significantly correlated with females, never smokers, pleural effusion
and distant metastasis (P < 0.05). However, point mutation on exon 21 did not show any statistical association
with the above variables. Median overall survival was 22 months (95% confidence interval, 15.4-28.6). Female
sex, EGFR mutation and absence of metastasis are associated with good prognosis. Conclusion: EGFR
mutation in lung adenocarcinoma was higher in never smokers, females and patients with distant metastasis.
However, it was not linked with tobacco smoking. The prevalence of EGFR mutation observed is in range
with the previously published reports from the Asian countries.
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INTRODUCTION as well as in India. It accounts for 13% (1.6 million) of the
total cancer cases and 18% (1.4 million) of the total cancer

Lung cancer is a commonly diagnosed malignancy and  deaths world-wide in the year 2008.1"l It is most frequently
among one Of the leading causes Ofdeath around the WOrld diagnosed malignancy in Indian males and the 4.‘]1 most

common together in both the sexes.?! In Delhi, lung cancer

Access this article online is the commonest malignancy in males and the 6™ in females.

Quick Response Code: Website: In terms of cancer deaths, it acquires the highest position in
www.carcinogenesis.com males and the 5" position in females.®) Lung cancer is usually

associated with positive smoking history. However, of all the

DOI: lung cancers diagnosed in the world, approximately 25% were

10.4103/1477-3163.114970 never smokers.*l Non-small cell lung cancer (NSCLC) data

in non-smokers from India were higher and reported from
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52.7% t0 39.5%.1>°! Adenocarcinoma, a subgroup of NSCLC,
is the most common form occurring in the non-smokers and
smokers as well.l It generally presents in an advanced stage
of the disease leaving a limited treatment option. Response
to the standard chemotherapy regimens is poor with short
median survival.

Epidermal growth factor receptor (EGFR) has been associated
with tumorigenesis in several malignancies including
NSCLC.*T Studies have also reported overexpression
with the reduced survival in lung cancer.¥y EGFR is a
transmembrane receptor protein kinase and is a member of’
the avian erythroblastic leukemia viral oncogene homolog
(ErbB) family of receptors, which includes EGFR (ErbB-1),
HER2/neu (ErbB-2), Her 3 (ErbB-3) and Her 4 (ErbB-4).[1"]
Receptor binding to the extracellular domain of EGFR
causes protein kinase activation in the form of downstream
signaling that lead to the growth, proliferation and invasion
of the cell." Somatic mutation in the tyrosine kinase (TK)
domain of EGFR has been a common feature observed in
lung adenocarcinoma,!”?! which is being exploited in lung
cancer treatment with TK inhibitors such as gefitinib and
erlotinib, "% that blocks the cell signaling by binding to the
TK domain. More recently, afatinib (a new molecule which
is an irreversible ErbB family blocker) has shown promising
results in a phase IIb/III trial by increasing the progression
free survival in lung cancer patients who progressed after
systemic chemotherapy and gefitinib/erlotinib therapy.!!

Mutations in the EGFR gene are generally associated with
adenocarcinoma histology of lung cancer, female sex,
non-smokers and Asian ethnicity.['*'7] EGFR mutation
data are available mostly from the population of East Asia
ranging from 24% to 66.3%.1'" %! Studies from USA and
Europe reported low mutation rates (13-17%) in these
populations.l>?'l A few reports are available from India as
well which showed the overall EGFR mutation in lung
adenocarcinoma as 44-55%.12>%! Exons 19-21 are the most
commonly studied exons, which generally serve as mutation
hotspots. In-frame deletions and point mutations are the most
frequently found mutations.!'*218221 There are variations in
the frequency of mutation observed within India.”® More
information and data from India is warranted to establish the
rate of mutation in this ethnic group/Indian subcontinent.
The present study was carried out to detect the prevalence
of EGFR mutation in lung adenocarcinoma in a tertiary care
hospital in India.

MATERIALS AND METHODS

One hundred-sixty six patients of lung adenocarcinoma with
known EGFR mutation status (in routine diagnostic) were
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sequentially included in this study. Patient’s demographics,
history and treatment details were obtained from the
medical records. The data and information were collected
retrospectively from a period of November 2009 to April
2012.

