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Replacements, supplemental IHC markers – why? 



Sensitivity and Specificity

Which IHC marker(s) has the 
highest sensitivity and specificity?

A NEW BIOMARKER



The antibody graveyard – CUP* - Colorectal carcinoma** markers

To stay Sensitivity Comments

CK20 Yes 80-95% MSI-H carc. can be neg. - Also seen in many other carcinomas

CDX2 Yes 80-95% MSI-H carc. can be neg. – Intestinal lineage marker 

mCEA ? 90-100% Not specific for CRC - Might be useful for gastric adenocarcinomas

Villin No 70-90% Less sensitive and less specific

SATB2 ”New” 75-90% Lower GI tract and rectal/appendiceal neuroendocrine tumours

Cadherin-17 ”New” 90-95% Publications indicate superior sensitivity comp. to CDX2 and not a lineage marker 

By both 97% & 88% sens. 
for MSS and MSI-H CRC

* CUP; Cancer of unknown primary origin ** CRC



The antibody graveyard – CUP - Colorectal carcinoma markers – Cadherin 17

Colon/Appendix Pancreas Kidney

Cadherin-17, also called 
liver-intestinal cadherin 
or human peptide 
transporter-1, is a 
member of the cadherin 
super-family and is a Ca2+-
dependent cell–cell 
adhesion molecule 
particularly expressed on 
intestinal epithelial cells



The antibody graveyard – CUP - Colorectal carcinoma markers – Cadherin 17

CDH17 Is a More Sensitive Marker for Gastric Adenocarcinoma Than CK20 and CDX2
David Altree-Tacha et al, Arch Pathol Lab Med. 2017;141:144–150



The antibody graveyard – CUP - Colorectal carcinoma markers – Cadherin 17

CDH17 Is a More Sensitive Marker for Gastric Adenocarcinoma Than CK20 and CDX2
David Altree-Tacha et al, Arch Pathol Lab Med. 2017;141:144–150



The antibody graveyard – CUP - Colorectal carcinoma markers – Cadherin 17

Cadherin-17 (CDH17) expression in human cancer: A tissue microarray study on 18,131 tumors
Frank Jacobsen et al, Pathology - Research and Practice 256 (2024) 155175 Candidate; clone MSVA-517M, MS Validated Antibodies



The antibody graveyard – CUP - Colorectal carcinoma markers – Cadherin 17

Cadherin-17 (CDH17) expression in human cancer: A tissue microarray study on 18,131 tumors
Frank Jacobsen et al, Pathology - Research and Practice 256 (2024) 155175 Candidate; clone MSVA-517M, MS Validated Antibodies



The antibody graveyard – CUP - Colorectal carcinoma markers – Cadherin 17

CDX2CAD-17

rmAb
SP183

1:100, 32M
CC1, 48M
OP-DAB
VMS Ultra



The antibody graveyard – CUP - Colorectal carcinoma markers – SATB2

Colon/Appendix Testis Tonsil (EP281 - Clone dependent)

SATB2 (special AT-rich 
sequenze binding protein 2) 
is a nuclear matrix 
attachment region-binding 
transcription factor with 
develop-mental role in 
craniofacial, neural, and 
osteoblastic differentiation.
Primarily expressed in GI 
tract but also other tissues 
as kidney, testis and brain.



The antibody graveyard – CUP - Colorectal carcinoma markers – SATB2

SATB2 Versus CDX2 - A Battle Royale for Diagnostic Supremacy in Mucinous Tumors
Arch Pathol Lab Med. 2019;143:1119–1125

CDX2 more sensitive for 
colorectal adenocarcinomas

SATB2 more specific for 
colorectal adenocarcinomas

Differential diagnosis of ovarian, 
lung or colorectal carc.

Intensity of SATB2/CDX2 staining was scored as;
negative, 0; weak, 1; moderate, 2; or strong, 3 
Percentage of tumor staining was scored as 
0; <5%, 1; 5%–49 and 2; ≥50%,



The antibody graveyard – CUP - Colorectal carcinoma markers – SATB2

“A rectal origin is suggested by morphology and can be 
confirmed with SATB2-positivity (strongly positive in nearly
all [96%] rectal NETs and never strongly expressed by 
pancreatic tumors); incidentally, SATB2 is also expressed by 
most (79%) appendiceal NETs”].



