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ABSTRACT

Background : Lung cancer is the leading cause of cancer-related mortality over worldwide. Although the
pathological diagnosis of lung carcinoma is limited as only small specimen available for diagnosis, the
availability of targeted therapies has created a need for precise subtyping of non-small cell lung carcinoma.
Several recent studies have demonstrated that the use of immunohistochemical markers can be helpful in
differentiating squamous cell carcinoma from adenocarcinoma not only on surgically resected specimen
but also on small biopsy samples. Material and Methods: A cross-sectional study of one year duration
including 50 cases of lung carcinomas on guided biopsies were first reported on Haematoxylin and Eosin
sections and later subjected for IHC using relevant markers TTF-1 and p40. Results: In our study IHC
with TTF-1 and p40 aided in subtyping of 35 (92.1%) cases of non-small cell lung carcinoma and this
diagnostic accuracy was found to be statistically significant with p value <0.001. On statistical analysis,
p40 showed 100% sensitivity and 85.7% specificity for squamous differentiation whereas TTF-1 showed
sensitivity of 85.7% and specificity of 100% for adenocarcinoma. Out of 50 cases, after IHC, 29 (58%)
were diagnosed as squamous cell carcinoma, 18 (36%) as adenocarcinoma, 3 (6%) as non-small cell lung
carcinoma. Conclusion: The minimalist IHC based model of p40 and TTF-1 on biopsy samples were
effective to correctly subtype most cases of non-small cell lung carcinoma and contribute in sparing
material for molecular testing.
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Introduction

Lung cancer is the second most common and
major cause of death worldwide.!"'Its generally a
disease of elderly individuals, occurring most often
between ages 55 and 84 years. ?lIn India, lung cancer
constitutes 6.9% of all new cancer cases and 9.3% of
all cancer related deaths in both sexes.[3! Incidence
of lung cancer in male is 1 in 68 and in female is
1 in 201.8Tobacco smoking is the most common
cause of lung cancer and accounts for 80% cases and
other causes are air pollution, industrial hazards like
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asbestos, arsenic, chromium, nickel, vinyl chloride
which accounts for 20% cases.!" There are various
methods that are being used to diagnose various
lung tumors but core lung biopsy has a major role
in diagnosing lung tumors as it is safe, rapid and
reliable technique.!*/A limitation of availability of
adequate material in a small biopsy precludes the
usage of an extensive panel of immunohistochemical
markers to accurately subtype non-small cell lung
carcinoma (NSCLC), especially when tissue needs
to be saved for molecular studies. Hence, it has
been proposed to use one specific marker each for
squamous and glandular differentiation. ®! There are
several biomarkers present in the lung like CK7, TTF-
1, CK5, p40, p63, S100, Chromogranin, CD20 but
TTF-1 and p40 are very reliable and specific markers
used for distinguishing squamous cell carcinoma
(SCC) from adenocarcinoma (ADC) and helps in
providing more accurate diagnosis and sub-typing of
NSCLC.
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p40 is an isoform of p63 and denote the non-
transactivating domain (deltaNp63).1%7! It is com-
monly present in basal layers of stratified epithelium
and in some glandular epithelium.®”! p40 has been
shown to be superior to the normally used antibody
p63 (clone 4A4) for differentiation of squamous cells
because p63 can be found in some cases of lung
adenocarcinomas and even large cell lymphomas,
which makes it less specific. (!

TTF-1 is a homeodomain-containing transcription
factor which is predominantly found in normal type
IT alveolar pneumocytes that has shown high sen-
sitivity and specificity in the immunohistochemical
labelling of lung adenocarcinomas.!®! TTF-1 is a
nuclear stain and has long been used to help confirm
origin from a lung adenocarcinoma at metastatic
sites.

The present study was carried out to determine the
effectiveness of a minimal panel of antibodies TTF-1
and p40 in sub-classification of NSCLC.

