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Abstract

Aims: The primary objective of this study was to estimate the clinicopathological and molecular profile of lung cancer patients along with the evaluation of
their clinical characteristics at a tertiary care hospital in Northern India. Subjects and Methods: A total of 421 patients with lung cancer histology who
were treated at Max Super Speciality Hospitals were included in the study.The study protocol conforms to the ethical guidelines of the 1975 Declaration
of Helsinki and permission was obtained from the Ethics Committee before the start of the study. Clinical characteristics and molecular profiling data were
collected from the patient’s medical records. Results: There were 330 (78.4%) men and 91 (21.6%) women with a median age of 62 years (range: 30-93 years).
Of the 421 patients, 388 (92.2%) patients had the nonsmall cell lung cancer (NSCLC) histology whereas 33 (7.8%) patients were of SCLC histology. Histology
and gender had a significant association with NSCLC and SCLC (P < 0.05). Epidermal growth factor receptor (EGFR) and echinoderm microtubule-associated
protein like 4-anaplastic lymphoma kinase (EML4-ALK) fusion gene testing was done in 120 and 93 patients, respectively. Of the 120 patients, 24 (20%)
cases were positive for EGFR mutations whereas EML4-ALK fusion gene was present in 8 (8.6%) out of 93 patients. Conclusions: Our study confirms
the importance of molecular testing in the NSCLC patient subgroup with an aim to identify the exact molecular targets that can benefit from the newer
generation of targeted therapies.
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Introduction

Despite significant advancement in the overall management of
lung cancer, it still remains a leading cause of cancer-related
deaths worldwide. It is estimated that in the year 2012, 1.8
million new cases of lung cancer have been diagnosed globally
whereas 1.6 million people succumbed to this grave disease.!'?
Lung cancer constituted 12.9% of the total estimated cancer
incidence in the year 2012 with majority of the cases (58%)
occurring in less developed countries. Hungary, Serbia,
and Korea are the leading countries with a lung cancer
incidence of 51.6%, 45.6%, and 44.2%, respectively.) Globally,
more men are reported to have lung cancer as compared to
women with a ratio of 2.13:1. While the men-to-women ratio
in the less developed WHO region is 2.38:1, the same is
1.83:1 for the more developed WHO region.’’ WHO Western
Pacific Region Office accounted for the highest number
of lung cancer deaths (48% in men and 45% in women),
followed by WHO Europe Region (26% in men and 21%
in women), WHO Americas Region Pan American Health
Organization (14% in men and 23% in women), and WHO
South-East Asia Region (9% each in men and women). WHO
East Mediterranean Region and WHO Africa Region accounted
for the lowest number of lung cancer deaths: 2% in men and
1% in women and 1% each in men and women, respectively.!"
India has a high mortality of lung cancer, and the incidence
for both men and women has increased over the past three
decades.['*4 Adenocarcinoma is the most commonly occurring
subtype of lung cancer with a very dismal prognosis.®’ Small
cell lung cancers (SCLCs) are a very aggressive subtype of
lung cancer that comprise approximately 15% of all lung
cancer globally, whereas the other 85% are represented by
non-SCLC (NSCLC).["I High growth fraction, rapid doubling,
and widespread metastasis are the typical hallmarks of SCLC.!"!
The overall 5-year survival rate of advanced lung cancer is

Department of Medical Oncology, Artemis Hospitals,
'Department of Medical Oncology, Max Super
Speciality Hospital, New Delhi, India
Correspondence to: Dr. Randeep Singh,

E-mail: drrandeep@yahoo.co.in

Access this article online

Quick Response Code:

o)

Website: www.sajc.org

DOI: 10.4103/sajc.sajc_63_17

very poor and remains in the range of 5%—15% only.'?! The
stage at diagnosis along with the presence of local, regional, or
distant metastasis plays a key role in determining the overall
5-year survival rates.['¥) Smoking is the major risk factor
for lung cancer and is responsible for 80% of its incidences
worldwide.['*"¥] Hereditary, genetic factors, pollution, exposure
to asbestos, and pesticides are some other risk factors for lung
cancer.!"142211 Globally, smoking accounts for 80% and 50% of
lung cancer deaths in men and women, respectively. While the
prevalence of tobacco smoking has shown a downward trend in
the high-income countries, the same has increased significantly
in several low- and middle-income countries.!'>2

The present study was carried out to estimate the
clinicopathological and molecular profile of lung cancer patients
along with the evaluation of their clinical characteristics at a
tertiary care hospital in Northern India.

