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Private Information42-year-old man with cecal mass



Private InformationAE1/AE3 INSM1

CD45 (CD20, CD3)

ά!ƴŘǊŜǿΣ Ƴȅ ŘƛŦŦŜǊŜƴǘƛŀƭ ƛǎ ǎƳŀƭƭ ŎŜƭƭ ŎŀǊŎƛƴƻƳŀ ǾǎΦ 
ƭȅƳǇƘƻƳŀΦ L ŘƛŘ ΨŀƭƭΩ ǘƘŜ ǎǘŀƛƴǎΣ ŀƴŘ ǘƘŜȅΩǊŜ ƴŜƎŀǘƛǾŜΦ 
²Ƙŀǘ ǎƘƻǳƭŘ L Řƻ ƴƻǿΚέ 
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Prerequisites

ÅAge, Gender, Anatomic Location

ÅPrimary vs Metastasis

ÅScreening Markers (Keratin, CD45, SOX10, SALL4)

ÅDifferentiation Markers (everything else)

Å5ƻƴΩǘ ǎǘŀǊǘ ƻǊŘŜǊƛƴƎ ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴ ƳŀǊƪŜǊǎ ƛŦ 
ȅƻǳΩǊŜ ǳƴǎǳǊŜ ŀōƻǳǘ ǘƘŜ ōǊƻŀŘ ǘǳƳƻǊ Ŏƭŀǎǎ
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Outline

ÅTechnical aspects of IHC

ÅDiagnosis of Broad Tumor Class

ÅNon-Canonical Expression of Broad Tumor Class Markers

ÅIHC Workup of Small Round Blue Cell Tumor

ÅάLǘΩǎ aŜƭŀƴƻƳŀέ ŀƴŘ {-100 vs SOX10

ÅEverything Dedifferentiates 

ÅDiagnoses to Consider Before Busting on a                                       
ά¢ǊƛǇƭŜ-bŜƎŀǘƛǾŜέ aŀƭƛƎƴŀƴǘ bŜƻǇƭŀǎƳ

ÅApproach to Carcinoma Typing

Å²ƻǊƪ ¦Ǉ ƻŦ άDŀǊŘŜƴ ±ŀǊƛŜǘȅ AdCAέ tǊŜǎŜƴǘƛƴƎ ƛƴ ǘƘŜ [ƛǾŜǊ

ÅAdditional Site-Specific Approaches 



Private Information

Ki-67 Assay-Specific Differences: 
30-9-based assays demonstrate systematically higher 

proliferation indices
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Components of an IHC Assay

ÅAutostainer platform (Ventana, Leica, Dako, etc)

ÅAntigen retrieval (pH or enzymatic, temperature, time)

ÅPrimary antibody (clone, dilution)

ÅPrimary antibody incubation duration (temperature)

ÅDetection chemistry (1 or 2 step, duration)
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IHC is a Tissue-Based ELISA: 
Analytic Response Curves
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Estimated Annual Cancer Incidence Stratified 
by Broad Tumor Class

Tumor Type Estimated 
Annual 
Incidence

% of All 
Incident 
Cases

Carcinoma 1,335,410 80%

Hematolymphoid 174,250 10%

Melanoma 94,810 6%

Sarcoma 16,490 1%

Germ cell tumor 10,422 0.6%

Mesothelioma 3,300 0.2%

Pheochromocytoma/paraganglioma 2,608 0.2%

Other and unspecified primary sites 31,810 2%
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Broad Tumor Classes with Associated Screening Markers
Broad Tumor Class Screening Markers When to Consider Confirmatory Markers

Carcinoma Broad-spectrum keratin; 
EpCAM (i.e., MOC-31, 
Ber-EP4), EMA, claudin-4

Always See additional algorithms

Hematolymphoid CD45 (CD43) Always; re-consider in a 
άǘǊƛǇƭŜ-ƴŜƎŀǘƛǾŜέ ƴŜƻǇƭŀǎƳ

CD45-negative lymphoma panel: 
CD43, CD79a, MUM1, ALK, CD30

Melanoma SOX10 or S-100 Always Melan A, HMB-45, tyrosinase
Dedifferentiated: BRAF V600E, RAS Q61R