Material & Methods

This cross-sectional study was conducted in the
Department of Pathology, Rohilkhand Medical Col-
lege and Hospital, Bareilly, after Institutional Ethical
Committee approval and included lung biopsies
from suspected patients of primary lung cancer
attending the Department of Respiratory Medicine
and Oncosurgery. A total of 50 cases were taken.
Biopsies containing inadequate tumour component
on histopathology for immunohistochemical evalu-
ation were excluded. All biopsies were processed
using automated tissue processor and embedded
in paraffin wax. 3-5um thick sections were cut
and stained with standard Haematoxylin and Eosin
stain and extra sections were cut on Poly-l-lysine
coated slides for IHC to prevent loss of tissue
due to repeated sectioning of the block. The ITHC
(p40 with clone Polyclonal and TTF-1 with clone
8G7G3/1+NX2.1/690) staining were applied using
rabbit and mouse monoclonal IgG antibodies after de-
paraffinization of the sections using xylene and then
re-hydration in decreasing concentrations of alcohol.

Interpretation of immunohistochemistry

The results of IHC showed positive nuclear staining
for TTF-1 and p40 and were recorded according
to standardized guidelines. Immunoreactivity was
recorded semi quantitatively on a scale from 0 to 3+.
The percentage of positive cells and intensity was
graded as 0 (0% positive cells), no staining; 1+ (1-

25%), weak; 2+ (25-50%), moderate; 3+ (50-100%),
strong. 1%

Statistical Analysis

Statistical analysis was done by using SPSS software
(v.23.0). Chi-square test used to evaluate the signif-
icance of the correlation in the diagnosis of NSCLC
before and after addition of IHC, with a threshold
of less than 0.05 was considered to be statistically
significant. The sensitivity and specificity of IHC
markers was calculated and reported.

Results

Total 50 cases were included in the study. In our
study, age range was 21-80 years with maximum
number of cases (58%) seen in age group of 41-
60 years. Out of 50 cases, 45 (90%) were male
patients and 5 (10%) were female patients. (Figure 1)
36 (72%) cases were having history of smoking,
weight loss was the most common symptom in our
study being reported in 46 (92%) cases. Based on
the histomorphological analysis, 7 (14%) cases were
classified as ADC, 5 (10%) cases were classified as
SCC and the remaining 38 (76%) cases were labelled
as NSCLC. (Table 1) All the cases were subjected for
IHC (p40 and TTF-1) after which, 18 (36%) cases
were diagnosed as adenocarcinoma (TTF-1+/p40-),
29 (58%) as squamous cell carcinoma (p40+/TTF-
1-) and 3 (6%) as non-small cell lung carcinoma
(p40-/TTF-1-). This showed that there is reduction in
92.1% cases of non-small cell lung carcinoma after
applying THC. (Table-1) In terms of sensitivity and
specificity, p40 showed 100% sensitivity and 85.7%
specificity while TTF-1 showed sensitivity of 85.7%
and specificity of 100%. (Table 2)

All histomorphologically identified SCC were p40
positive with 2+ to 3+ positivity. The staining
intensity was strong in all cases. While, all histo-
morphologically identified ADC were TTF-1 positive
except for 1 case which was negative to TTF-1
and was positive with p40. All cases showed 3+
positivity. The staining intensity was moderate to
strong in all cases. Both the markers were negative
in 3 (6%) cases, which remained NSCLC and could
not be subtyped further.

According to above findings, IHC with two specific
markers when used adjunctively with morphology
was able to correctly classify 47 of the 50 (94%) cases
of NSCLC (P<0.001). (Table 1)
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Table 1: Distribution of cases according to histopathology and IHC marker (P40 and TTF-1) with subtype

characterization
Histopathological Diagnosis Subtype P-
IHC Final diagnosis ;
8 Squamous Adenocar- Non-Small Total c'haracterlza- value
Cell cinoma Cell Lung tion
carcinoma (n=7) Carcinoma
(n=5) (n=38)
Squamous Cell Carcinoma 5 1 23 29 Increment of
(P40+/TTF1-) 82.7% <
Adenocarcinoma (P40- / 0 6 12 18 Increment of 0.001*
TTF1+) 61.1%
Non-Small Cell Lung Carci- 0 0 3 3 Reduction of
noma (P40-/ TTF1-) 92.1 %
Total 5 7 38 50

