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Introduction

Worldwide lung cancer is the leading cause 
of cancer-related deaths (1.76 million deaths/year) which 
accounts for approximately 18% of cancer deaths (Sung 
et al., 2020). In India, malignant lung diseases account for 
5.9% of all cancer cases and 8.1% of all cancer-related 
deaths (Bray et al., 2018). The number of new lung cancer 
cases in India is predicted to rise to more than 100,000 
by the year 2025 (Nath et al., 2022). In recent years, an 
accurate diagnosis with precise histology sub-typing, 
identification of gene mutations and molecular status of 
lung tumours facilities is possible to administer targeted 
therapy for better clinical outcome (Shim et al., 2017).

A germline mutation in the gene encoding epidermal 
growth factor receptor (EGFR) makes a person more 
susceptible to lung malignancies (Alexandrov et al., 
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2016). It occurs in approximately 20% to 30% of all lung 
adenocarcinoma, especially non-small cell lung cancer 
(NSCLC), which accounts for more than 80% of all lung 
malignancies (Schabath et al., 2019). EGFR mutation 
testing is considered useful predictive marker for better 
management with targeted tyrosine kinase inhibitors (Lee 
et al., 2015; Omar et al., 2022; Sukauichai et al., 2022) 
though few studies reported acquisition of EGFR-TKIs 
resistance and thus suggesting resistance mutation testing 
for  improved treatment (Lee et al., 2021).

Programmed cell death protein-1 (PD-1) is an 
immune-inhibitory receptor that interacts with a ligand, 
programmed death ligand-1 (PD-L1), expressed on 
antigen-presenting cells and other immune cells (Han et 
al., 2020). The PD-1/ PD-L1 interaction is an important 
immune checkpoint that has been associated with adaptive 
immune resistance to various malignancies. In NSCLC, 
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the expression of PD-L1 is increased, leading to immune 
evasion of tumour cells (Wei et al., 2018). PD-L1 is, 
therefore, a key predictive biomarker for anti PD-1/ PD-
L1 treatment of NSCLC. However, studies from various 
settings offered conflicting findings for the predictive role 
of PD-L1 status and its relationship with tumour EGFR 
status (Inamura et al., 2016; Rangachari et al., 2017; Song 
et al., 2016). 

Studies have describes the clinico-pathology 
characteristics of lung malignancies from various parts 
of India (Vasudevan et al.,2022; Nath et al., 2022; Bhopal 
et al., 2019; Shanmugapriya Shankar et al., 2014; Malik, 
2013), but limited data is available on the clinical, 
pathology features and the types of mutation in lung 
malignancies from Central India. 

We thus aim to determine the frequency of EGFR 
mutation and PD-L1 status of lung malignancies in 
patients attending a rural teaching hospital in Central 
India and describe their clinico-pathological characters.

Materials and Methods

Histologically diagnosed cases of lung malignancies 
on bronchoscopy/trucut biopsies between January 2012 
and July 2018 were identified from the Department 
of Pathology, Ruxmaniben Deepchand Gardi Medical 
College, Ujjain, India. Formalin-fixed, paraffin-embedded 
tissue blocks were retreived and hematoxylin and eosin 
(H&E)-stained histological slides were prepared. Detailed 
clinical, pathologic, and imaging features, including 
tumour location and size, enlarged regional lymph nodes 
on CT /MRI, histologic subtype, and tumour grade, were 
recorded in a prepared data collection format for each 
patient from either the histology form or the patient’s 
medical record. Any paraffin-embedded tissue blocks with 
very small remaining tissue were excluded from the study.

The histology slides were reviewed for histologic 
features, subtype, and tumour grade according to the World 
Health Organization classification system for lung tumours 
(Travis et al., 2015). Three to four consecutive 3μm-thick 
sections were prepared on especially loaded glass slides 
(DakoCytomation Denmark A/s, Glostrup, Denmark) 
for immunohistochemical staining and two to three 5 
μm-thick sections were collected in 1.5 ml Eppendorf 
tubes for DNA extraction for the PCR procedure. For 
quality control, the cutting blade was cleaned between 
taking the samples.

The study was approved by the Institutional Review 
Board and the Institutional Ethics Committee. All 
experiments were performed in accordance with the 
relevant guidelines and regulations.

