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The role of Pathologist in the era of 
precision medicine and precision pathology

• Accurate diagnosis and histologic classification

* Detection of sensitizing molecular alteration.

• Detection of resistance inducing molecular 
alteration.



Outline 

• Current recommendations of reporting 
and biomarker testing  in  Lung, Breast 
and colon cancer. 



Sathishkumar et al.  Indian J Med Res 156, October & November 2022, 



The WHO 2021 Classification lung ca

Epithelial Tumors

• Squamous cell carcinoma

• Adenocarcinoma

• Adenosquamous carcinoma

• Large cell carcinoma

• Sarcomatoid carcinoma

• Other epithelial tumors:
            NUT carcinoma

            SMARCA 4-deficient    
undifferentiated carcinoma

• Salivary gland type tumors

Neuroendocrine tumors

• - Carcinoid Tumors

--Typical Carcinoid (NET grade 1)

-- Atypical Carcinoid (NET grade 2)

• Small cell carcinoma

• Large cell neuroendocrine 
carcinoma

• Mesenchymal tumors

• PEComatous tumors

• Hematolymphoid tumors

• Metastatic tumors.



Pathology reports for lung cancer diagnoses in 
small biopsy and cytology-

WHO 5th edition
• 1. Pathological or cytopathological diagnosis 

according to 2021 WHO classification

• 2. Results of IHC and/or mucin stains.

• 3. Comment about differential diagnosis (when 
appropriate)

• 4. Statement of whether any material has been 
submitted for molecular testing (and the results if 
available)

• Specify the block was used.

• Percentage of viable tumor cells in the specimen  



NRSMCH : LUNG CANCER :2024,.



Squamous cell carcinoma

Sub types :

•Keratinizing

•Non Keratinizing

•Basaloid

•-No clinical implication

Non Keratinizing tumors

Require IHC to proof 

Squamous differentiation



p40

TTF1



Adenocarcinoma
For resection specimen

Preinvasive lesions
• Atypical adenomatous 

hyperplasia (<5mm)
• Adenocarcinoma in situ, 

(<30mm, pure lepidic)
• Minimally invasive 

adenocarcinoma. (non-
mucinous/mucinous) (<5 mm 
invasive component, other 
than lepidic)

• * Adenocarcinoma with 
lepidic pattern (note: 
invasive component 
cannot be excluded)

Record adenocarcinoma patterns 
in small biopsy

• Invasive non mucinous 
adenocarcinoma

• Lepidic, acinar, papillary, 
micropapillary, solid

• Invasive mucinous 
adenocarcinoma

• Variants : fetal, colloid, enteric 
type.

• Solid and Micopapillary 
pattern with poor prognosis



a b

c
d



p40

TTF1

Mucicarmine



Avoiding  over diagnosis  of lung cancer

• Squamous metaplasia overdiagnosed as 
squamous cell carcinoma.

• Reactive Pneumocyte hyperplasia 
overdiagnosed as Adenocarcinoma (NO IHC)

• Primary mucinous ca vs Metastatic 
adenocarcinoma from extrapulmonary sites : 
Pancreaticobiliary, GIT, Ovary

• No useful markers, clinico-pathological tumor 
board is essential.



WHO 2021 diagnostic terminology of lung neuroendocrine 
neoplasm

• Precursor lesion:

Diffuse idiopathic neuroendocrine cell hyperplasia

• Neuroendocrine tumors:

Carcinoid tumor NOS/Neuroendocrine tumor NOS

• Typical carcinoid/NET grade 1

• Atypical carcinoid /NET grade 2

• Neuroendocrine carcinoma

• Small cell carcinoma

• Combined small cell carcinoma

• Large cell neuroendocrine carcinoma

• Combined large cell neuroendocrine carcinoma



Typical carcinoid Atypical 
carcinoid

LCNEC SCLC

Mitosis per 2 
mm2

<2 2-10 >10 (median 70) >10 (median 80)

Necrosis No Focal, if any Yes Yes

Neuroendocrine 
morphology

yes yes yes yes

Ki 67 Upto 5% Upto 30% 30-100% 30-100%

TTF1 Mostly +ve in 
peripheral 
tumors

Mostly +ve in 
peripheral 
tumors

Positive (70%) Positive (85%)

P40 expression Negative Negative Negative Negative

Combined 
NSCLC 

No No Upto 25% 
resected 
specimen

Upto 25 % 
resected 
specimen
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SYN

Ki 67<5% : crushed carcinoid



Recommendations of use of IHC  
in small biopsy of lung cancer  



Journal of Thoracic Oncology 2018, vol. 14.