**statistically significant

Table 2: Sensitivity and Specificity of IHC markers in ADC and SCC

IHC Marker No. of cases diagnosed No. of cases diagnosed as
as ADC on H&E SCC on H&E
TTF-1 TTF-1 Positive 6 (TP) 0 (FP) Sensitivity: 85.7% Specificity:
TTF-1 Negative 1 (FN) 5 (TN) 100% PPV: 100% NPV: 83.3%
P40 P40 Positive 1 (FP) 5 (TP) Sensitivity: 100% Specificity:
P40 Negative 6 (TN) 1 (FN) 85.7% PPV: 83.3% NPV:

100%

TP- True Positive, FP- False Positive, TN- True Negative, FN- False Negative, PPV- Positive Predictive Value, NPV- Negative Predictive

Value, H&E- Hematoxylin and Eosin
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Figure 1: Distribution of cases according to age and gender

Discussion

Lung cancer is one of the most frequently diagnosed
malignant neoplasms. [l NSCLC, constituting tumors
other than small cell carcinoma, accounts for 85%
of all lung cancers but is heterogenous in nature,
comprising lung adenocarcinoma and squamous
cell carcinoma as the most frequent histologic
subtypes.['®! Morphologically, adenocarcinoma is

Figure 2: (A) Morphologically differentiated Squamous
cell carcinoma with intercellular bridges and intracel-
lular keratinization (H & E X400), (B) p40 immunos-
tain shows 80% nuclear positivity and strong staining
intensity of tumor cells. Inset shows negative TTF-
1 stain (IHC X400), (C) Morphologically differentiated
Adenocarcinoma with glandular formation (H & E X400),
(D) TTF-1 immunostain shows 80% nuclear positivity
and strong staining intensity in tumor cells. Inset shows
negative p40 stain (IHC X400)
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Figure 3: (A) Non-Small Cell LungCarcinoma with-
out morphological differentiation (H & E X400), (B)
P40immunostain shows 90% nuclear positivity of tumor
cells (IHC X100), (C) NonSmall Cell Lung Carcinoma
without morphological differentiation (H & EX400), (D)
TTF-1 immunostain shows 80% nuclear positivity of
tumor cells (IHCX100)

identified by glandular differentiation and mucin
production. Squamous differentiation is recognized
by keratin pearls, keratinization and intercellular
bridges. However, distinguishing these two tumors
can be challenging, particularly in cases of poorly
differentiated tumors. In such cases, immunohisto-
chemical markers (p40 and TTF-1) are recommended
for precise histologic subtyping. p40 is used for
squamous differentiation and found in basal layers of
stratified epithelium and some glandular epithelium
while TTF-1 is used for differentiation of adeno-
carcinoma and found in normal type II alveolar
pneumocytes.

The present study included a total of 50 cases of
non small cell lung carcinomas. The age distribution
of patients in this study ranged from 21-80 years
with a mean age of 56 years and suggesting a
disease of elderly individuals. The youngest patient
in our study was of 26 year which indicate a rising
incidence in younger age group. 29 cases (58%)
belonged to age groups 41-60 years followed by
19 cases (38%) in age group of 61-80 years and 2
cases (4%) in age group of 21-40 years. The finding
were comparable with the study of Walia et all®
who also found that median age of the patients
was 58 years with an range of 50-65 years. The
sex wise distribution of cases showed that males
clearly dominate with 45 cases (90%) and females
account for 5 cases (10%) with male to female ratio
of 9:1. A similar finding was observed in the study of
Muhammad et all*!l which showed male to female
ratio as 5.2:1.

In our study, majority of population had a history of
smoking accounting for 36 (72%) cases followed by
14 (28%) cases who were non-smoker. The finding
were comparable with the study of Varma et all'?]
and found that out of total 52 cases, 34 (65.38%)
cases were associated by smoking and 18 (34.62%)
cases were in non-smoker which suggest a strong
association of smoking with lung carcinoma. Weight
loss was the most common symptom in our study
being reported in 46 (92%) cases followed by fever
in 43 (86%) cases, breathlessness in 37 (74%) cases,
chest pain in 22 (44%) cases, blood in sputum in 14
(28%) cases. Our findings were compared with the
study done by Noronha et al[*®! and found that most
common presentation was weight loss accounted for
84.7% followed by cough in 76%, loss of appetite in
68.8%, chest pain in 51.3%, dyspnea in 33%.