Paraffin embedded tissue blocks (biopsies or surgically
resected specimens), from primary tumors as well as
from metastatic sites, were used for the mutation analysis.
Genomic deoxyribonucleic acid was extracted and exons
18-21 of EGFR gene were amplified by polymerase chain
reaction (PCR). The amplified PCR product was subjected
to the direct nucleotide sequencing for the detection of
mutations. Primers for the PCR and methods were used as
described previously."’!

Statistical analysis was performed using Pearson Chi-square or
Fisher’s exact test, whichever was appropriate for categorical
variables. Kaplan-Meier method was applied for survival
estimate and log rank test for comparing the difterence between
the subgroups. Cox proportional hazard method was used for
the multivariate analysis. A two sided P < 0.05 was considered
significant. Statistical Package for the Social Sciences (SPSS)
version 16 for Windows (SPSS Inc. Chicago, IL, USA) was
used in performing all the statistical analysis.

Institutional Review Board of Rajiv Gandhi Cancer Institute
and Research Centre had granted waiver for this study as the
mutation analysis of EGFR is a part of the routine clinical
practice that helps in decision making and treatment planning
of the patient. Information and the detailed of history of
patients were collected in a de-identified manner.

RESULTS

We included 166 NSCLC adenocarcinoma patients in this
study, of which 111 (69.9%) were males [Table 1]. Median
age of patients was 60 + 9.36 (range 34-79) years. Among all
patients, 57.2% were never smokers. EGFR mutation was
detected in 43/166 (25.9%) patients. High mutation frequency
was observed among the females (32.7%) than in males.
Of all the mutations, the most predominant were in-frame
deletion on exon 19 (51.2%) followed by point mutation
on exon 21 (34.9%). The in-frame deletions comprises of
del746-750 [Figure 1] and del747-752 and point mutation
on exon 21 of L858R (14 cases) and L861Q (1 case). Point
mutation G719A was observed in only one case on exon 18. Tiwo
insertions — ins774A and ins775H and D770-N771 ins SVD
were seen in the exon 20 of EGFR gene. There were three cases
where mutation on two exons were detected simultaneously,
these were exons 20, 21 (T790M, L858R); exons 19, 21 (D761Y
and L858R); exon 19, 20 (del746-750, Q787R).
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Table I: Patient demographics (N=166)

Characteristics Number (%)
Gender
Female 55 (33.1)
Male 111 (66.9)
Median age (years) 60+9.4
20-40 years 7(42)
41-60 years 80 (48.2)
>60 years 79 (47.6)
Smoking history
Current 43 (25.9)
Former 28 (16.9)
Never smoker 95 (57.2)
Disease stage
I 5(3)
mnnv 161 (97)
EGFR mutation status
Mutated 43 (25.9)
Wild type 123 (74.1)
Exon wise mutation
Exon 18 I (2.3)
Exon 19 22 (51.2)
Exon 20 2 (4.7)
Exon 21 15 (34.9)
Combination (one eachin exons 20,21; 3(7)

exons 19,20; exon 19,21)
EGFR: Epidermal growth factor receptor
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Figure I: Deletion of 15 base pairs on exon 19

A total 74% of patients presented with metastatic disease
and the common sites of metastasis were bone (42.6%),
brain (22.8%), liver (13.8%) and adrenal gland (9.6%). EGFR
mutation was associated with never smokers and distant
metastasis (P < 0.05), but it did not significantly correlate
with the gender, disease stage and pleural eftusion [Table 2].
However, a near significant correlation was observed in the
patients in the age group 41-60 years (P = 0.054). The above
mentioned variables were also compared with mutations in
exon 19 and exon 21 (most predominant mutations in the
study). Exon 19 deletions were significantly correlated with
female gender, never smokers, pleural effusion and distant
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Table 2: Frequency of overall EGFR mutation and its
correlation (N=166)

Variables EGFR wild type = EGFR mutated P value
(%)) (%)

Gender
Female 37 (67.3) 18 (32.7) 0.158
Male 86 (77.5) 25 (22.5)

Age
20-40 years 5(71.4) 2 (28.6) 0.054
41-60 years 53 (66.2) 27 (33.8)
>60 years 65 (82.3) 14 (17.7)

Smoking history
Current 39 (90.7) 4(9.3) 0.004
Former 22 (78.6) 6 (21.4)
Never 62 (65.3) 33 (34.7)

Stage of disease
11l 4 (80) 1 (20) 1.000
nnv 119 (73.9) 42 (26.1)

Pleural effusion
No 93 (77.5) 27 (22.5) 0.117
Yes 30 (65.2) 16 (34.8)

Metastasis
No 37 (86) 6 (14.0) 0.044
Yes 86 (69.9) 37 (30.1)

EGFR: Epidermal growth factor receptor
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Figure 2: Kaplan-Meier curve for overall survival

metastasis (P < 0.05). Point mutation on exon 21 was
predominant in males; however, the result was not statistically
significant [Table 3].

