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Abstract:

Accurate subtyping of lung carcinomas requires the use of immunohistochemistry along with
histopathology in small biopsies. This forms the basis of targeted therapies. In this study, we
classified lung biopsies morphologically and immunohistochemical. Materials and methods: All
lung biopsies received in 10 % NBF from January 2017 to May 2022 in the Department of
Pathology, School of Medicine and Research, Sharda University, Greater Noida were studied.
Histological diagnosis was rendered on H&E. The doubtful cases were subjected to IHC p63, TTF-
1, and chromogranin with positive controls. Results: The age of patients ranged from 32 to 82
years with male predilection. The most common symptom was cough (27.3 %), followed by
hemoptysis, dyspnoea, and chest pain. Out of forty cases of lung carcinomas 20 cases of NSCLC
(out of which 13 were of AC and 7 were SCC). Eight cases of small cell carcinoma. Twelve cases
were of poorly differentiated carcinomas. Twelve cases of poorly differentiated carcinoma were
subjected to immunohistochemistry (TTF-1, p63 and chromogranin). TTF-1 positive 5 cases were
further classified as AC, p63 positive 3 cases as SCC and 3 cases expressed chromogranin A
positivity as small cell lung carcinoma. One case did not express positivity for any
immunohistochemical marker and was labelled as undifferentiated carcinoma. Conclusion: The
present study gives the glimpse of the histological subtypes of lung carcinoma in the Delhi-NCR
region over the period of past 5 years diagnosed on histomorphology and immunohistochemistry.

Keywords: Lung Carcinoma, Immunohistochemistry, Squamous Cell Carcinoma,
Adenocarcinoma, Small Cell
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Introduction: Lung carcinomas are a leading cause of morbidity and mortality worldwide, claiming

more lives than any other cancer.[1] There are 1.61 million newly diagnosed cases of lung carcinoma each
year and 1.38 million deaths worldwide. Each year, roughly 63,000 new cases of lung cancer are recorded in

India itself. [2]

Lung carcinomas are classified into two broad categories on the basis of morphology- small cell
lung cancer (SCLC) and non-small cell lung cancer (NSCLC). NSCLC constitutes upto 85%

of lung malignancies, with adenocarcinoma, the most frequent subtype.[?’] Lung carcinoma
is mainly classified on morphology on conventional hematoxylin and eosin stain. The tumors
with diffuse sheets of small round cells with salt and pepper chromatin are classified as
small cell carcinoma of lung. The keratinization of cells and/or intercellular-bridges hint towards
the diagnosis of squamous cell carcinoma (SCC) while the glandular differentiation and/or
mucin production points to adenocarcinoma (AC). Carcinomas with absence of both
keratinization as well as glandular elements are placed morphologically under the category of
poorly differentiated carcinomas.

Adenocarcinomas have a poorer prognosis, compared to squamous cell carcinoma with a 5-year-
survival rate of fewer than 15%. [4] Accurate histopathological subtyping of lung tumors is

essential for targeted therapeutic agents. [5.6] Majority of squamous cell carcinoma show
absence of unequivocal keratinization. These subtypes of non-keratinizing SCC such as of
basaloid, papillary type are difficult to diagnose on morphology alone.

Several challenges are faced by the reporting histopathologist. Many adenocarcinomas also show

squamous morphology. [8] Most often small biopsies are received in cases of lung lesion
including neoplasms. Moreover, the lung biopsies maybe insufficient for diagnosis and at times
may show

extensive crushing artifact. These small biopsy samples are small tumor fractions and may not

reflect the full lesion, making proper subtyping on histomorphology problematic. [7.8] Therefore,
in 2011 IASLC, ATS and ERS multidisciplinary update collectively incorporated IHC in

World Health Organization (WHO) 2015 criteria. 9]

Morphologic assessment of tiny biopsy or cytology specimens determines the predominant form
of lung cancer, which is AC or SCC. When the morphology is inconclusive or poorly
differentiated, the use of histochemical stains allows for the differentiation of cases into SCLC and
NSCLC.
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In the present study, we utilized p63, TTF-1 and chromogranin to classify squamous cell
carcinoma (SCC), lung adenocarcinoma (ADC) and small cell carcinoma of the lung.

Materials and Methods:
Study design: Prospective and retrospective cohort study
Sample Size: 40 cases

Method of recruitment: Histopathologically diagnosed lung carcinoma cases from June 2017-
December 2023, in the Department of Pathology, SMS&R Greater Noida were included in the
study. These included both retrospective and prospective cases.