The most common histopathological interpretation
was non-small cell lung carcinoma (NSCLC) compris-
ing of 38 (76%) cases followed by adenocarcinoma
in 7 (14%) cases and squamous cell carcinoma in
5 (10%) cases. This was done on the basis of Inter-
national Association for the Study of Lung Cancer/
American Thoracic Society/ European Respiratory
Society (IASLC/ATS/ERS) classification criteria for
reporting of small biopsies. [14]

The immunohistochemical study of lung biopsies is a
very interesting with diverse endeavour. In this study
two markers were selected TTF1 and p40, both have
vast data derived from prior studies. The expression
of both p40 and TTF1 were studied in lung carcinoma
to classify non-small cell lung carcinoma and to
achieve a better understanding of the diagnosis of
various lung carcinomas which cannot be assessed
through histopathological examination alone.

In present study, TTF-1 was positive in 6 (85.7%)
cases of histologically diagnosed adenocarcinoma.
Out of 38 cases diagnosed as NSCLC, TTF-1 showed
positivity in 12 cases and diagnosed as adenocarci-
noma. This took an tally of 18 cases and showed
increment of 61.1% of subtype characterization as
adenocarcinoma after applying IHC. (Table 1) Our
findings were compared with the study done by
Stenhouse G et al['®! and found similar results with
increment of subtype characterization after applying
IHC.

However, our study showed discordance in 1 case as
on histopathological diagnosis it was given as adeno-
carcinoma but after applying immunohistochemical
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markers (TTF-1 and P40), it showed negativity for
TTF-1 and was positive for P40 and finally diagnosed
as squamous cell carcinoma. Unlike to our findings,
Srodon et all*®l showed 100% positivity to TTF-1 in
histopathologically diagnosed adenocarcinoma.

In present study, p40 was positive in all 5 (100%)
cases of histologically diagnosed squamous cell
carcinoma. Out of 38 cases diagnosed histologically
as NSCLC, p40 immunostain showed positivity in 23
cases and were further classified as squamous cell
carcinoma. This took an tally of 29 cases and showed
increment of 82.7% of subtype characterization
as squamous cell carcinoma after applying IHC.
(Table 1) Our findings were similar with the study
done by Thamtam et all'”l and showed 100%
positive stain for histomorphologically diagnosed
squamous cell carcinoma. Unlike to our findings,
Affandi et all'® showed 96.8% positive stain for
Squamous cell carcinoma.

P40 is a recent marker added to subclassify the
NSCLC and can be considered as a single best marker
for identifying SCC with 100% sensitivity and 85.7%
specificity. (Table 2) A similar finding was observed
in the study of Pelosi et all*®!, For Adenocarcinoma,
TTF1 showed sensitivity of 85.7% and specificity of
100%. (Table 2) Our study was comparable with the
study done by Rekhtman et al[?°! and showed similar
findings.

In our study, 3 cases were negative with both markers
(TTF-1 and p40) which may be due to decreased
sensitivity of TTF-1 and specificity of p40. These
cases remained NSCLC and could not be subtyped
further. Our findings were compared with the study
done by Walia et all®! and found similar results.

Conclusion

Analysis of a lung biopsy is very important as many
lung tumors cannot be resected. To get a concrete
diagnosis the use of molecular techniques as well as
IHC in concert is very important. These two markers
proved very helpful in diagnosing the cases of non-
small cell lung carcinoma with certainty. The biopsy
material is often very limited, so only a few markers
can be used as opposed to resection specimens where
a number of sections can be taken. So using the
correct markers is very important.

Therefore, this study gives additional proof to the
reliability and necessity of using these two makers
in the diagnosis of a non-small cell lung carcinoma

on a biopsy. Considering the limited tissue available,
these markers are very reliable.

References

1. Shankar S, Thanasekaran V, Dhanasekar T, Duvooru
P.  Clinicopathological and immunohistochemical
profile of non-small cell lung carcinoma in a tertiary
care medical centre in South India. Lung India.
2014;31(1):23-28. Available from: https://doi.org/10.
4103/0970-2113.125889.

2. Kumar V, Abbas AK, Aster JC. Robbins & Cotran
Pathologic Basis of Disease. The Lung;vol. 2. 10th ed.
Philadelphia PA. Elsevier Health Sciences Division. .