The antibody graveyard – CUP - Colorectal carcinoma markers – SATB2 – the Ab….

EP281 CL0276

Ab69995 HPA001042



The antibody graveyard – CUP - Colorectal carcinoma markers

CK20 and CDX2; the two primary markers for identification of colorectal (CRC) adenocarcinoma

Cadherin 17 might be superior to CK20 due to higher analytical sensitivty in metastatic lesions, but the wide
publication history of CK20 challenges the position of Cadherin 17 as primary marker – Cadherin 17 an ad-on?? 

SATB2 to used in the differential diagnosis of mucinous ovarian and CRC adenocarcinoma – superior to CDX2

Villin and mCEA of less diagnostic value for CRC

Novel biomarkers for the diagnosis and prognosis of colorectal cancer
Intest Res. 2020;18(2):168-183. Published online November 30, 2019
DOI: https://doi.org/10.5217/ir.2019.00080
Hyung-Hoon Oh et al.

https://doi.org/10.5217/ir.2019.00080
http://orcid.org/0000-0002-3323-495X


The antibody graveyard – Mesothelioma versus (lung-) adenocarcinoma

The accurate diagnosis of malignant pleural
mesothelioma (MPM) is essential for therapeutic and 
legal reasons. In 2006 and consolidated in 2020 the 
International Mesothelioma Panel advocated the use
of a panel, including two mesothelial and two
non-mesothelial immunohistochemical (IHC)markers.

Lung adenocarcinoma Mesothelioma
epithelial

Calretinin - +

CK5 - +

WT1 - +

EP-CAM + -*

CEA (+) -

TTF1 +

…….

http://orcid.org/0000-0002-3323-495X


The antibody graveyard – Mesothelioma – positive markers

To stay Sensitivity Comments

Calretinin Yes 85-95% Also seen in some carcinomas, but typically focal

CK5 Yes 90-95% Also seen in squamous cell carcinomas

WT1 Yes 85-95% Also seen in serous ovarian carcinomas

Thrombomodulin No 60-70% Less sensitive 

CA125 No 70-80% Less sensitive and less specific (breast carc., pancreas carc, ovarian serous carc. ….)

Mesothelin No 60-80% Less sensitive and less specific

Nolwenn Le Stang et al; 
Differential Diagnosis of Epithelioid Malignant Mesothelioma With Lung and Breast Pleural Metastasis: 
A Systematic Review Compared With a Standardized Panel of Antibodies—A New Proposal That May Influence Pathologic Practice. Arch Pathol Lab Med 1 April 2020; 144 (4): 446–456. 



To stay Sensitivity Comments

Calretinin Yes 85-95% Also seen in some carcinomas, but typically focal

CK5 Yes 90-95% Also seen in squamous cell carcinomas

WT1 Yes 85-95% Also seen in serous ovarian carcinomas

Uroplakin 3b NEW 80% Also seen in Urothelial carcinoma (15-60%) and Ovarian carc. (10%)

HEG1 NEW 85-95% High sensitivity in all mesothelioma subtypes - Also seen in few non-mesotheliomas

Thrombomodulin No 60-70% Less sensitive 

CA125 No 70-80% Less sensitive and less specific (breast carc., pancreas carc, ovarian serous carc. ….)

Mesothelin No 60-80% Less sensitive and less specific

The antibody graveyard – Mesothelioma – positive markers



The antibody graveyard – Mesothelioma – positive markers

Urothelial carcinoma, ovarian clear cell / 
serous type were also reported positive  



The antibody graveyard – Mesothelioma – positive markers

https://ms-validatedantibodies.com/product-gallery/cancer-tissue-gallery-uroplakin-3b/
https://ms-validatedantibodies.com/product-gallery/normal-tissue-gallery-uroplakin-3b/


The antibody graveyard – Mesothelioma – positive markers; HEG1 clone SKM9-2



The antibody graveyard – Mesothelioma – negative markers

To stay Sensitivity* Comments

EP-CAM – Ber-EP4 (Yes) 10-35% Less specific/selective due to increased analytical sensitivity with optimized protocols

