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Replacements, supplemental IHC markers – why? 



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% 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



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

CDX2CAD-17

rmAb
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The antibody graveyard – CUP* - Colorectal carcinoma markers – SATB2

Colon/Appendix Testis Tonsil

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, but the wide publication history of CK20 challenges the 
position of Cadherin 17 as primary marker

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

Villin and mCEA of less diagnostic value for CRC



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

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

Mesothelioma versus reactive mesothelial cells

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%)



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 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 run 65 2022

Mutation identified by negative IHC;

Internal positive tissue control essential!
”MMR similar”



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 – 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% Prefered 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 – Melanoma markers

To stay Sensitivity Comments

Mel. A Yes 80-95% Highly sensitive and specific (CUP, sentinel node and melanoma extension)

HMB45 Yes 75-90%
Moderate to high sensitivity and primarily used to differentiate nevi from melanoma
(HMB45 typically expressed in deeper parts in melanoma, while neg in nevi)

SOX10 YES 90-100%
Highly sensitive (incl desmoplastic) and specific (CUP, sentinel node and melanoma
extension)

S100 ? 90-100% Highly sensitive, moderate specificity causing challenges eg sentinel node

MITF No 70-90% Moderate to high sensitivity, reduced specificity

Tyrosinase No 75-90% Moderate to high sensitivity – out-performed by SOX10

PRAME New 90-95% Highly sensitive for melanoma and beneficial to differentiate nevi from melanoma



The antibody graveyard – Melanoma markers – SOX10 versus S100; the battle…

Sentinel lymph node 
(SLN) biopsy remains 
crucial for melanoma 
staging. The European 
Organisation for 
Research and Treatment 
of Cancer Melanoma 
Group recommends IHC 
for reproducible 
identification of 
melanoma metastases.
S100 standard for years, 
but give read-out 
challenges…

S100 and SOX10 similar
sensitivity for melanoma
in sentinel node
94-96% positive

S100 can give read-out 
challenges in node-
negative pts



The antibody graveyard – Melanoma markers – PRAME

Normal skin Testis Breast

Clone EPR20330, Abcam
mostly cited

New EP461, Cell Marque

PRAME (preferential 
expressed antigen in 
melanoma) is a member 
of the cancer testis 
antigen family that has 
normal expression in the 
testis, ovaries, adrenals, 
endometrium, and 
placenta. These proteins 
encode antigens that are 
subsequently recognized 
by T lymphocytes. 



The antibody graveyard – Melanoma markers – PRAME

PRAME Expression in Melanocytic Tumors
Cecilia Lezcano et al. Am J Surg Pathol 2018;42:1456–1465

”Diffuse nuclear immunoreactivity for PRAME was found in 87% of 
metastatic and 83.2% of primary melanomas.

Of the 140 cutaneous melanocytic nevi, 86.4% were completely
negative for PRAME. Immunoreactivity for PRAME was seen, albeit 
usually only in a minor subpopulation of lesional melanocytes, in 13.6% 
of cutaneous nevi, including dysplastic nevi, common acquired nevi, 
traumatized/recurrent nevi, and Spitz nevi.”

1;1-25%, 2;26-50%, 3;51-75%, 4;76-100%



The antibody graveyard – Melanoma markers – PRAME

PRAME Expression in Melanocytic Tumors
Cecilia Lezcano et al. Am J Surg Pathol 2018;42:1456–1465



The antibody graveyard – Melanoma markers – PRAME

PRAME Expression in Melanocytic Tumors
Cecilia Lezcano et al. Am J Surg Pathol 2018;42:1456–1465



The antibody graveyard – Melanoma markers – PRAME

Comparison of Immunohistochemistry for PRAME With Cytogenetic Test Results in the Evaluation
of Challenging Melanocytic Tumors. Cecilia Lezcano et al. Am J Surg Pathol 2020;44:893–900

Fluorescence in Situ Hybridization (FISH) Copy Number Abnormalities at 6p (RREB1), 
6q (MYB), and 11q (CCND1) Reliably Distinguish Metastatic Versus Benign Melanocytic Lesions
Hindi et al. J Dermatol Res Ther 2016, 2:017



The antibody graveyard – Sarcoma markers; Rhabdomyosarcoma and Ewing

To stay Sensitivity Comments

Myogenin Yes 60-80% Highly sensitive and specific for alveolar and embryonal rhabdomyosarcoma

MYOD1 No 40-70% Moderate sensitivity for rhabdomyosarcoma & enhanced cytoplasmic staining

PAX7 New
60-90%; Rhabdo.
90-95%; Ewing

Highly sensitive and ”specific” for the two different entities

NKX2.2 New 90-95% Highly sensitive and moderate to high specificity for Ewing

CD99 Yes 100% Sensitive for Ewing – but unspecific….