Polymerase Chain Reaction Assay
Mutations were examined in exons 19-21 of the 

EGFR gene from the paraffin-embedded tissue blocks 
sections. DNA extraction was performed using the D 3396 
E.Z.N.A. Tissue DNA Kit (Omega Bio-tek, Inc. NorCross, 
GA, USA). Primers for the delE746-A750 mutation in 
exon 19 and a point mutation-specific primer for the 
L858R mutation in exon 21 of EGFR were used with 
the following sequence sets for delE746-A750: forward 

5’-CACAATTGCCAGTTAACGTCTTC-3’ (19DF) 
and reverse 5’-TGTTGGCTTTCGAGATGTTTG-3’ 
(19DR3). The forward sequence for L858R was 
5’-TCCCATGATGATCTGTCCCT-3’ (21F2f) and the 
reverse sequence was CACCCAGCAGTTTGGTCC-3’ 
(21ARMS3). Reaction mix contained 2 μl 10X PCR 
buffer, 0.5 μl dNTPs, 1 μl each of allele-specific primer (10 
μM), 0.2 μl AmpliTaq® Gold DNA Polymerase (Applied 
Biosystems), 1 μl template DNA, and 14.3 μl dd H2O in 
a total volume of 20 μl. PCR conditions were: 1 cycle at 
94°C for 3 min followed by 35 cycles at 94°C for 1 min, at 
59°C for 1 min, and at 72°C for 2 min and the final cycle 
at 72°C for 5 min for the delE746-A750 mutation and 1 
cycle at 94°C for 3 min followed by 35 cycles at 94°C 
for 1 min, at 64°C for 1 min and at 72°C for 2 min and 
the final cycle at 72°C for 5 min for the L858R mutation. 
The PCR products were then visualized by electrophoresis 
on an agarose gel stained with ethidium bromide (2%) 
along with a 100bp DNA ladder to measure the size of 
the PCR product and viewed under ultraviolet light. The 
presence of an 113bp PCR product indicates that mutations 
are present in exon 19; similarly, a 166bp PCR product 
indicates mutations in exon 21. A known positive control 
and a negative control were included in the procedure for 
the quality of the procedure.

Immunohistochemistry
After de-paraffinization, paraffin-embedded tissue 

sections were hydrated with graded alcohols, washed in 
PBS, and treated with a blocker (endogenous peroxidase 
activity with 3% aqueous H2O2 solution) for 10 minutes. 
The sections were then incubated overnight in a 
humidified chamber at 40°C with a rabbit monoclonal 
antihuman antibody PD -L1 (Abcam, clone ZR3, UK) at 
a dilution of 1:200 of the primary antibody. After washing 
three times with phosphate-buffered saline, they were 
incubated with a general IgG-HRP polymer for one hour, 
followed by 3,3’-diaminobenzidine tetrahydrochloride 
for approximately 5 minutes. The sections were then 
counterstained with haematoxylin for one minute and then 
dehydrated in graded alcohols, clarified in xylene, and 
covered with a cover slip. The sections were washed three 
times with buffered saline between each step. Antibodies 
used for immunohistochemistry were -anti-human PD 
-L1 (clone E1L3N, Cell Signalling Technology, Danvers, 
MA, diluted 1 : 200).

Immunohistochemistry positivity and scoring
PD-L1 expression was assessed on each slide 

independently by two pathologists. Results were semi-
quantified based on the intensity and proportion of tumour 
cells that exhibited membranous or cytoplasmic brownish-
yellow staining. The proportion of stained cells was 
estimated in five randomly selected high-magnification 
fields of view (400×) of the sections, and the intensity 
of staining was recorded as: no staining =0, light yellow 
weak membrane staining =1, brownish yellow =2, and 
dark brown linear membrane staining =3. The intensity 
of staining was categorized as high (2-3) or low (0-1). 
Five percent of positive cells with a score of 2-3 were 
classified as positive.
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symptoms had been recorded for 15 days to 3 months. 
Computed tomography of the chest showed various lesions 
either alone or in combinations as mass on the right side 
of the lung (80%), pleural effusion (26.4%), consolidation 
(9.1%), pulmonary collapse (14.9%), or hilar protrusion 
(9.1%).