Sarcoma None Spindle cell morphology; tumor 
in mediastinum, 
retroperitoneum, paratestis, or 
somatic soft tissue

Unclassified malignant neoplasm in 
mediastinum, retroperitoneum, paratestis: 
MDM2/CDK4 (DDLPS)
Epithelioid neoplasm defying typing: 
ERG (angiosarcoma), INI1 (epithelioid sarcoma)
Last ditch effort: CD34 (rarely + in carcinoma)

Germ cell SALL4 or PLAP Tumor in mediastinum, 
retroperitoneum, or gonads; 
άǘǊƛǇƭŜ-ƴŜƎŀǘƛǾŜέ ƴŜƻǇƭŀǎƳΤ 
keratin-positive neoplasm 
defying typing/site of origin 
assignment

Seminoma: OCT4, KIT, D2-40
Embryonal carcinoma: OCT4, CD30, SOX2
Yolk sac tumor: AFP, glypican-3
Trophoblastic tumors: ̡-HCG, GATA-3, 
inhibin A, PD-L1

Mesothelioma None (diagnostic 
consideration in keratin-
positive tumor)

Tumor in the pleura or 
peritoneum

Lineage: calretinin, WT-1, D2-40, CK5/6 
ά/ŀƴŎŜǊ ǎǘŀƛƴǎέΥ .!tмΣ a¢!tΣ bCн (loss for each)

Pheochromocytoma/
Paraganglioma

None 9ǇƛǘƘŜƭƛƻƛŘ ƳƻǊǇƘƻƭƻƎȅΤ άǘǊƛǇƭŜ-
ƴŜƎŀǘƛǾŜ ƳŀƭƛƎƴŀƴǘ ƴŜƻǇƭŀǎƳέΤ 
general neuroendocrine 
marker-expressing tumor 
defying site of origin 
assignment

GATA-3, PHOX2B, tyrosine hydroxylase, 
SDHB (loss)
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Which Screening Keratin Should I Use?

ÅAE1/AE3-based assays are in widest clinical use

ÅCAM5.2 only recognizes low and 34E̡12 only recognizes high-
molecular-weight keratins, so these should not be used in isolation

Å It is not the number of keratins, per se, but rather the affinity that 
matters (e.g., CAM5.2 may be more sensitive than AE1/AE3 in HCC/RCC) 

ÅStratified epithelia: K1-6, 9-17

ÅSimple epithelia: 7, 8, 18, 19, 20 

 Ordóñez NG. Hum Pathol. 2013 Jul;44(7):1195-215.  

Clone 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

AE1/AE3 X X X X X X X X X X X X

MAK-6 X X X X X X

MNF116 X X X X

CAM5.2 X X

KL1 X X X X X X X X X X X

34̡ E12 X X X X
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Lǘ 5ƻŜǎƴΩǘ aŀǘǘŜǊ Iƻǿ aŀƴȅ YŜǊŀǘƛƴǎ ¸ƻǳǊ tŀƴ-
YŜǊŀǘƛƴ wŜŀŎǘǎ ǿƛǘƘ ƛŦ ƛǘ ƛǎƴΩǘ ²Ŝƭƭ-Optimized

Keratin AE1/AE3 in two different labs; liver A, D and kidney B, E
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Non-Canonical Expression of Broad Tumor Class Screening Markers

Marker Category Non-Canonical Expressors

Broad-Spectrum 
Epithelial Markers

Å Sarcomas with epithelioid cytomorphology, small round blue cell 
sarcomas, leiomyosarcoma (30-40% keratin and/or EMA-positive)

Å EMA-positivity in plasma cell neoplasms (most), ALCL (50-95%), DLBCL 
variants (T-cell/histiocyte-rich, ALK+, plasmablastic, primary effusion 
lymphoma), NLPHL, FDCS