Subjects and Methods

Patients with lung cancer histology who were treated at
Max Super Speciality Hospitals between January 2014
and June 2015 were considered for this study. The study
protocol conforms to the ethical guidelines of the 1975
Declaration of Helsinki and permission was obtained from
the Ethics Committee before the start of the study. Clinical
characteristics and molecular profiling data were collected
from the patient’s medical records. A trained pathologist
performed immunohistochemistry staining using antibodies
against TTF1, P53, Napsin A, and CK 5/6. Formalin-fixed,
paraffin-embedded tissue blocks were used for the mutation
analysis. TagMan-based real-time polymerase chain reaction
technique was used for the detection of epidermal growth
factor receptor (EGFR) mutation with the help of probes
that can anneal specifically to the mutant or wild-type allele.
The mutations studied were in-frame deletions in exon 19,
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L858R point mutation in exon 21, and the G719C point
mutation in exon 18. Anaplastic lymphoma kinase (ALK)
gene rearrangement was detected by fluorescence in situ
hybridization using the Vysis ALK Break Apart Rearrangement
Probe Kit (Abbott Molecular, Abbott Park, IL, USA), which
identifies all rearrangements of ALK irrespective of other fusion
partners.

Descriptive statistics were used to describe demographic data.
Statistical analysis was performed using Pearson’s Chi-squared
or Fisher’s exact test, whichever was appropriate for categorical
variables. Logistic regression was performed to compare the
study groups. A two-sided P < 0.05 was considered statistically
significant. Binary logistic regression with single independent
variable was performed, and therefore statistical correction
has not been applied to the P values. Statistical analysis was
performed using SAS version 9.3 (SAS Institute Inc.).

Results

A total of 421 lung cancer patients were included in the
study. There were 330 (78.4%) men and 91 (21.6%) women
with a median age of 62 years (range: 30-93 years). Of the
421 patients, 388 (92.2%) patients had the NSCLC histology,
whereas 33 (7.8%) patients were of SCLC histology. With
a representation of 52.9%, adenocarcinoma was the most
prominent histological subtype. Baseline patient characteristics
are presented in Table 1. The site of biopsy at presentation is
shown in Table 2, with lung being the primary site of biopsy
both for NSCLC as well as SCLC. The association of each
of the individual factor with regard to NSCLC and SCLC
is shown in Table 3. Histology and gender had a significant
association with NSCLC and SCLC (P < 0.05). The result of
molecular testing is shown in Table 4. EGFR and echinoderm
microtubule-associated protein like 4-ALK (EML4-ALK) fusion
gene testing was done in 120 and 93 patients, respectively.
Of the 120 patients, 24 (20%) cases were positive for EGFR
mutations whereas EML4-ALK fusion gene was present in
8 (8.6%) out of 93 patients. The overall incidence of EGFR
and EML4-ALK fusion gene in the selected NSCLC subgroup
was 6.2% and 2.1%, respectively. The association of each of
the individual factor with regard to EGFR and EML4-ALK
fusion gene mutation is shown in Tables 5 and 6. While
demography, site of disease, and gender were significantly
associated with EGFR mutation (P < 0.05), the EML4-ALK

fusion gene mutation did not show significant association with
any of these factors.