Inclusion criteria:

Histologically diagnosed lung carcinoma cases from June 2017- December 2022 (6 years)
Exclusion criteria:

I.  Specimens with benign tumour or inflammatory diagnosis.

ii.  Patients who were already on chemotherapy.

iii.  Specimens that were improperly fixed or with more necrotic tissue.

iv.  Inadequate samples.

The detailed history including the age, occupation, socioeconomic status, diet, history of smoking
was taken. CT scan was done in each case. A biopsy was taken in each case and submitted in
histopathology section in 10%formalin. After proper specimen description, the entire tissue was
submitted for routine histopathological processing. The AC and SCC cases were well distinguished
with easily appreciated glandular or squamous differentiation. The tumors were classified as SCC
if they showed intercellular-bridges or keratin while as AC if had glandular formation or
production of mucin. In poorly differentiated lung carcinomas on H&E the accurate
histopathological typing of tumours were done using IHC. Immunohistochemical staining was
performed with markers TTF-1, p63 and chromogranin on lung biopsies which could not be
differentiated solely on the basis of morphology. (Table No.1)

Scoring for TTF-1, p63 and chromogranin: Scoring of TTF-1, p63 and chromogranin

expression was done semi-quantitatively. [10] Based on the proportion of cells with nuclear
TTF-1 and p63 staining and chromogranin staining in the cytoplasm, 0% weakly positive or
negative, 10% or less cells positive +,10% to 50% positive ++ and >50% positive +++.
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Based on the staining's severity (rated + to +++), weak (1+, less than normal cells), moderate
(2+, equal to normal cells), and strong (3+, more than normal cells).

The approval from institutional ethical committee has been taken for this study. Complete
confidentiality regarding the subject information was maintained through all the phases of the
study.

Results

The age of the cases ranged from 32 to 82 years with mean + S.D = 61.2 + 14.5 years. Majority of
the patients were of more than 60 years (26 cases; 66.7%) followed by 12 cases (30%) in the age
group of 40-60 years. Only one patient of 32 years was noted in the age group of class interval
between 20-40 years. (Table No.2) Out of 30 cases there were 39 males and 1 female. Majority of
the patients had a habit of cigarette smoking. Out of 40 cases, 37 patients (90 %) gave history of
cigarette smoking of which two had left smoking in the last two years. Three (30 %) patients did
not smoke at all. Most common symptom was cough (27, 3.3 %) followed by dyspnea in (15).
Hemoptysis was reported in only 8 cases (26.7%) followed by weight loss (7%). Chest pain was
the chief complaint in one case. The right lung was involved in 19 cases (63.3%) and left lung in
remaining 11 cases (37%). Out of 40 cases, 28 (73.3%) were centrally located masses while the
remaining 12 (26.7%) were peripherally situated lesions. Ten tumors showed central necrosis and
cavitation. Four cases showed solitary pulmonary nodule. In our study the biopsies were obtained
by two procedures namely, transbronchial lung biopsy and CT-guided core needle biopsy. In 39
cases bronchoscopic biopsy (96.7%) while in one case (3.3%) core needle biopsy specimen was
submitted. Out of forty cases of lung carcinomas 20 cases of NSCLC (out of which 13 were of AC
and 7 were SCC). (Figure 1 a, b and Figure 2 a, b) Eight cases (20%) of SCLC. (Figure 3 a, b)
Twelve cases (26.6%) were of poorly differentiated carcinomas. Adenocarcinoma comprised of
papillary (23%), acinar (23%), mixed (66%), lepidic and solid pattern. (Table No.3, Figure 2 a,
b) Twelve cases of poorly differentiated carcinoma were subjected to immunohistochemistry
(TTF-1, p63 and chromogranin). TTF-1 positive 5 cases were further classified as AC, p63 positive
3 cases as SCC and 3 cases expressed chromogranin A positivity as small cell lung carcinoma.
One case did not express positivity for any immunohistochemical marker and was labelled as
undifferentiated carcinoma. (Figure 4 a, b and Figure 5 a, b)

102
Eur. Chem. Bull. 2023, 12 (Si6), 99 — 113



Histomorphological and immunohistochemical study on lung carcinoma

Section A-Research paper

HAEMATOXYLIN AND EOSIN (40 cases)

!