EP-CAM – MOC31 (Yes) 10-35%
Less specific/selective due to increased analytical sensitivity with optimized protocols

mCEA ? 0% Less sensitive in adenocarcinomas – about 50-60% and thus neg result not conclusive

Claudin-4 Yes 0-5% Shown to be more reliably negative in mesotheliomas and thus preferred negative marker

* Positivity seen in mesotheliomas (epithelial subtype)

Typically 1-2 ”positive markers” in combination with 1-2 ”negative markers” used to differentiate mesothelioma and carcinoma

Lung adenocarcinoma Mesothelioma epithelial

Calretinin - +

CK5 - +

EP-CAM + -*

CEA (+) -



The antibody graveyard – Claudin 4

EP-CAM (EP4) Claudin 4 Calretinin

Mesothelioma

Lung adenocarcinoma

http://orcid.org/0000-0002-3323-495X


The antibody graveyard – Claudin 4 and HEG1; the magic combo for NSCLC vs mesothelioma

http://orcid.org/0000-0002-3323-495X


The antibody graveyard – Mesothelioma versus reactive mesothelial cells

To stay Sensitivity Comments

BAP1 New 60% BRAC1 associated protein; mutation in BAP1 gene seen in mesothelioma (app 60%) 

MTAP New 50% MTAP (methylthioadenosine phosphorylase); deficient expression seen in mesothelioma (app 50%)

Merlin New 50%
Merlin; protein encoded by NF-2 gene (neurofibromatosis 2); 
deficient expression seen in mesothelioma (app 50%)

Desmin No 50% About 50% of reactive mesothelial proliferations are Desmin negative – Mesotheliomas 95% neg

EMA No 60-80% ”3+ membrane reaction in mesothelial cells support mesothelioma” – not specific and protocol rel.



Colon/Appendix Tumour no mutation Mesothelioma + mutation

BRCA1-associated protein 
1 (BAP1) is a tumor 
suppressor gene that 
regulates several cellular 
functions such as 
chromatin remodeling, 
cellular differentiation, 
DNA damage response, 
growth suppression, and 
apoptosis. BAP1 loss due to 
gene mutation has 
emerged in recent years as 
a virtually 100% specific 
marker of malignancy in 
mesothelial proliferations

Clone C-4, Santa Cruz

Not beautiful, but ok☺

The antibody graveyard – Mesothelioma – BAP1



The antibody graveyard – Mesothelioma – BAP1



The antibody graveyard – Mesothelioma – BAP1 – NordiQC data

Mutation identified by negative IHC;

Internal positive tissue control essential!
”MMR similar”



The antibody graveyard – Mesothelioma – BAP1 – NordiQC data

Low affinity clones requiring “utmost highly sensitive” protocols



The antibody graveyard – Mesothelioma – MTAP

Adrenal gland Tumour no mutation Mesothelioma + mutation

Methylthioadenosine 
phosphorylase (MTAP), a 
purine metabolic enzyme, 
is abundant in normal 
tissues but deficient in 
many cancers including 
mesothelioma.
Reported as valuable to 
differentiate reactive 
mesothelium (positive) 
versus mesothelioma 
(negative in about 50%).
In panel with BAP1.

Clone EPR6893

Not beautiful, but ok☺



The antibody graveyard – Mesothelioma – MTAP

MS Validated antibodies

Rabbit monoclonal



The antibody graveyard – MTAP

IHC for MTAP ”forecast”;

Type I IHC assay for e.g. mesothelioma

Type II IHC assay for solid tumours



The antibody graveyard – Mesothelioma – Merlin

Merlin is the protein 
product of NF2 gene and 
one of the most versatile 
tumor suppressors 
capable of integrating 
different mechanisms that 
regulate cell 
proliferation, motility, 
survival and signaling 
pathways underlying and 
governing those 
mechanisms. Merlin is 
considered a member of 
the band 4.1 families of 
cytoskeleton-associated 
proteins also called ERM 
family and acts as tumor 
suppressor.



