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Background: Lung cancer is one of the most common malignancies in the world. About 80–85% of lung 
cancers are non-small cell lung cancer (NSCLC) patients. The development of therapeutic agents 

targeting products of epidermal growth factor receptor (EGFR) gene mutation and anaplastic lymphoma kinase (ALK) 
rearrangements has signicantly improved survival in patients with non-small cell lung cancer (NSCLC). Thus, the patients 
eligible for the treatment should be selected through appropriate molecular tests.  To ascertain the Aims and Objective:
prevalence of lung carcinoma cases, their histological types and the mutations present , in a tertiary care hospital , over a 
period of 1 year.  All cases diagnosed as Non small cell Lung carcinoma on histopathology. Inclusion criteria: Exclusion 
criteria:  Methodology: All cases diagnosed as non-malignant on histopathology.  A prospective study was carried out among 
228 patients presenting to pulmonology OPD, in a tertiary care hospital. Radiology, Histopathology, Immunohistochemistry 
and molecular study by PCR technique were used in this study.  Out of 138 cases of NSCLC on histopathology, 78  Result:
cases(56.7%) were reported as Squamous cell carcinoma,46 cases (33.3%)as Adenocarcinoma and 14 cases (10.1%)as Non 
small cell lung carcinoma, NOS. IHC was used for categorization of NSCLC,NOS cases which resulted in 4 as Adenocarcinoma 
and 10 as squamous cell carcinoma. EGFR deletion mutation 19 was the predominant mutation in Adenocarcinoma. ROS1 
mutation was found in approximately 2.2% NSCLC patients.  Molecular study for genetic analysis has improved Conclusion:
the scope for targeted therapy in Non small cell carcinoma patients, thereby reducing mortality and morbidity in cases of lung 
carcinoma.
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INTRODUCTION:
Lung cancer is the most common cause of cancer death, with 

1approximately 1.4 million deaths worldwide annually.  Owing 
to the absence of clinical symptoms and effective screening 
programs, most of the patients have advanced stages or 

1metastatic disease at the time of presentation.  Deaths in the 
USA attributable to lung cancer are more than the next three 

2most common cancers combined. WHO classies Non-small-
cell lung cancer (NSCLC), as adeno carcinoma, squamous 
cell carcinoma and large-cell carcinoma subtypes –adeno 

2,3squamous, sarcomatoid carcinoma. In the past we have seen 
increased rate of lung carcinoma among the male population 

3predominantly the smokers. It is well known that smoke 
exposure can lead to well-characterized series of 
morphological changes of the bronchial epithelium 
progressing from basal cell hyperplasia to metaplasia, severe 

3dysplasia to carcinoma in situ and, nally, frank carcinoma.  
This series of changes is primarily associated with the 
squamous sub-type of NSCLC.  At present Non-small-cell lung 
cancer (NSCLC) accounts for more than 85% of lung cancers 
in western countries, with 20–30% of NSCLC occurring in 

4never smokers.  

This nding has coincided with the discovery that a proportion 
of lung cancers occurring in never or light smokers, are driven 
by oncogenic mutations which, when selectively inhibited, can 

5lead to dramatic tumor regression and prolonged survival.  
Hence targeted therapies for genes such as EGFR, ALK and 
KRAS have become the hotspot of attention and study in lung 
cancer treatment for the last 10 years. In the past these two 
molecular alterations have been viewed as mutually 
exclusive, but recent cases of lung cancer with concurrent 

EGFR mutation and ALK rearrangement have been 
5,6identied.  Clinical guidelines have now incorporated 

6molecular testing and the use of drugs targeting those genes.
In this paper our aim was to study the distribution of the 
various histological subtypes of Non small cell Lung 
carcinoma and spectrum of mutations in non small cell lung 
carcinoma cases and its use for targeted therapy and better 
prognosis.

MATERIAL AND METHODS:
Place of study: IPGMER & SSKM Hospital, Kolkata, West 
Bengal, India.
 
Period of study: 1 year (From February 2022 to February 2023).

Type of study: Prospective study.

Inclusion criteria: All cases diagnosed as Non small cell Lung 
carcinoma on histopathology.

Exclusion criteria: All cases diagnosed as non malignant on 
histopathology.

Method of study: We have done a correlation study based on 
the observations from radiological, histopathological and 
molecular study ndings of patients reported as Lung 
carcinoma on biopsy

No statistical analytical methods were used in the study

Procedures opted: Chest X-ray and Contrast enhanced 
computed tomography (CECT) of lung followed by CT guided 
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Trucut biopsy of lung lesions. Prior to the biopsy patients' 
complete hematological prole including coagulation prole 
(PT/INR) was obtained. Immunohistochemistry (IHC) was 
done for those cases where categorization of the carcinoma 
was not possible on histopathological examination alone. 