Best combination of markers in daily 
practice

• When IHC is needed to for sub typing of NSCLC : TTF1 and p40

• Better performance of Napsine A than TTF1 with greater 
sensitivity, TTF 1 is preferred as it is nuclear marker

•   p63 and p40 : p40 IHC targets a splice variant of p63 , is more 
specific and sensitive.

• 20-30 % adenocarcinoma are positive for p63.

• Focal positivity of TTF1 is considered a positive reaction : 
pulmonary adenocarcinoma.

•  The cut off for p40 > 50% of tumor nuclei

• Focal and weak positivity for p40 is not diagnostic for SCC



SP24 8G7G3/1

TTF1 staining

SCC

TTF 1 clones : which is the best SP24, SP141 and 8G7G3/1 ?
8G7G3/1 is the most specific antibody to identify lung adenocarcinoma



Best antibody panel to differentiate NE tumors 
from other types NSCLC 

• A panel of chromogranin A, synaptophysin and CD56 
is the best combination to identify NE tumors

• Upto 15-20% SCLC are negative for synaptophysin 
and chromogranin A, but most such tumors are +ve 
for CD56

• Currently no consensus as to whether one , two or 
three markers are used 

• Insulinoma associated protein 1 (INSM1) : promicing 
: nuclear staining (95% + in SCLC and 92% in LCNEC) 



Implication of accurate subtyping 
NSCLC on small biopsy

• Tyrosine kinase inhibitor(Gefitinib/Erlotinib/Afatinib) 
–adenocarcinoma with EGFR mutations

• Response to crizotinib/ newer drugs with ALK/ ROS 1 
rearrangement

• Adenocarcinoma or NSCLC NOS –more responsive to 
pemetrexed

• Squamous cell carcinoma more responsive to 
Gemcitabine + Platinum

• Life threatening hemorrhage with Bevacizumab in 
SCC 



Tsao et al. 2016



Arch Pathol Lab Med 2018 March ;142

Biomarker testing in NSCLC : Guidelines



Pre analytical variables

• Can use tissue biopsy or cytology specimen

• Fixation in 10 % neutral buffered formain

• Fixation time : 6- 24 hrs for biopsy  and 24-72 
hrs for resection specmen

• Decalcification : EDTA  can be used 

• In two block setting : one block for diagnosis, 
predictive IHC : ALK, ROS 1, PDL1; Second 
block : Molecular testing EGFR, NGS panel





Recommendation for EGFR testing

• EGFR mutation present in 22-65% of Indian 
NSCLC (adenocarcinoma)

• Deletion of exon 19 and exon 21 point 
mutation L858 R in 90% of EGFR mutation

• Mutation specific antibodies need further 
evaluation.(Clones :EP 344 & SP125)

• Preferred methods: ARMS PCR and NGS



32 somatic

Mutation at 

EGFR gene

Short arm 

of Ch 7

By ARMS 

PCR



ALK and ROS rearrangements
• Indian patients : 3-7 % ALK and 1-2% ROS 

rearrangement

• Preferred methods : for ALK :IHC, for ROS :FISH

• FDA approved Ventana ALK IHC assay with D5F3 
antibody clone  : good concordance with FISH











Invasive Breast Carcinoma

• IBC refers to large and heterogeneous group 
of malignant epithelial neoplasms of the 
glandular elements of the breast

• Most commonly diagnosed cancer in females

(accounting for 28% of all female cancer) and 
leading cause of cancer related death 