At the time of analysis, the survival status of 153/166 patients
were known and hence included in the survival analysis. Mean
follow-up was 12.3 months. Fifty eight out of 153 patients were
deceased. Median overall survival (OS) was 22 months (95%
confidence interval [CI], 15.4-28.6) [Figure 2]. Median
OS was 16 months (95% CI, 11.6-20.4) in EGFR wild
type and 31 months (95% CI, 17.1-44.9) in EFGR mutant
patient (P =0.024) [Figure 3a]. When gender was taken into
account the median OS was 31 months in females (95% CI,
22.3-39.7) than 14 month (95% CI, 9.8-18.2) in males and
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Table 3: Exon-wise distribution of mutation and its correlation (N=166)

Variables Exon 19 (n=22) Exon 21 (n=15)
Wild type (%) Mutated (%) P value Wild type (%) Mutated (%) P value
Gender
Female 43 (78.2) 12 (21.8) 0.029 53 (96.4) 2 (3.6) 0.148
Male 101 (91.0) 10 (9) 98 (88.3) 13 (11.7)
Age
20-40 years 5(71.4) 2 (28.6) 0.354 7 (100) 0 (0) 0.145
41-60 years 69 (86.2) I1(13.8) 69 (86.2) 11 (13.8)
>60 years 70 (88.6) 9 (11.4) 75 (94.9) 4 (5.1)
Smoking history
Current 42 (97.7) 1(2.3) 0.008 41 (95.3) 2 (4.7) 0.359
Former 26 (92.9) 2(7.1) 24 (85.7) 4(14.3)
Never 76 (80) 19 (20) 86 (90.5) 9 (9.5)
Co-morbidities
No 77 (84.6) 14 (15.4) 0.491 82 (90.1) 9 (9.9) 0.789
Yes 67 (89.3) 8(10.7) 69 (92) 6(8)
Stage of disease
i 5 (100) 0 (0) 1.000 5 (100) 0 (0) 1.000
11\% 139 (86.3) 22 (13.7) 146 (90.7) 15(9.3)
Pleural effusion
No 110 (91.7) 10 (8.3) 0.004 108 (90) 12 (10) 0.763
Yes 34 (73.9) 12 (26.1) 43 (93.5) 3 (6.5)
Distant metastasis
No 42 (97.7) 1(23) 0.016 39 (90.7) 4(9.3) 1.000
Yes 102 (82.9) 21 (17.1) 112 (91.1) I1(8.9)

the result was a near significant (P = 0.051) [Figure 3b].
Median survival was 23 months (95% CI, 13.2-32.8) for the
age group 20-40 years, 13 months (95% CI, 17.8-44.2) for
age group 41-60 years and 14 months (95% CI, 6.9-21.0)
in age group more than 60 years (P = 0.032) [Figure 3c].
Distant metastasis was also a significant factor that effect
survival. Median OS was 44 months in the patient presented
without metastasis (95% CI, 12.6-75.2) and 17 months (95%
CI, 10.9-23.1) in patients presented with metastasis at
distant a site (P = 0.009) [Figure 3d]. Current smoker
population showed shorter median OS (12 months) than
never and former smoker population (27 and 22 months),
however, the result was not statistically significant on
log rank test. Other factors like presence or absence of
co-morbidities (23 months vs. 16 months) and presence
or absence pleural effusion (13 months vs. 23 months)
also not achieved a statistical significance. Multivariate
analysis using Cox proportional hazard have shown EGFR
mutation (hazard ratio, 0.411; 95% CI, 0.189-0.894;
P = 0.025), female gender (hazard ratio, 2.227; 95% ClI,
1.173-4.226; P = 0.014) and absence of metastasis (hazard
ratio, 3.248; 95% CI, 1.577-6.689; P = 0.001) to be associated
with longer median OS, thereby indicating a good prognostic
factor.