3. Mathur P, Kumar S, Chaturvedi M, Das P, Sudarshan
KL, Santhappan S. Report From National Cancer Reg-
istry Programme India. JCO Glob Oncol. 2020;6:1063—
1075.

4. Lad N, Daveshwar M. Histopathological Study of Lung
Biopsy in Association with Immunohistochemistry.
Journal of Evolution of Medical and Dental Sciences.
2019;8(48):3609-3612. Available from: https://www.
jemds.com/data_pdf/1_nirali%20lad--dec-2-.pdf.

5. Walia R, Jain D, Madan K, Sharma MC, Mathur SR,
Mohan A, et al. p40 & thyroid transcription factor-1
immunohistochemistry: A useful panel to characterize
non-small cell lung carcinoma-not otherwise specified
(NSCLC-NOS) category. Indian Journal of Medical
Research. 2017;146(1):42-48. Available from: https:
//doi.org/10.4103/ijmr.JJMR_1221_15.

6. Nobre AR, Albergaria A, Schmitt F. p40: A p63 Isoform
Useful for Lung Cancer Diagnosis — A Review of the
Physiological and Pathological Role of p63. Acta
Cytologica. 2013;57(1):1-8. Available from: https://doi.
org/10.1159/000345245.

7. Bishop JA, Teruya-Feldstein J, Westra WH,
Pelosi G, Travis WD, Rekhtman N. p40
(ANp63) is superior to p63 for the diagnosis of
pulmonary squamous cell carcinoma. Modern
Pathology. 2012;25(3):405-415. Available from:
https://doi.org/10.1038/modpathol.2011.173.

8. Prabhakaran S, Xing G, Hocking A, Hussey M, Hender-
son DW, Klebe S. A comparison of diagnostic panels
in the immunohistochemical analysis of lung cancer.
Pathology and Laboratory Medicine International.
2019;11:7-15. Available from: https://doi.org/10.2147/
PLMI.S204421.

9. Siegel RL, Naishadham D, Jemal A. Cancer statis-
tics, 2019. CA: A Cancer Journal for Clinicians.
2019;69(1):7-34. Available from: https://doi.org/10.
3322/caac.21551.

10. Guo R, Tian Y, Zhang N, Huang H, Huang Y, Yang
]. Use of dual-marker staining to differentiate
between lung squamous cell carcinoma and adenocar-
cinoma. Journal of International Medical Research.
2020;48(4):030006051989386. Available from: https:
//doi.org/10.1177/0300060519893867.

Journal of Medical Sciences and Health/Jan-April 2023/Volume 9/Issue 1 41


https://doi.org/10.4103/0970-2113.125889
https://doi.org/10.4103/0970-2113.125889
https://www.jemds.com/data_pdf/1_nirali%20lad--dec-2-.pdf
https://www.jemds.com/data_pdf/1_nirali%20lad--dec-2-.pdf
https://doi.org/10.4103/ijmr.IJMR_1221_15
https://doi.org/10.4103/ijmr.IJMR_1221_15
https://doi.org/10.1159/000345245
https://doi.org/10.1159/000345245
https://doi.org/10.1038/modpathol.2011.173
https://doi.org/10.2147/PLMI.S204421
https://doi.org/10.2147/PLMI.S204421
https://doi.org/10.3322/caac.21551
https://doi.org/10.3322/caac.21551
https://doi.org/10.1177/0300060519893867
https://doi.org/10.1177/0300060519893867

Agrawal, et al: TTF-1 and P40 markers for subtyping of NSCLC

11.

12.

13.

14.

15.

16.

Muhammad FR, Pity IS, Safo AS, Izac AY. Cytokeratin
5/6, p63 and ttf-1 immuno marker use in tiny non-
small cell lung cancer. Journal of Cancer Prevention &
Current Research. 2018;9(4):191-195. Available from:
https://doi.org/10.15406/jcpcr.2018.09.00348.

Varma A, Patidar R, Dosi S, Malpani G, Malukani G,
Jain PK. Immunohistochemical Staining by TTF-1
and P63 Markers for Typing of Non Small Cell Lung
Carcinomas: A Three Year Study of A Tertiary Care
Health Centre. International Journal of Contemporary
Medicine. 2018;77(3):2454-2579.