Histology, EGFR mutation, and PD-L1 expression
Table 1 shows the types of lesions detected by histology 

classification. The two main histological types were (i) 
NSCLC (n=83/87, 95.4%), including adenocarcinoma 
(n = 40/87, 48.1%), squamous cell carcinomas (n = 42/87, 
50.6%), and large cell carcinomas (n=1/87, 1.2%), 
and (ii) SCLC (n=4/87, 4.6%). Histology type differed 
significantly (p=0.04) between men and women. Men were 
more frequently diagnosed with squamous cell carcinoma, 
while women were more frequently diagnosed with 
adenocarcinoma. No significant differences were found 
between the different histology types in terms of clinical 
symptoms. Biopsy revealed TNM stage I in 52.8% cases, 
Stage II in 32% in and stage III in 15% cases. Squamous 
cell carcinoma patients more commonly presented with 
stage III and IV as compared with adenocarcinoma 
patients (p < 0.01).

EGFR mutation and PD-L1 expression were assessed 
in all biopsies. Mutations in exon 19 and exon 21 of the 
EGFR gene were detected in 7/87 (8%) cases, and all 
of these (17.5%, 7/40) biopsies had adenocarcinoma 
alterations. EGFR gene mutations were more common 
in non-smokers. High expression (≥ 5% of tumour cells) 
of PD-L1 was revealed in 17.2% (15/87) biopsies while 
35.7% (31/87) biopsies showed low expression (< 5% of 
tumour cells) and 47.1% (41/87) biopsies had no PD-L1 
expression. No obvious statistical significance was found 
between PD-L1 expression and gender, age group, and 
EGFR mutation status. However, adenocarcinoma patients 
(p=0.04), smokers (p=0.00), and stage II and III patients 

Statistical analysis
Collected data were entered into Microsoft Excel 

2010 (Microsoft Corporation, USA) and analyzed using 
the statistical software package Statistical Package for the 
Social Sciences (SPSS) version 21 (SPSS-Inc., Chicago, 
IL). Categorical variables were expressed as frequencies 
and percentages. The Pearson chi-square test was used 
to assess the association between different parameters, 
EGFR mutation status, or PD -L1. A p value of <0.05 
was considered significant.

Results

A total of 99 bronchoscopic/trucified lung biopsies 
with a diagnosis of lung malignancy were identified, and 
tissue blocks and slides were obtained. Twelve patients 
were excluded because the biopsy material remaining on 
the tissue blocks was insufficient for further investigation. 
Eighty-seven cases were finally included in the further 
analysis and experiments (Figure 1).

Clinical characteristics
The clinical characteristics of the patients are 

summarized in Table 1. The mean age at the diagnosis 
was 63 years (with a range of 38 to 80 years). Most 
cases (52.7%) were in the 5th and 6th decades of life, 
with a male predominance (n=70/87, 80.4%) and a 
male-to-female ratio of 4.1:1. The majority (58.6%) of 
patients were farmers and 80% of patients were from 
rural areas. 50.5% of patients were current smokers, while 
28.7% of patients were ex-smokers.

Patients presented with symptoms of cough (n=70/87, 
80.4%), chest pain (n=62, 71.2%), dyspnoea (n=69, 
79.3%), and haemoptysis (n=21, 24.2%). Other clinical 
systemic symptoms such as fever (23%), weight loss 
(17.2%), vomiting (16%), and hoarseness (9%) were also 
observed in combination with pulmonary symptoms. Most 

Figure 1. PCR Characterization of EGFR Mutation in Lung Carcinoma. NC, negative control; PC, positive control; 
bp, base pair; 19 DR3, exon 19 mutation; 21 F2F, exon 21 mutation
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(p= 0.00) had significantly higher PD-L1 expression 
(Table 2).

Discussion

Various studies around the world show PD-L1 as a 
biomarker to predict checkpoint inhibitor immunotherapy, 
which has revolutionized the treatment strategy in 
oncology (Xu et al., 2019). Detection of PD-L1 in lung 
tumours can predict good response to immunotherapy, 
which has much lower toxicity compared to chemotherapy 
(Xu et al., 2019). We detected PD-L1 expression and 
EGFR mutation status in lung malignancies in a rural 
hospital in Central India. We found EGFR mutation in 8% 