NON SMALL CELL | SMALL CELL POORLY DIFFERENTIATED |

CARCINOMA CARCINOMA CARCINOMA
(20 cases) (8 cases) 7 (1icases)
SQUAMOUS CELL ADENOCARCINOMA
CARCINOMA (13 cases)
(7 cases)
IMMUNOHISTOCHEMISTRY
TTF-1-/ p63 +/ TTF-1+/ p63 -/ TTF-1-/ p63 -/ TTF-1-/ p63-/
CHROMOGRANIN - CHROMOGRANIN - CHROMOGRANIN + | CHROMOGRANIN -
SQUAMOUS CELL ADENOCARCINOMA SMALL CELL | UNDIFFERENTIATED
CARCINOMA CARCINOMA CARCINOMA CARCINOMA
(3 cases) (S cases) (3 cases) (1 case)
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Table No. 1: Panel used in the present study and criteria for evaluation of immunostaining

S.No. | Antigen Clone Supplier | Dilution Criteria for positivity

1. p63 DAK-p63 | Dako Pre-diluted | Distinct nuclear
staining of >50% cells

2. TTF-1 8G7G3/1 Dako Pre diluted | Distinct nuclear
staining of >5% cells

3. Chromogranin | DAK-A3 Dako Pre diluted | Distinct, intense

A cytoplasmic staining of

>K04 cells

Table No. 2: Age and gender wise distribution of cases of Lung Carcinoma

Age group Male Female Total Percentage (%)
20-40 years 1 - 1 3.3

40-60 years 12 - 12 30

> 60 years 26 1 27 66.7

Total 39 1 40 100
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Table No. 3: Histological Subtyping of Adenocarcinoma Cases (n=13) according

to morphology on H&E sections

Histological Subtype Cases (n=09) Percentage%o
Papillary 03 23

Acinar 0 23

Lepidic 01 11

Solid 01 11

Mixed 06 66

Total 13 100

Figure No. 1a and b: Lung biopsy of adenocarcinoma form tumour cells showing
“GLANDULAR PATTERN”. (H&E; 40X)

Eur. Chem. Bull. 2023, 12 (Si6), 99 — 113
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Figure No. 2a and b: Lung biopsy of adenocarcinoma with tumour cells disposed in papillae
and micro papillae pattern exhibiting “PAPILLARY PATTERN” (H&E; 40X)

Figure No. 3a: Lung biopsy of squamous cell carcinoma with clusters of polygonal
hyperchromatic cells. b Lung biopsy of small cell carcinoma with sheets of small cells with scant
cytoplasm and nuclear moulding (H&E; 40X)
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Figure No.4: a. Lung biopsy of poorly differentiated carcinoma showing bizzare cells and
desmoplastic stroma (H&E; 40X) Intensity b. Lung biopsy of adenocarcinoma showing TTF-1
positivity (H&E; 40X -Strong (3+) Intensity Nuclear Positivity)

Figure No.5 : a. Lung biopsy of small cell carcinoma showing chromogranin positivity (H&E;
40X Strong (3+) Intensity Cytoplasmic Positivity) b. Lung biopsy of squamous cell carcinoma
showing p63 positivity (p63; 100X Moderate (2+) Intensity Nuclear Positivity)

Discussion: Lung cancers are broadly sub classified into NSCLC and SCLCs. As per WHO 2015
classification, the subtyping of NSCLC is essential owing to therapeutic implications. Most of the
lung biopsies are obtained by the aid of bronchoscopy and biopsies are taken by via transbronchial

[transthoracic route. Video-assisted thoracic surgery (VATS), CT-guided percutaneous route are
the newer modalities to retrieve lung biopsies. In our study out of forty cases of lung carcinoma, in
39 cases bronchoscopic biopsy was obtained while in one case core needle biopsy was obtained.
Difficulty in subtyping on morphologic grounds is usually due to insufficient material or scant
tumour area or unequivocal morphology. Acharya KV et al in his study reported that bronchoscopic
procedures had a good accuracy of 81.25% in diagnosis of lung malignancies in central tumours
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and also in peripheral tumours that are not access able. [11] Andolfi M et al suggests tissue biopsy

is the gold standard investigation for premalignant and malignant lung lesions.[12] Further this
group also considers bronchoscopy as the safest and most accurate tools to evaluate both central
and distal airway lesions. Parigi et al reported percutaneous core needle biopsy of lung (PCNBL) is
of more use than bronchoscopic biopsies to get samples for peripheral lung lesions including non-

malignant lesions. [13]

Many studies state that the degree of distortion often noticed in the small biopsies is a major
contributing factor to the lack of specificity in the labelling of lung tumors on histomorphology.
We also undoubtedly found crushing artefacts in the small biopsies received by us as a limiting
factor for making an accurate diagnosis on the histological sections.