The antibody graveyard – Mesothelioma – Merlin

No NF2 gene mutation NF2 gene mutation (+/-50%)

Pleural mesothelioma 1 Pleural mesothelioma 2

Merlin expression in normal/reactive
mesothelial cells is characterized by weak to 
moderate membranous staining reaction
and/or as a granular cytoplasmic positivity.

IHC and NGS agreement; 77%

Clone D1D8, Cell Signaling.



The antibody graveyard – Neuroendocrine markers - general

To stay Sensitivity Comments

Chromogranin A Yes 50-85% Traditionally the most specific NE marker

Synaptophysin Yes 60-90% Superior sensitivity compared to CGA, but less specific

NSE No 60-70% ”Non Specific Enolase” instead of Neuron Specific Enolase

CD56 ? 70-90% Preferred by many pathologists due to increased sensitivity, but unspecific….

INSM1 New 85-95% Insulinoma-associated protein 1 

INSM1 is the best marker for the diagnosis of neuroendocrine tumors: comparison with CGA, SYP and CD56
Kosuke Fujino et al; Int J Clin Exp Pathol 2017;10(5):5393-5405

Immunohistochemistry in the diagnosis and classification of neuroendocrine neoplasms: what can brown do for you?
Andrew Bellizzi; Human Pathol 2020; Feb;96:8-33 



The antibody graveyard – Neuroendocrine markers - general

INSM1 SYP

Insulinoma-associated 
protein 1 (INSM1) is a 
transcription factor that 
has recently emerged as a 
useful diagnostic marker 
of NE differentiation. 
INSM1 expression has 
been tightly coupled to 
NE differentiation in 
normal and neoplastic 
tissues across a wide 
range of anatomic sites 
including pancreas, 
gastrointestinal tract, 
lung, central and 
peripheral nervous 
system.

Clone A-8, Santa Cruz
Most cited –

MRQ-70 CM new
MSVA-465R new
BSB-123 new…..

Colon

Pancreas



The antibody graveyard – Neuroendocrine markers - general

INSM1 is the best marker for the diagnosis of neuroendocrine tumors: comparison with CGA, SYP and CD56
Kosuke Fujino et al; Int J Clin Exp Pathol 2017;10(5):5393-5405

SCLC

NET
(Pancreas)



The antibody graveyard – Neuroendocrine markers

Diagnostic Value of Insulinoma-Associated Protein 1 (INSM1) and Comparison With Established Neuroendocrine Markers in Pulmonary Cancers: 
A Comprehensive Study and Review of the Literature. Johan Staff et al. Arch Pathol Lab Med (2020) 144 (9): 1075–1085

Carcinoid LCNEC SCLC

CD56

CGA

INSM1

SYP

Objective.—To determine the diagnostic value of
insulinoma-associated protein 1 (INSM1), in comparison
with established NE markers, in pulmonary tumors.

Design.—Fifty-four pulmonary NE tumors and 632
NSCLCs were stained for INSM1, CD56, chromogranin
A, and synaptophysin. In a subset, gene expression data
were available for analysis. Also, 419 metastases to the
lungs were stained for INSM1. A literature search
identified 39 additional studies with data on NE markers
in lung cancers from the last 15 years. Seven of these
included data on INSM1.



The antibody graveyard – Neuroendocrine markers

Diagnostic Value of Insulinoma-Associated Protein 1 (INSM1) and Comparison With Established Neuroendocrine Markers in Pulmonary Cancers: 
A Comprehensive Study and Review of the Literature. Johan Staff et al. Arch Pathol Lab Med (2020) 144 (9): 1075–1085



The antibody graveyard – Neuroendocrine markers

J. Mol. Pathol. 2022, 3, 140–167. https://doi.org/10.3390/jmp3030013

An extensive bibliographic search was conducted in PubMed® focusing on articles 
published since 2015 (n=14). 

According to the literature, INSM1 is a highly sensitive (75–100%) and specific (82–
100%) neuroendocrine immunohistochemical marker for SCLC diagnosis. 

It can be used in histological and cytological samples. Although advantageous, its 
standalone use is currently not recommended.

https://doi.org/10.3390/jmp3030013


The antibody graveyard – Neuroendocrine markers – INSM1 clone choice….