Characteristics N (%)
Age
     <40 years 6 (6.8)
     40-60 year 46 (52.8)
     >60 year 35 (40)
Mean Age 63 year
Age Range 38-80year
Gender
     Male 70 (80.4)
     Female 17 (19.5)
Ratio 4.1:1
Smoking Ratio
     Never smoker 18 (20.6)
     Current smoker 44 (50.5)
     Ex-smoker 25 (28.7)
Occupation
     Farmer 51 (58.6)
     Laborer 15 (17.2)
     Cotton mill worker 10 (11.4)
     Housewife 07 (8.04)
     Other 04 (4.59)
Associated Disease
     Diabetes Mellitus 19 (21.8)
     Hypertension 15 (17.2)
     COPD 12 (13.7)
     PTB 15 (17.2)
     Other 4 (4.5)
     None 22 (25.2)
Symptom
     Cough 70 (80.4)
     Chest Pain 62 (71.2)
     Dyspnoea 69 (79.3)
     Hemoptysis 21 (24.2)
     Decreased Appetite 54 (62)
     Fever 20 (22.9)
     Weight loss 15 (17.2)
     Vomiting 14 (16)
     Hoarseness of voice 08 (9.1)
CT scan finding
     Consolidation         08 (9.1)
     Collapse 13 (14.9)
     Mass 77 (88.5)
     Pleural effusion                   23 (26.4)
     Hilar Prominence 08 (9.1)
Histology Type*
     Adenocarcinoma 40 (48.1)
     Squamous cell carcinoma 42 (50.6)
     Large cell carcinoma 1 (1.2)
     Small cell carcinoma 4 (4.6)

Table 1. Baseline Characteristics of Lung Carcinoma 
Patients Studied (N=87) Characteristics N (%)

TNM staging*
     Stage I 46 (52.8)
     Stage II 28 (32.1)
     Stage III 13 (14.9)

Table 1. Continued

Characteristics PD-L1 expression 
(N=87)

p- 
value

Positive
n=46

Negative 
n=41

Gender
   Male 38 32 0.59
   Female 8 9
Age group
   18-40 3 3 0.7
   41-60 24 22
   61-80 15 20
Smoking Habit
   Current Smokers 31 23 0
   Ex-smokers 3 17
   Non-smokers 12 1
Histology
   Adenocarcinoma 16 24 0.02
   Squamous cell carcinoma 29 13
   Large cell carcinoma 0 1
   Small cell carcinoma 1 3
TNM* Staging
   Stage I 10 36 0
   Stage II 23 5
   Satge III 13 0
EGFR expression status
   Positive 6 1 0.11
   Negative 40 40

*TNM, tumour, node, metatstsis 

*TNM, tumour, node, metatstsis 

Table 2. Association between Clinical Features of Lung 
Carcinoma Patients and PD-L1 Expression in Their 
Biopsies
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of NSCLC patients and PD-L1 expression was detected in 
52.8% (46/87) patient samples by immunohistochemistry 
using 22C3 PD -L1 assay.

In our study, > 80% of the patients were male 
(male:female ratio 4.1:1) with an age range of 36-80 
years (mean age 63 years) as also observed in most of 
the studies from India (Vasudevan et al.,2022; Nath et al., 
2022). Although tobacco smoking (50% current smokers) 
is considered as a major risk factor for lung malignancies, 
the prevalence (10-30%) of lung malignancies are now 
increasing among non-smokers as well (Ou, 2013) 
which could be because of exposure to environmental 
carcinogens as dust, insecticides, indoor smoke or cooking 
smoke from Chullas in Indian settings (Vasudevan et al., 
2022). Cough (80%) is reported as the most common 
symptom but other systemic symptoms as fever (22.9%) 
and weight loss (17.2%) of unknown cause should also 
be methodically investigated to rule out any pulmonary 
malignancies (Malik et al., 2013).

We found 95.4% cases are of NSCLC types with 
almost as many adenocarcinoma (48.1%) as squamous 
cell carcinomas (50.6%), suggesting that the trend in 
India is changing from the predominant squamous cell 
carcinoma to more adenocarcinoma as in the Western 
world (Alberg et al., 2013; Shanmugapriyaetal, 2014). 
The precise histology subtype of lung tumours has a 
significant impact on patient management, as it has 
implications for selection of appropriate molecular tests 
for planning targeted therapy such as EGFR mutations 
are associated with adenocarcinoma (Neumann et al., 
2022). EGFR tyrosine kinase inhibitors (TKIs), a therapy 
for patients with EGFR-mutated tumours, have shown 
reduced toxicity and improved prognosis compared with 
conventional chemotherapy, so therapy modulation based 
on genetic alterations has increased the importance of 
appropriate tumour classification.