WHO classification of lung tumors the criteria for identifying the poorly differentiated and
undifferentiated carcinomas are not defined. This creates lots of ambiguity among the different
pathologists group making the imprecise designations for such cases. The pathologists are honestly
unable to classify these cases into any group on the basis of histomorphology. In our study, we
labelled the cases in which were lacking specific diagnostic criteria on histomorphology as poorly
differentiated carcinomas. There were 12 cases of poorly differentiated carcinoma in our study.

In our study out of 40 cases there were 39 males and 1 female. The males outnumbered the females.
Our finding was in concordance with the findings of Albasri et al, Alamoudi et al, Bhatti et al who

also reported male preponderance. [14, 1516] This trend presently exists in the developing
countries. However, in the developed countries, the rate of incidence in males and females has
started converging.

In our study age of the cases ranged from 32 to 82 years with mean + S.D = 61.2 + 14.5 years.
Majority of the patients were of more than 60 years (26 cases; 66.7%) followed by 12 cases (30%) in
the age group of 40-60 years. Only one patient of 32 years was noted in the age group of class
interval between 20-40 years. Albasri et al reported the age range of 6- 97 years with mean of

60.6+14.7 years in their study cohort. [14] The age group in all the studies were in concordance with
the present study.

In present study, majority of the patients had a habit of cigarette smoking. Twenty-seven (90%)
had habit of cigarette smoking of which two had left smoking in last two years. Song MA et al
suggested smoking as a risk factor in 80% to 90% of lung cancer diagnoses and 5-year survival is

18%, highlighting the importance of prevention. [17]

In the present study AC formed the maximum number of the cases (13 out of 40 cases, 32.5%)

followed by SCC (7 out of 40 cases, 17.5 %) and the SCLC (8 out of 40 cases, 20%). There were 12
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cases (30%) of poorly differentiated carcinoma in our study. The tumors were classified into
SCLC and NSCLC on the basis of histomorphology on hematoxylin and eosin sections. It has been
reported by Travis WD et al, Gurda GT et al in their independent studies that usually most NSCLC
can be subtyped into AC and SCC on biopsies without the use of any ancillary tests (special stain or

IHC). [18, 19] Similarly, in the present study we initially classified tumors on histomorphology.
The tumors with intracellular bridges and evidence of keratinization were classified as SCC. The
tumors showing glandular differentiation on morphology were classified as AC. The malignant
neoplasm showing small size of tumor cells with finely granular cytoplasm and scant chromatin,
exhibiting nuclear moulding were typified as small cell carcinomas. The tumors which did not
clearly show any above of the characteristic features were classified as poorly differentiated
carcinomas. This was attributed to unequivocal morphology, scant tumour and inadequate
sampling. Such cases were then subjected to IHC. Twelve cases of poorly differentiated carcinoma
were subjected to immunohistochemistry (TTF-1, p63 and chromogranin). TTF-1 positive 5 cases
were further classified as AC, p63 positive 3 cases as SCC and 3 cases expressed chromogranin A
positivity as small cell lung carcinoma. One case could not be diagnosed both on morphology and
the IHC panel used. This was concordant with the results of Albasri A et al who also found AC

was the most common primary tumor.[14] However, this was discordant to study by N.H.C Au et al
who reported SCC as the commonest tumor. In our study a two-step approach was followed to

diagnose small lung biopsies. [15] The studies by Travis WD et al, Gurda GT et al, Kadota K et al,

Bhatti V et al, Mukhopadhayay et al, Shankar Shanmughapriya et al etc. [19, 20, 16, 21, 22]
advocated the judicious of immunohistochemical markers with the latter being reserved for the
poorly differentiated cases. The approach was in concordance to our study. On the other hand,

unlike the present study, many independent studies by Bernadi FDC et all, Koh Jaenoon et al, [23,

24] carried out immunohistochemistry on all the cases of lung carcinomas included in their
respective studies.