Molecular  s tudy by ARMS PCR (AMPLIFICATION 
RESTRICTED POLYMERASE CHAIN REACTION) technique 
using the parafn blocks and fresh tissue was carried out in all 
the cases of lung carcinoma (detected on histopathology), to 
detect EGFR mutations. 

ALK and ROS1 muta t ion  s tudy  was  done  us ing 
Immunohistochemistry.

RESULTS:
Among 228 cases of lung lesions studied,156 cases were 
reported as Lung carcinoma of which Non small cell was 138 
cases(88.5%) and smal l  cel l  carc inoma were 18 
cases(13.05%) (Table 1).

Predominant clinical presentation among the patients was 
cough, chest pain and breathlessness. 

Among 228 patients, male patients were predominant (82.5%) 
with average age ranging from 46 to 74 yrs. Average age 
among females ranged from 52 to 67 years.

On histopathological examination alone 78 cases (56.7%) 
were reported as Squamous cell carcinoma, 46 cases (33.3%) 
as Adenocarcinoma and 14 cases (10.1%) as NSCLC-NOS. 
IHC was used for categorization of NSCLC-NOS cases which 
resulted in 4 as Adenocarcinoma and 10 as squamous cell 
carcinoma (Table 2). 

Male predominance was seen in all cases of NSCLC (3:1 in 
squamous cell carcinoma and 2.6:1 in Adenocarcinoma 
cases) (Table 3).

Average age ranged from 63-65 yrs in males and 47-55 yrs in 
females. Middle aged females with no smoking habit showed 
increased incidence of Adenocarcinoma. 

140 patients out of 156 had a history of smoking for minimum 
of 11 yrs. (table 4)

Molecular study using PCR technique was carried out in 134 
cases of NSCLC, for detection of EGFR mutation. Out of 50 
cases diagnosed as Adenocarcinoma, 12 cases (24.0%) 
showed EGFR deletion mutation of exon 19 and 4 cases (8.0%) 
showed EGFR deletion mutation of exon 21. 4 cases of 
morphologically diagnosed squamous cell carcinoma 
showed EGFR deletion mutation of exon 19 .(table 5)

On Histopathological examination Squamous cell carcinoma 
showed large islands, broad sheets and inltrating nests of 
pleomorphic squamoid cells having large round to oval hyper 
chromatic nucleus and moderate amount of cytoplasm(Fig1)

Histology showing poorly differentiated malignant cells in 
large aggregates and sheets was diagnosed as Non small 
cell lung carcinoma, NOS (Fig2)

Cases diagnosed as Adenocarcinoma shows histological 
features of malignant epithelial cells arranged in glands, 
tubules and inltrating cords (Fig 3)

ALK was positive in 4 cases of adenocarcinoma and 7 cases of 
squamous cell carcinoma.ROS1 mutation was positive in 2 
cases of Adenocarcinoma and 1 case of Squamous cell 
carcinoma.(Fig4) Immuhistochemistry for TTF1 and Napsin A 
was positive in Adenocarcinoma cases (Fig 5)

P63 and P40 IHC markers were positive in cases of Squamous 
cell carcinoma (Fig 6)

On follow up the patients were started on targeted therapy 
with favorable prognosis.

Table 1: Distribution Of Lung Lesions.

Table 2: Distribution of NSCLC.

Table 3: Sex distribution of NSCLC

Table-4: Smoker vs Non smoker in Lung carcinoma (n=156)

Table 5: Molecular analysis of NSCLC. 

DISCUSSION:
The molecular basis of lung cancer is complex and 
heterogeneous. The molecular changes (genetic, epigenetic, 
protein expression) and the improvements in the 
understanding of the functional expressiveness of these 
changes have potential effects on the diagnosis, prognosis 

7and treatment of lung cancer. EGFR mutations in NSCLC are 
seen in the intra cellular tyrosine kinase domain. Deletion of 
exon 19 is the most common followed by missense mutations, 
exon 21, a single nucleotide point mutation leading to a single 

5,7amino acid change from leucine to arginine at codon 858.  
Ture et al in their study of 132 patients of NSCLC found 30.3% 
(19) cases of lung carcinoma had EGFR exon 19 mutation. 
Eighteen of these cases were Histologically diagnosed as 

6 Adenocarinoma. Marino et al found EGFR mutation in 32.7% 
3cases (336/977) of lung carcinoma in a Chinese population.  In 

our present study we found EGFR mutation in 32% cases 
(16/50) out of which exon 19 mutation was 24%(12/50) and 
exon 21 mutation was 8.0% (4/50). Sweis et al in their 
retrospective study of 20 cases of non-small cell lung 
carcinoma found the disease control rates in patients treated 