Studies show that the most common mutation in 
NSCLC is in the EGFR gene at exon 19-21 (Tseng et al., 
2017) Almost 90% of all EGFR mutations are deletions in 
exon 19 (E19 dels) or a leucine-to-arginine substitution in 
E21 (Li et al., 2008). The frequency of EGFR mutations 
varies between 6.25 and 80% of cases depending on 
ethnicity (Kawaguci et al., 2010; Kimura et al., 2006; 
Chougule  et al., 2013; Omar et al., 2022). We found 
an EGFR mutation in 8% (7/87) of cases. All of these 
cases were female and non-smokers. It is known that 
EGFR gene mutations are more common in non-smokers 
(Bhopal, 2013). However, in our study, many patients 
were smokers (50.5%) or former smokers (28.7%), which 
could be the reason for the low incidence of mutations 
in our samples. Secondly, >80% of our cases were male 
showing squamous cell carcinoma lesions while EGFR 
mutations are mainly seen in adenocarcinoma. Choughule 
A et al., 2013 observed no significant difference in the 
incidence of EGFR mutations in different locations in 
India, although their study included few patients from 
central India (Chougule et al., 2013).While detection of 
gene mutations is useful for therapeutic and prognostic 
purposes, low sensitivity of EGFR mutation detection, 
as in our study, suggests a combination of genes or gene 
panels should be tested for the development of targeted 

therapies.
Expression of PD-L1 in tumour cells is a biomarker 

for predicting immunotherapy (Xu et al., 2019). It is 
well documented that PD -L1 expressed on tumour cells 
would promote immune tolerance of tumours (Rangachari 
et al., 2017; Yang et al., 2014). We found that PD-L1 
expression level was significantly higher in squamous cell 
carcinomas (p=0.02) than in adenocarcinoma and higher 
grade tumours (p=0.00) (Jiang et al., 2017). This could 
be because of the reason that more number of squamous 
cell carcinoma patients carried stage III and IV (p< 0.001) 
lesions as compared to adenocarcinoma, and likewise, 
expression of PD-L1 is significantly associated (p=0.00) 
with smokers who have a high likelihood of having again 
squamous cell carcinoma. Over-expression of PD-L1 by 
tumour cells correlates with a worse prognosis. However, 
some studies have shown that although higher PD-L1 
expression level correlates with squamous cell carcinoma, 
but not with its disease stage. In adenocarcinoma, PD-L1 
expression showed higher expression in the poorly 
differentiated histology variant (Jiang et al., 2017; 
Pawelczyk et al., 2019).

In our study no obvious relation could be delineated 
for PDL-1 expression in EGFR-mutated tumours. Some 
studies showed that EGFR-mutated tumours showed 
high expression of PD-L1 than in tumours without 
EGFR mutations (Song et al., 2016). This result is in 
contradiction with some previous studies (Malik et 
al., 2013). There are limited and controversial data on 
PD-L1 expression in EGFR-mutated lung adenocarcinoma 
(Inamura et al., 2016; Rangachari et al., 2017; Yang et al., 
2014; Song et al., 2016; Pawelczyk et al., 2019). Studies 
have shown that PD-L1 expression with a threshold of 
1% and 50% positivity was significantly higher in patients 
with EGFR wild type than in patients with EGFR mutants 
(Song, 2019), while others have found higher expression in 
tumours with EGFR mutants tumours (Song et al., 2016) 
and Yang et al found no association of PD-L1 expression 
with EGFR mutation (Yang et al., 2014).

Our study have few limitations. We took retrospective 
cases and information from archival tissues and patient 
charts, so complete information might be missing for some 
cases. Being hospital based study most of the patients were 
in advanced stage of the disease. In addition, we do not 
have complete data on patients’ treatment and outcomes. 
We tested few mutations and only EGFR, which leads to 
the possible inclusion of patients with other mutations 
(KRAS, TP53, ROS1, STK11, etc.) that may affect PD-L1 
expression. The number of cases and mutations detected 
was undersized and could lead to bias in the analysis. 
Despite these limitations, we, for the first time, evaluated 
the PD-L1 expression and EGFR mutations status in 
various histology types of lung malignancies patients 
from central India.

In conclusion, the study revealed that in our region 
adenocarcinoma of the lung is as common as squamous 
cell carcinoma. EGFR gene mutations at exon 19 or 21 are 
seen in adenocarcinoma cases. PD-L1 expression was seen 
in wild-type EGFR biopsies but there was no correlation 
between PD-L1 expression and EGFR mutation. Our 
results should be further validated with large sample size 
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and multicenter clinical data before extrapolation.
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