In the present study, we evaluated 3 monoclonal antibodies (TTF-1, p63, chromogranin A) in
poorly differentiated carcinomas. Many studies including Thunnissen E, Travis WD et al, Gurda
GT et al, Kadota K et al, Bhatti V et al, Mukhopadhayay et al, Shankar Shanmmupriya et al

[25,18,19, 20, 16, 21, 22 ] i their respective literatures, emphasized that TTF 1 and Napsin A
are the reliable markers for adenocarcinomas of lung and reveal positive results in 85% of AC.
Expression of either of these two markers is considered de facto evidence of AC or
adenocarcinoma differentiation in NSCLC if other tumours that also commonly express these
markers (including SCLC and LCNEC) can be excluded. IHC markers commonly expressed in
SCC include p40, CK5/6, CK5, and p63. NHU Au et al carried out study on tissue microarray and
found out of 408 cases consisting 123 SCC, 93 AC, 68 classic carcinoids and 14 cases of SCLC.

96.9 % cases of SCC were positive for p63. [26] The study by Bhatti V et al utilized the panel of
CK7, CK 20, CK 5/6, p63, TTF-1, Napsin A, Synaptophysin, chromogranin A, neuron specific

enolase, CD 56 and CDX2. [16] The authors included only primary lung tumours in their study
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and metastatic cases were not included. This was concordant with our study too where only primary
lung cancers were considered. M Albasri et al reported AC as the commonest pathological type
(47.8%), followed by SCC (25.3%), neuroendocrine tumor (8.7%) and metastatic carcinoma (8%).

IHC was not used as adjunct in this study. [14] Conde et al in their independent study validated the
expression of p63 on tissue microarray; for identification of SCC and found highly significant

positivity in SCC in comparison to adenocarcinoma. [27] Reeve et al evaluated neuron specific
enolase (NSE) in the cases of SCLC and concluded that NSE immunoreactivity per se is an

unreliable marker for the SCLC phenotype. [28] | the present study Chromogranin A was used to
confirm SCLC. Varma A et al carried on IHC by TTF-1 and p63 for typing NSCLC and founded

p63 utility in SCC and TTF-1 in all cases of adenocarcinoma. [29] This study included 16 cases
of adenocarcinoma, 22 SCC and 12 cases of NSCLC-NOS. Conde E et al carried study on 106
patients (33 AC, 69 SCLC,70 large cell carcinoma,3 sarcomatoid carcinoma and used p63 for

SCC of lung and concluded p63 to be useful tool in diagnosis of SCC. [27] Reeve J et al evaluated
NSE as a marker for SCLC using a monoclonal antibody and found NSE an unreliable marker for

the small cell lung carcinoma. [28] Terry et al assessed four IHC markers (CK7, CK 20, TTF-1,
p63) on biopsy specimens and followed two step algorithms for accurate sub classification of

NsLc. [30] unlike our study, this study did not include SCLC cases while metastatic tumors were
included. Shankar Shanmugapriya et al subtyped NSCLC based on expression of TTF-1, p63

along with the expression of EGFR in adenocarcinomas. [22] Wy Maoxin et al used automated

staining for TTF-1 and p63 on PDSCC in formalin and alcohol fixed specimens. [31] They evaluated
the usefulness of both the immunomarkers for differentiating PDSCC from SCLC. SCLC
showed strong p63 positivity and TTF weak positivity or negativity.

Koh Jaemoon et al reported CK 7 positivity was seen in 99.1%, followed by Napsin A in 93.5 %

cases followed by TTF-1 in 86.1% cases in adenocarcinoma. [25] p63 was negative in all the cases.
SCC showed p40 and p63 positivity in 93.2% and 79.7 % cases respectively. TTF-1 was not
expressed in any of the cases. Hence congruent to our result we selected TTF-1 and p63 markers to
classify lung cancers. This study emphasizes upon the importance of morphology and
immunohistochemistry for distinction of SCLC from NSCLC and further subtyping of NSCLC
especially AC in order to effectively drive patients to specific molecular targeted therapy. The
limitation of this study was that the resection specimens were not included in it. As small biopsies
are just a fraction of large tumour masses, the correct subtyping especially of carcinomas with
mixed features of AC and SCC would have been missed in our study.

Conclusion: The present study gives the glimpse of the histological subtypes of lung carcinoma in
the Delhi-NCR region over the period of past 5 years diagnosed on histomorphology and
immunohistochemistry.
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