Chemotherapy alone or in combination with radiotherapy
(RT) and oral targeted therapy was the foremost treatment
modality adopted to treat these patients. Common

sites of RT were brain (48.6%), bone (31.4%) and
lung (17.1%). Pemetrexed combined with platinum
compounds (carboplatin or cisplatin) in a palliative setting
was the main chemotherapy regimen while whole brain
RT was generally offered to the patients presenting with
symptomatic brain metastasis. Ninety percent of the patients
who were EGFR mutation positive received oral targeted
therapy in the form of erlotinib or gefitinib.

DISCUSSION

NSCLCisthe largestsubgroup of lungcancer harboringamajority
of activating mutations in kirsten rat sarcoma viral oncogene
homolog (K-ras) codon 12 and 13, p53 and EGFR.** Recently
discovered echinoderm microtubule-associated protein-like
4-anaplastic lymphoma kinase (EML4-ALK) rearrangement
by Soda et al., is sensitive to the ALK inhibitors.”! Targeting
these mutations has changed the overall treatment strategy
for lung cancer and provides significant benefit to the patient.
EGFR mutation screening is becoming a standard of care in
the oncology clinical practice and treatment with inhibitors
showed efticacy and increase in the survival of patients with
EGFR mutation positive lung cancer. In this paper, we reported
the prevalence of EGFR mutation in lung cancer in India with
the data from a single institute.

Lung cancer adenocarcinoma possesses higher EGFR
mutation rates than any other form of NSCLC.!"**] In the
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Figure 3: Kaplan-Meier curve for overall survival according to (a) epidermal growth factor receptor mutation, (b) sex, (c) age and

(d) distant metastasis at the time of presentation

present study, we examined mutation in the TK domain
of EGFR which is most common factor of the activation
of this receptor on the cell surface.'**! Overall mutation
in the present study was 25.9% which falls in the range of
10-66%,2°?81 reported in the published papers, irrespective
of region and ethnicity. Studies from Korea,!"¥! Taiwan,
Japan,B% and China,"”! have observed EGFR mutation rates as
24%, 50.5%, 26.3% and 38.1%, respectively. In the populations
from Europe and America, frequency of EGFR mutation

in lung adenocarcinoma has been observed as 17.3%,!"

10.6%,1 and 19%.5Y Our result is in line with reports
from Asia. However, a study from India by Sahoo et al.,
has reported mutation frequency in lung adenocarcinoma
as 44%.1%21 Regional difference has also been reported
within India as 65% mutation observed in southern Indian
population and 33% in northern population, according to
an abstract presented in a conference by Aggarwal et al.[*]
Our study population comprises of northern part of India
showing a mutation rate as 25.9%. The variation in the
frequency observed around the world may be because of
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environmental, geographical and ethnic differences, difterent
methodologies of mutation detection and exclusion of less
occurring mutation like exon 18 in some studies.!*32 If
there is a notable difference within India, it needs further
evaluation by prospective population based studies. It could
be suggested that there may be a presence of some unknown
carcinogens in the atmosphere of this part of world that could
lead to the mutation in this gene; however, this hypothesis
needs to be explored.

Point mutation on exon 21 and in-frame deletions on exon
19 of EGFR is the most commonly observed mutation and
accounts for 80-90% of all the mutations detected.**
Our data shows a cumulative mutation of these two exons
as 86.1%, which confirms the published reports that have
pointed the dominance of mutation in these two exons. Dual
mutations in the EGFR gene have also been observed in our
study and these generally occur in combination with exon 19
deletion or exon 21 point mutation which provides us a hint
that these mutations generally get activated in combination
with the frequently occurring mutation.

Higher EGFR mutation rate was observed in females than
males (32.7% vs. 22.5%, P = 0.158) in the present study,
but the result was not statistically significant. However,
this observation is consistent with the previously published
studies that have shown the female gender dominance
in the EGFR mutation.[7?%] Exon-wise comparison of
mutations provide us a positive correlation of female sex,
never smokers, presence of metastasis and pleural effusion
with exon 19 deletions (P < 0.05). However, exon 21 did
not show any correlation with these variables. A similar
result was reported from a study,*? that showed female sex
and never smoking to be associated with exon 19 deletions,
but not associated with exon 21 point mutation. On the
other hand, Tanaka et al.,1”® reported the male gender to be
associated with exon 19 deletions. The reason for female
sex bias is not well-understood; however, Gazdar and
Thun,! reported that estrogen and its receptors probably
influence polymorphic genes expression that regulates
tobacco carcinogen metabolism thereby promoting the lung
carcinogenesis.