The antibody graveyard – markers for breast carcinoma with focus on TNBC

To stay Sensitivity Comments

GCDFP15 Yes 50-70% Highly specific for breast carcinoma

Mammaglobin Yes 40-60% Highly specific for breast carcinoma

ER No 80% Moderate to highly sensitive but not specific

GATA3 Yes 90-95%
Highly sensitive for ER+ breast carcinoma – 20-60% positivity in TNBC and metaplastic type
Low specificity – ”a selective marker”

TNBC

SOX10 ? 40-60% Moderately sensitive and specific (obs melanoma)

TRPS1* Yes 80-90% Highly sensitive and relatively highly specific for TNBC

* Trichorhinophalangeal syndrome type 1 (TRPS1) gene



The antibody graveyard – markers for breast carcinoma with focus on TNBC

Ai, D., Yao, J., Yang, F. et al. TRPS1: a highly sensitive and specific 
marker for breast carcinoma, especially for triple-negative breast 
cancer. Mod Pathol 34, 710–719 (2021).



The antibody graveyard – markers for breast carcinoma with focus on TNBC

Esther C. Yoon, Gang Wang, Bryce Parkinson, et Al.
TRPS1, GATA3, and SOX10 expression in triple-negative breast 
carcinoma. Human Pathology, Volume 125, 2022, Pages 97-107.rabbit polyclonal antibody against human TRPS1 (PA5-84874 from Invitrogen/Thermo Fisher Scientific)



The antibody graveyard – markers for breast carcinoma with focus on TNBC

Rayan Rammal et al. Utility of TRPS1 immunohistochemistry in confirming 
breast carcinoma Emphasis on staining in triple-negative breast cancers 
and gynecologic tumors. Am J Clin Pathol 2023;XX:1-10rabbit polyclonal antibody against human TRPS1 (PA5-84874 from Invitrogen/Thermo Fisher Scientific)

Conclusions:
TRPS1 stains approximately 90% of 
breast carcinomas but also up to 
71% of endometrial carcinomas, 
albeit with a weaker median 
expression. 

Our data show that although TRPS1 
is a highly sensitive marker for 
TNBCs, it is not as highly specific as 
previously reported.

pAb PA5-84874 most cited
rmAb EP392 potential
rmAb EPR16171 potential
rmAb MSVA-512R potential



The antibody graveyard – TRPS IHC assay optimization and validation…… ECP 2024



The antibody graveyard – TRPS IHC assay optimization and validation…… ECP 2024



The antibody graveyard – Potential new predictive IHC biomarkers

To come Indication Comments

Claudin 18.2 Yes GI, Pancreatic carc IHC based estimate on Claudin 18.2 expression – 75% cut-off potentially



The antibody graveyard – Potential new predictive IHC biomarkers – Gastric carcinoma



The antibody graveyard – Potential new predictive IHC biomarkers

Normal gastric epithelium positive
- Intestinal metaplasia weakly pos. 

75% positive cut-off + intensity 2+ (moderate) or 3+ (strong)

Gastric/Gastric esophageal junction/Pancreas carcinoma



The antibody graveyard – Potential new predictive IHC biomarkers

Astellas; Zolbetuximab
Approved 24.9.2024

Transcenta; Osemitamab

PD-L1 repeat….???

KEYTRUDA
NIVOLUMAB
TECENTRIQ
IMFINZI
….



The antibody graveyard – Claudin 18.2 - https://www.claudin182.com/ - Astellas

https://www.claudin182.com/


The antibody graveyard – Claudin 18.2 - https://www.claudin182.com/



The antibody graveyard – Claudin 18.2 - https://www.claudin182.com/

CLDN 18.2 positive and eligible
for Zolbexitumab;

75% cells positive with moderate 
to strong intensity

A kind of combined HER2 and   
PD-L1 scoring system… 



The antibody graveyard – Claudin 18.2 - https://www.claudin182.com/

Roche has the IHC asssay (43-14A) 
used by Astellas/researchers for 
studies on CLDN18.2 in GI cancers.

Agilent in partnership with 
Transcenta to launch a CLDN18.2 
assay as well (14G11 pharmDX)

No data on inter-assay
concordance…….   
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