Discussion

Being the leading cause of deaths worldwide, lung cancer is
being seen as a very dreadful disease with a poor response to
chemotherapy regimens.!!! It is estimated that by the year 2035,
lung cancer deaths will double both in men and women to
reach 3 million as compared to 1.6 million in the year 2012.™
The higher men-to-women ratio of 3.62:1 and median age of

Table 1: Summary of patient demographic and tumor
characteristics (n=421)

Characteristics n (%)

Age (years)

<40 13 (3.1)
40-60 166 (39.4)
>60 242 (57.5)
Median age, years (range) 62 (30-93)
Gender
Male 330 (78.4)
Female 91 (21.6)
Demography
Urban 338 (80.3)
Rural 83 (19.7)
Histology
Adenocarcinoma 223 (52.9)
Squamous cell carcinoma 98 (23.3)
Poorly differentiated 47 (11.2)
Adenosquamous carcinoma 9(2.2)
Small cell carcinoma 32 (7.6)
Large cell neuroendocrine carcinoma 12 (2.8)
Table 2: Site of biopsy (n=421)
Site n (%)
Lung 284 (67.5)
Bronchial mass 57 (13.5)
Pleural fluid 24 (5.7)
Cervical lymph node 21 (4.9)
Liver 7 (1.7
Bone 6 (1.4)
Brain 6 (1.4)
Mediastinal mass 4 (1.0)
Chest wall 2 (0.5)
Others 10 (2.4)

Table 3: Association of each of the individual factor vis-a-vis nonsmall cell lung cancer and small cell lung cancer

(n=421)
Variable Category NSCLC (n=388), n (%) SCLC (n=33), n (%) x P

Age (years) <40 13 (3.1) 0 2.0720 0.354
40-60 150 (35.6) 16 (3.8)
>60 225 (53.4) 17 (4.0)

Gender Male 298 (70.8) 32 (7.6) 7.2995 0.006*
Female 90 (21.4) 1(0.2)

Demography Urban 311 (73.9) 27 (6.4) 0.0531 0.817
Rural 77 (18.3) 6 (1.4)

Histology Adenocarcinoma 222 (52.7) 1(0.2) 407.2194 0.000%*
Squamous cell carcinoma 98 (23.3) 0
Poorly differentiated 47 (11.2) 0
Adenosquamous carcinoma 9 (2.1) 0
Small cell carcinoma 0 32 (7.6)
Large cell neuroendocrine carcinoma 12 (2.9) 0

*Significant value. NSCLC=Nonsmall cell lung cancer, SCLC=Small cell lung cancer
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62 years in our study confirm the previously reported male
dominance and the older age group of the disease in the less
developed WHO region. The predominance of adenocarcinoma
histology (52.9%) among NSCLC patient in our study is also
in line with the previously published reports.

A meta-analysis by a collaborative group has established
first-line platinum-based chemotherapy regimen as a standard of
care for NSCLC. Another meta-analysis reported a superiority
of irinotecan and carboplatin combination chemotherapy
in extensive disease SCLC as compared to etoposide and
cisplatin.*¥ However, treatment outcomes with various agents
remain poor both in SCLC as well as NSCLC.?-%! The
survival of patients has improved with the use of targeted
therapies in the treatment of NSCLC. It is estimated that
approximately 50%—60% of NSCLC patients harbor activated

Table 4: Results of molecular testing

Characteristics n (%)
EGFR mutations (n=120)
Positive 24 (20)
Wild type 96 (80)
EML4 ALK fusion gene (n=93)
Positive 8 (8.6)
Wild type 85 (91.4)

EGFR=Epidermal growth factor receptor, EML4 ALK=Echinoderm
microtubule-associated protein like 4-anaplastic lymphoma kinase

pathway with mutations in either KRAS gene, EGFR gene, or
the EML4-ALK fusion protein.*3% However, various genetic,
epigenetic, and phenotypic changes may affect the clinical
behaviors of the same stage tumors with varying outcomes
among patients.[!32]

Due to the genetic heterogeneity of lung cancer among
various ethnic populations, the importance of molecular
characterizations has gained momentum over the past decade.
The genetic heterogeneity has been reported not only across
different countries but also among different ethnic regions
within a country.[?33361 The incidence of EGFR mutation in
NSCLC has been reported higher (47%) for Asian population
as compared to their Caucasian (13%) counterparts.’” A
further higher incidence of EGFR mutation (23.2%-51.8%)
in Indian NSCLC patients has been reported by various
studies from India.l**-**] Various studies have confirmed that
these patients benefit from therapy with EGFR-tyrosine
kinase inhibitor (EGFR-TKI). A cumulative meta-analysis of
EGFR-TKI s as first-line therapy in metastatic NSCLC has
shown a significantly longer progression-free survival (PFS) in
patients receiving EGFR-TKI as compared to platinum-based
chemotherapy.®¥ Similarly, the incidence of ALK gene
rearrangement in NSCLC has been reported in the range of 3%
to 13% for Caucasian, East Asian, and Indian population.B6349
These patients are likely to benefit from crizotinib therapy.