*Tumor showing special 

histological pattern 

In > 90% of tumor : special 

tumor type (eg. Lobular, 

mucinous, tubular etc)

*<10% special feature : IBC –

NST : most common





Synoptic reporting of breast Cancer

• Procedure

• Laterality

• Histologic Type

• Histologic grade

• Tumor size

• Tumor focality

• DCIS

• Lympho –vascular 
invasion

• Treatment effect

• Margins

• Regional Lymph node

• Distant Metastasis

• pTNM (AJCC 8th edition)

• Breast biomarkers

• ER, PR, HER2, Ki 67%





Total score                 Grade

3-5                                   I

6-7                                   II

8-9                                  III



Immunohistochemistry





The US Food and Drug  Administration (FDA) approved trastuzumab 

Deruxtecan (T-DXd, also known as fam-trastuzumab deruxtecan-nxki in the US)

 for the treatment of HER2-low mBC.





ascopubs.org

/journal/

jco on April 

19, 2022



ascopubs.org/journal/

jco on April 19, 2022



Emerging biomarkers

• Tumor infiltrating lymphocytes

• PD L1 testing

• uPA and PAI -1



<50% TILs associated with

High grade TB  and high lymph 

Node metastasis and poor 

prognosis

 Bandyopadhyay et al. Arch Breast 

Cancer 2023; 10,( 3) 







Carcinoma of colon and rectum

• CRC is a malignant epithelial tumor of colon or 
rectum showing glandular or mucinous 
differentiation.

• 4th most common cancer worldwide

• It ranks ninth among all cancers in Indian men 
and women



WHO classification (5th edition)

• Adenocarcinoma NOS

• Serrated adenocarcinoma 

• Micropapillary adenocarcinoma

• Adenoma like adenocarcinoma

• Mucinous adenocarcinoma

• Signet ring cell carcinoma

• Medullary carcinoma NOS

• Poorly Cohesive Carcinoma

• Adenosquamous carcinoma

• Undifferentiated Carcinoma



Circumferential exophytic tumor

Appearing like Napkin ring

Desmoplasia

Dirty necrosis







Tumor stage and high risk pathology features 
determine adjuvant therapy

• Poorly differentiated/ undifferentiated 
histology

• Lymphovascular invasion

• Bowel obstruction

• Perinural invasion

• Localised perforation

• Close/indeterminate positive margin

• High-tier tumor budding.



Ancillary workup

• Immunohistochemistry

• CK 20 +, CK 7 -, CDX2 +, SATB2 +

• Up to 20% of CRC may show CK 7 +/CK20-

Or  CK 7-/CK 20 – pattern specially MSI H tumors

• Medullary carcinomas : may be negative for 

CK 20 and CDX2.

• MMR IHC for MLH1, PMS2, MSH2, MSH 6

• HER2 testing

• PDL1 IHC



Recommended molecular test

• RAS mutation : 
Mutation of codons 
12,13 and 61 of KRAS 
and NRAS : lack of 
response to 
monoclonal 
antibodies against 
EGFR ( eg. cetuximab)

• MSI PCR/ MMR IHC

• BRAF V600E hot spot 
mutation

Arch Pathol Lab Med—Vol 141, May 2017



#15% sporadic CRC and 95% of HNPCC Syn ;overall 5% of CRC  







dMMR : MMR deficient =MSI H

4 IHC markers : MLH1, PMS2, MSH2,MSH6

pMMR: MMR proficient=MSS



Algorithm for Lynch syndrome screening in tissue

IHC testing :MLH1, PMS2, MSH2, MSH6

Normal IHC
Concurrent MLH1 &

PMS2 Loss

BRAF V600E 

mutation

+
Not Lynch Syndrome

Other pattern of

MMR pro loss by IHC

Germline mutational analysis

For Lynch Syndrome

-







Summary : 

• Molecular pathology developed as a branch

• You should have clear idea about:

• Which test to order?

• Indication/ utility/ Interpretation/ treatment 
guidelines

• Turn around time and reliability of the test and Lab

• Cost of the test

• Whether your patient can afford ?





THANK  YOU
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