4with EGFR inhibitors was 46%(6/13).  Wang et al in their study 
of 300 cases of NSCLC found ALK rearrangement mutation in 

84.33% cases of Adenocarcinoma (13/300).  In our study ALK 
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Histology (n=228) Cases
Small cell carcinoma 18
Squamous cell carcinoma 78
Adenocarcinoma 46
Non small cell Ca(non differentiated) 14
Others(SFT, TB, NHL, METS,  Pneumocyte 
hyperplasia, germ cell tumor)

60

Inconclusive 12

NON SMALL CELL 
CARCINOMA
(n=138)

HISTOPATHOLOGY IHC( TTF1, 
NAPSIN,P40,P63)

Adenocarcinoma 
(n=50)

46

Squamous cell 
carcinoma (n=88)

78

NSCLC-NOS 14 Adenocarcinom
a- 04
Squamous cell 
carcinoma- 10

SEX DISTRIBUTION IN 
NSCLC(n=138)

Adenocarcinoma Squamous 
Cell CA

Male 36 66
Female 14 22

Distribution of smokers Males Females
Smoker 100 40
Non smoker 02 14

HISTOLOGY EGFR exon 
19

EGFR 
exon 21

ALK ROS1

Adenocarcinoma 
(n=50)

12 04 3 2

Squamous cell 
carcinoma (n=88)

04 03 4 1
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mutation was found to be positive in 5.2% (7/134) cases.

Won et el in their study screened 1458 patients, out of which 91 
patients were selected for molecular study by direct 
sequencing FISH method. EGFR and ALK mutations were 
found to be 42.4% and 6.3% respectively. Concomitant 

9mutations were found in 4.4%(4 cases) . Lee T et al in their 
study found that 12 out of 6637 patients had concomitant 

10 mutations. In our study none of the cases showed a 
concomitant mutation. 

Concomitant genetic alteration of NSCLC is unusual because 
EGFR, KRAS, and ALK mutations are widely known as 
mutually exclusive. Most are associated with acquired 
mutation after targeted therapy and are related to drug 

10resistance.

In a meta-analysis of 146 scientic articles ROS1 mutation 
was found in 1-2% of patients with NSCLC with 11 different 

11fusion partners were isolated .Our study demonstrated 
incidence of 2.2% of ROS1 mutation positive NSCLC. We of 
course we did not go for fusion partner's study.

Wang et al in their study found the distribution to be squamous 
cell carcinoma 239 cases (79.67%), adenocarcinoma 36 cases 

8(12%) and adeno-squamous carcinoma 10 cases(3.33%).  In 
our study the distribution of non-small cell carcinoma was 
found to be Adenocarcinoma 36.23% (50/138) and squamous 
cell carcinoma 63.7% (88/100). Ture et al and Wang et al in 
their study found male population predominant in lung 
carcinoma, 74.2% (98/132)  and 59.33% (178/300) 

6,8respectively. In our study we also found 72.7% patients of 
lung carcinoma were males with an average age of 63.2 yrs.

CONCLUSION:
Histomorphological examination and Immunohistochemistry 
are essential for denite diagnosis of non-small cell lung 
carcinoma. EGFR mutation, single and concomitant with ALK 
mutation is the most common genetic alteration seen in 
patients diagnosed as Adenocarcinoma among Non-small 
cell carcinoma cases. Males with smoking history with more 
than ten years are at risk for developing lung carcinoma. The 
detection of EGFR, ALK and ROS1 mutation has widespread 
therapeutic implications.

Patients with EGFR mutation positive NSCLC were subjected 
to EXON18, 19, 20 and 21 mutations. Those who were positive 
for EXON20 mutations were subjected to platinum doublet 
therapy. If these subset of patients despite therapy show 
evidence of clinical or radiological progression. They were 
added Docetaxel to their therapeutic regimen. In spite of that if 
they show clinical or radiological progression, they were 
considered for PDL1 testing. Positive patients were stared on 
PDL1  inh ib i to rs  (N ivo lumab,  Pembro l i zumab or 
Atezolizumab) or they are subjected to clinical trials. 

Those who were PDL1 negative were initially planned for 
allocation to clinical trials or may be given a test therapy of 
PDL1 inhibitors. The subset of patients who were positive for 
EXON 18, 19 and 21 mutations are subjected to rst generation 
(Geftinib/Erlotinib) or second generation (Afatinib) EGFR 
tyrosine kinase inhibitors. 

If they clinical or radiological progression were subjected to 
T790M testing. Those who are T790M positive were subjected 
to third generation EGFR TKI (Osimertinib). Negative patients 
were again allocated to platinum doublet therapy group. 

Even after starting third generation TKI if there is clinical or 
radiological progression they are given a trial of platinum 
doublet therapy. This protocol is followed in our Institute and 
patients are routinely followed up.
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