Noronha V, Dikshit R, Raut N, Joshi A, Pramesh CS,
George K. Epidemiology of lung cancer in India: Focus
on the differences between non&#8209;smokers and
smokers: A single&#8209;centre experience. Indian
Journal of Cancer. 2012;49(1):74-81. Available from:
https://doi.org/10.4103/0019-509x.98925.

Sterlacci W, Savic S, Schmid T, Oberaigner W,
Auberger J, Fiegl M, et al. Tissue-Sparing Application
of the Newly Proposed IASLC/ATS/ERS Classification
of Adenocarcinoma of the Lung Shows Practical
Diagnostic and Prognostic Impact. American Journal
of Clinical Pathology. 2012;137(6):946-956. Available
from: https://doi.org/10.1309/ajcp7 7kmkjxnmpms.
Stenhouse G, Fyfe N, King G, Chapman A, Kerr
KM. Thyroid transcription factor 1 in pulmonary
adenocarcinoma. Journal of Clinical Pathology.
2004;57(4):383-387. Available from: https://doi.org/10.
1136/jcp.2003.007138.

Srodon M, Westra WH. Immunohistochemical staining
for thyroid transcription factor-1: A helpful aid in
discerning primary site of tumor origin in patients with
brain metastases. Human Pathology. 2002;33(6):642—
645.  Available from: https:/doi.org/10.1053/hupa.
2002.124910.

18.

19.

20.

p63 in Differentiating Squamous Cell Carcinoma and
Adenocarcinoma Lung. Indian Journal of Medical and
Paediatric Oncology. 2020;41(4):535-542. Available
from: https://doi.org/10.4103/ijjmpo.ijjmpo_51_19.
Affandi KA, Tizen NMS, Mustangin M, Zin
RRMRM. p40 Immunohistochemistry Is an
Excellent Marker in Primary Lung Squamous Cell
Carcinoma. Journal of Pathology and Translational
Medicine. 2018;52(5):283-289. Available from:
https://doi.org/10.4132/jptm.2018.08.14.

Pelosi G, Fabbri A, Bianchi F, Maisonneuve P, Rossi G,
Barbareschi M, et al. ANp63 (p40) and Thyroid Tran-
scription Factor-1 Immunoreactivity on Small Biopsies
or Cellblocks for Typing Non-small Cell Lung Cancer:
A Novel Two-Hit, Sparing-Material Approach. Journal
of Thoracic Oncology. 2012;7(2):281-290. Available
from: https://doi.org/10.1097/jto.0b013e31823815d3.
Rekhtman N, Ang DC, Sima CS, Travis WD, Moreira
AL. Immunohistochemical algorithm for differen-

tiation of lung adenocarcinoma and squamous cell
carcinoma based on large series of whole-tissue

sections with validation in small specimens. Modern
Pathology. 2011;24(10):1348-1359. Available from:
https://doi.org/10.1038/modpathol.2011.92.

How to cite this article: Agrawal M, Goyal V, Arya A,
Katiyar GD, Mohan N. Diagnostic Utility of TTF-1 and
P40 Immunohistochemical Markers for Subtyping of
Non-Small Cell Lung Carcinoma. ] Med Sci Health
2023; 9(1):37-42

Date of submission: 29.08.2022
Date of review: 08.09.2022

Date of acceptance: 30.09.2022
Date of publication: 08.03.2023

17. Thamtam V, Uppin S, Hui M, Kumar N, Bhaskar K,
Bala S, et al. Validation of Superiority of p40 over
42 Journal of Medical Sciences and Health/Jan-April 2023/Volume 9/Issue 1


https://doi.org/10.15406/jcpcr.2018.09.00348
https://doi.org/10.4103/0019-509x.98925
https://doi.org/10.1309/ajcp77kmkjxnmpms
https://doi.org/10.1136/jcp.2003.007138
https://doi.org/10.1136/jcp.2003.007138
https://doi.org/10.1053/hupa.2002.124910
https://doi.org/10.1053/hupa.2002.124910
https://doi.org/10.4103/ijmpo.ijmpo_51_19
https://doi.org/10.4132/jptm.2018.08.14
https://doi.org/10.1097/jto.0b013e31823815d3
https://doi.org/10.1038/modpathol.2011.92