The antibody graveyard – Sarcoma markers; Rhabdomyosarcoma and PAX7

The PAX-7 transcription factor has 
important functions in myogenesis and 
early neural development, with a crucial 
role in specification and self-renewal of 
skeletal muscle tissue. The expression of 
PAX-7 is highly restricted in normal adult 
tissues in scattered satellite cells of the 
skeletal muscle and absent in both 
visceral smooth muscle and cardiac 
muscle as well as in most other non-
neoplastic tissues. 

PAX7 Expression in Rhabdomyosarcoma, Related Soft Tissue Tumors, and Small Round Blue Cell Neoplasms
Charville Gregory W. et al. The American Journal of Surgical Pathology: October 2016 - Volume 40 - Issue 10 - p 1305-1315



The antibody graveyard – Sarcoma markers; Rhabdomyosarcoma and PAX7

PAX7 Expression in Rhabdomyosarcoma, Related Soft Tissue Tumors, and Small Round Blue Cell Neoplasms
Charville Gregory W. et al. The American Journal of Surgical Pathology: October 2016 - Volume 40 - Issue 10 - p 1305-1315

MyoD1 Myogenin PAX7

ERMS 36,5% 75% 86%

ARMS 25% 81% 55%

Myogenin and PAX7 in panel;
Few cases PAX7 neg and Myogenin pos
Myogenin often only focal

ERMS; Embryonal rhabdomyosarcoma
ARMS; Alveolar rhabdomyosarcoma



The antibody graveyard – Sarcoma markers; Rhabdomyosarcoma and PAX7

PAX7 Expression in Rhabdomyosarcoma, Related Soft Tissue Tumors, and Small Round Blue Cell Neoplasms
Charville Gregory W. et al. The American Journal of Surgical Pathology: October 2016 - Volume 40 - Issue 10 - p 1305-1315

Myogenin and PAX7 in panel;
Few cases PAX7 neg and Myogenin pos
Myogenin often only focal



The antibody graveyard – Sarcoma markers; Rhabdomyosarcoma and PAX7

PAX7 Is a Sensitive Marker of Skeletal Muscle Differentiation in Rhabdomyosarcoma and Tumors With Rhabdomyosarcomatous Differentiation in the Female Genital Tract. 
Weiel, J. , Kokh, D. , Charville, G. & Longacre, T. International Journal of Gynecological Pathology, 2022; 41 (3), 235-243. 

“PAX7 should be used in combination
with other markers of skeletal muscle
differentiation, namely myogenin, 
and may be particularly helpful in
cases where myogenin and/or MyoD1
expression is limited”.



The antibody graveyard – Sarcoma markers; Ewing sarcoma and PAX7

PAX7 immunohistochemical evaluation of Ewing sarcoma and other small round cell tumours
Shunichi Toki et al. Histopathology 2018, 73, 645–652



The antibody graveyard – Sarcoma markers; Ewing sarcoma and NKX2.2

Evaluation of NKX2-2 expression in round cell sarcomas and other tumors with EWSR1 rearrangement: imperfect specificity 
for Ewing sarcoma. Yin P Hung et al. Modern Pathology (2016) 29, 370–380

”In summary, NKX2-2 is a sensitive but imperfectly specific marker for Ewing
sarcoma. Nonetheless, NKX2-2 may be helpful to distinguish Ewing sarcoma
from some histologic mimics including CIC-DUX4 and BCOR-CCNB3 sarcomas. 

Most other EWSR1-associated soft tissue tumors are negative for NKX2-2”.

Ewing
CD99; 100% - but unspec.
NKX2; 95% - more spec.

Fli-1; 90% - less spec.
PAX7; 95% - role?



The antibody graveyard – Sarcoma markers; Classical and Next Generation IHC Markers

Inspired by the lecture by Dr  Jason Hornick, USCAP 2019
The Evolution of Immunohistochemistry for soft tissue tumors – From differentiation to molecular genetics

Limited biopsies of soft tissue tumors: the contemporary role of immunohistochemistry and molecular diagnostics
Jason Hornick, Modern Pathology (2019) 32:S27–S37

Classical IHC markers Diagnosis

ASMA, Desmin Leiomyosarcoma

Myogenin, Desmin Rhabdomyosarcoma

CD31, ERG, FLI-1 Angiosarcoma

CD117, DOG-1 Gastrointestinal stromal tumor 

CD99, NKX2.2, FISH Ewing sarcoma

Next Generation IHC Markers

ALK H3K27me3 RB1

Beta-Catenin MDM2 ROS1

BCOR MUC4 SDHB

CAMTA1 MYC SMARCA4

CCNB3 NKX2.2 SMARCB1

CDK4 PAX3 STAT6

ETV4 PAX7 TLE1

FOSB PDGFRA TRK

Next Generation IHC Markers represent
molecular genetic alterations giving a ”protein 
footprint! 



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% Moderately sensitive but nor specific

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

TNBC

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

TPRS1* 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).