Age has been categorized in three groups in this study and
high mutation rate (62.8%) was observed in the age group of
41-60 years (P = 0.054), which is nearly significant as per the
statistics. A similar result has also been observed (P =0.06) with
the age group 40-60 years, previously.? It could be suggested
that the risk of mutation increases with increase in age that
lead to the development of lung cancer. Tobacco smoking is
awell-established factor and one of the major causes in lung
cancer development. Lung cancer in never smokers is also

http://www.carcinogenesis.com/content/12/1/12

frequently experienced world-wide. Our data of NSCLC in
never smoker population (54.7%) is slightly higher than those
of previously published reports from India by Krishnamurthy
etal. (52.7%),° and Malik et al. (39.5%),[* and is also higher
in females than males. There has been an increasing trend
of diagnosis of NSCLC with adenocarcinoma histology in
never smoker group, world-wide and in India as well. In
the present study, a positive correlation of EGFR mutation
was established with the never smokers than the current and
former smokers (54.7%, 21.4%, 9.3%; P = 0.004). The data
confirms the previous studies which have also established
a relationship of EGFR mutation with non-smokers.[14267]
We observed that 96.4% females and 37.8% males were
never smokers in our study while there was much lower
percentage of never smokers in the western population.
The difference in the smoking habits is reflected in the
EGFR mutation data from around the world. Takano et al.,*?!
suggested that EGFR mutation occurs in a random manner
in the population, regardless of the smoking habits and other
genetic mutations like K-ras, which occurs more frequently
and EGFR less frequently in the smoker population. A review
by Lee et al.,* have also showed EGFR mutation in the
never smokers as a single genetic event in lung cancer rather
than other genetic changes like K-ras, p53 which are more
commonly observed in the smoker population. Another study
indicated that carcinogens in the tobacco smoke mutate the
Ras gene, however, in the never smokers where carcinogen
is not present, the upstream pathway of EGFR gene is
activated by unknown factors.?® These findings indicate that
lung cancer in EGFR positive cases does not occur via the
carcinogenic process and pathways induced by tobacco and
its product, rather it follows some other unknown pathways
of carcinogenesis. These processes lead to the uncontrolled
proliferation and invasion of cancer cell, which may develop
metastasis at a distant site.

In NSCLC, the majority of patients present with an advanced
stage of the disease. Correlation of EGFR mutation and
disease stage was not statistically significant even though
majority of mutations were detected in patients with advanced
stage (ITI/IV). However, EGFR mutation in the patients with
distant metastasis was correlated statistically (P = 0.044).
Frequently observed distant metastatic sites in this study
were bone (43%), brain (22.2%), liver (14.1%) and adrenal
gland (9.6%). Togashi et al.P® correlated the presence of
pulmonary metastasis with the EGFR mutation (P < 0.05),
but their data is limited only to a particular metastatic
site. In another study, mutation was associated with
brain metastasis.'”? A recently published study in Dutch
population,®! and another study from Asia,/®! reported an
increased EGFR mutation frequency in patients with pleural
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eftusion. It may be suggested that EGFR mutation activates
some unknown pathway involved in the process of metastasis.
It may also be suggested that patients who have metastasis
and pleural effusion in whom interventional biopsies are not
possible may be considered as candidates for TK inhibitor
therapy.[!

The survival analysis has revealed that female sex, presence
of EGFR mutation and absence of distant metastasis are
associated with improved median OS and also indicated as
a good prognostic factor in a multivariate analysis. Previous
studies have also reported a similar trend with female sex and
EGFR mutation as indicators of good survival.'>!82I The
higher median OS in patients with EGFR mutation could
be due to the better response to systemic chemotherapy and
EGEFR TK inhibitors.

The present study has limitations due to its retrospective
nature and some selection bias in terms of patients whose
EGFR mutation was known or patients with advanced stage
of the discase.

CONCLUSION

The prevalence of EGFR mutation observed is in range with
the previously published reports from the Asian countries. It
is not associated with tobacco smoking as shown in our study
as well as previously published reports, which indicates the
involvement of an alternative mechanism of carcinogenesis
other than tobacco and its products. Further, EGFR mutation
in lung adenocarcinoma is linked with females of Asian
ethnicity, never smokers and in patients presenting with
distant metastasis. Being responsive to oral TK inhibitors,
the screening of this somatic mutation especially in females
and/or never smokers could be very helpful in the further
disease management of these patients.
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