Table 5: Association of each of the individual factor vis-a-vis epidermal growth factor receptor mutations (n=120)

Variable Category EGFR Va P
Mutated, n (%) Wild type, n (%)

Age (years) <40 2 (1.6) 3(2.5) 1.4433 0.485
40-60 9 (7.5) 34 (28.3)
>60 13 (10.8) 59 (49.1)

Gender Male 6 (5.0) 72 (60.0) 21.0989 0.0000*
Female 18 (15.0) 24 (20.0)

Demography Urban 24 (20.0) 79 (65.8) 49514 0.026*
Rural 0 17 (14.2)

Histology Adenocarcinoma 21 (17.5) 71 (59.2) 8.3967 0.210
Squamous cell carcinoma 0 8 (6.7)
Poorly differentiated 2 (1.6) 9 (7.5)
Adenosquamous carcinoma 0 3(2.5)
Small cell carcinoma 0 2 (1.7
Large cell neuroendocrine carcinoma 1 (0.8) 3 (2.5

*Significant value. EGFR=Epidermal growth factor receptor

Table 6: Association of each of the individual factor vis-a-vis echinoderm microtubule-associated protein like
4-anaplastic lymphoma kinase fusion gene mutations (7=93)

Variable Category EML4-ALK fusion gene mutations Ve P
Mutated, n (%) Wild type, n (%)

Age (years) <40 0 554 2.7192 0.256
40-60 554 29 (31.2)
>60 332 51 (54.8)

Gender Male 6 (6.5) 53 (57.0) 0.5042 0.477
Female 2 (2.2) 32 (34.4)

Demography Urban 6 (6.5) 76 (81.7) 1.4561 0.227
Rural 2 (2.2) 9 (9.7

Histology Adenocarcinoma 7 (7.5) 66 (71.0) 1.9044 0.928
Squamous cell carcinoma 0 6 (6.5)
Poorly differentiated 1 (L.1) 6 (6.5)
Adenosquamous carcinoma 0 2 (2.2)
Small cell carcinoma 0 1 (1.1)
Large cell neuroendocrine carcinoma 0 4 (4.3)

*Significant value. EML4 ALK= Echinoderm microtubule-associated protein like 4-anaplastic lymphoma kinase
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A meta-analysis on the efficacy and safety of crizotinib has
shown an extended survival (1-year overall survival of 66.8%
and PFS of 8.6 months) and improved response rates (61.2%)
in the treatment of ALK-positive NSCLC patients.*!

A 20% incidence of EGFR mutations in the selected population
along with an overall incidence of 6.2% in our study is
lower than the previously reported data on Indian and Asian
population. However, our study reports a significant association
between EGFR mutations vis-a-vis urban demography, female
gender dominance, and lung as the primary site of disease.
This observation is consistent with the previously published
reports of female gender dominance in EGFR mutations.343>3¢
The 8.6% incidence of EML4-ALK fusion gene mutations
in the selected population along with an overall incidence
of 2.1% in our study is well within the range of previously
published reports across different ethnicities.¢3%#!1 Contrary
to the previous reports, our study did not show any significant
association between the EML4-ALK fusion gene mutations and
the female or the younger age group.B

Conclusions

Our study reports the clinicopathological and molecular profile
of lung cancer patients at a tertiary care hospital in Northern
India. Being a retrospective study, it lacked the data on smoking
history, treatment outcome as well as overall survival. Since
majority of the lung cancers are caused by tobacco smoking,
cessation of smoking should be adopted as a strategy for
reducing the global prevalence of the disease. Our study confirms
the importance of molecular testing in the NSCLC patient
subgroup with an aim to identify the exact molecular targets
that can benefit from the newer generation of targeted therapies.
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