Å Up to 25% of metastatic melanomas (keratin probably>EMA)
Å Embryonal carcinoma, yolk sac tumor, choriocarcinoma usually broad-

spectrum keratin-positive; seminoma rarely positive

Melanoma 
Markers

Å S-100 in 10-40% of carcinomas, especially salivary gland, breast, and 
cutaneous adnexal tumors (when using a polyclonal antibody)

Å SOX10 in tumors with myoepithelial differentiation, including most TNBC
Å Melan A (clone A103) in adrenal cortical tumors, sex-cord stromal tumors,                    

t(6;11) translocation renal cell carcinomas; clear cell sarcoma, PEComa
Å MiTF in cutaneous fibrohistiocytic lesions (e.g., dermatofibroma) and 

undifferentiated pleomorphic sarcoma 

Hematolymphoid 
Markers

Å ά/5пр bŜǾŜǊ [ƛŜǎέ
Å CD138 (syndecan-мύ ŜȄǇǊŜǎǎŜŘ ōȅ җпл҈ ƻŦ ŎŀǊŎƛƴƻƳŀǎ
Å CD5/CD7 frequently expressed by GI tract tumors
Å MUM1 expressed by nearly all melanomas                                                                       

(but not spindle cell/desmoplastic)
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Initial Panel in a Small Round Blue Cell Tumor
Marker Expressed by Also Expressed by

CD99 Ewing sarcoma Lymphoblastic lymphoma; 
mesenchymal chondrosarcoma

NKX2.2 Ewing sarcoma Olfactory neuroblastoma

Desmin Rhabdomyosarcoma; 
Desmoplastic small round cell tumor

Triton tumor

Myogenin Rhabdomyosarcoma (ARMS>>ERMS)Atrophic skeletal muscle

CD45 Lymphoma

TdT Lymphoblastic lymphoma

INSM1 
(CgA/Syn)

Neuroendocrine carcinoma; 
neuroblastoma; ?DSRCT

Extraskeletal myxoid chondrosarcoma

Pan-K Carcinoma;
Desmoplastic small round cell tumor

PD synovial sarcoma; occ. aberrantly 
expressed by sarcoma, melanoma 

SOX10 Melanoma, MPNST (<50%) Tumors with myoepithelial 
differentiation



Private InformationCD99 Lymphoblastic lymphoma
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Cƛƴŀƭ 5ƛŀƎƴƻǎŜǎ ƛƴ пм ά9ǿƛƴƎ-[ƛƪŜ {ŀǊŎƻƳŀǎέ ƛƴƛǘƛŀƭƭȅ ŦƻǳƴŘ 
to be negative/non-informative for EWSR1-rearrangement
Tumor Type Freq.* Diagnostic Markers

Ewing sarcoma 39% CD99, NKX2.2, EWSR1

CIC-rearranged 29% WT-1, ETV4, DUX4, CIC

BCOR-associated 13% BCOR, SATB2, BCOR, CCNB3, YWHAE

Neuroblastoma 8% CgA, Syn, INSM1, PHOX2B, TH, GATA-3

Malignant rhabdoid tumor 8% SMARCB1 (INI1)

Lymphoblastic lymphoma 4% TdT

Clear cell sarcoma 4% SOX10, EWSR1

Small cell carcinoma 4% INSM1, Rb, POU2F3

Rhabdomyosarcoma 4% Desmin, myogenin, FOXO1 (ARMS)

DSRCT 4% Pan-K, desmin, NSE, WT-1 (-COOH), EWSR1

MPNST 4% H3K27me3, SOX10

PD synovial sarcoma 4% SS18-SSX, SSX-C terminus, Pan-K, SS18

GIST 4% DOG1, KIT

SMARCA4-deficient sarcoma 4% SMARCA4 (BRG1)

EWSR1-non-ETS fusion sarcoma 2% CD99 (variable), EWSR1 (FUS)::NFATC2 or PATZ1

Machado I, et al. Ann Diagn Pathol. 2018 Jun;34:1-12. PMID: 29661713
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55-year-old woman with 
core biopsy of inguinal LN; 
r/o nerve sheath tumor

S-100

SOX10

Spindle cell melanoma
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S-100

H3K27me3

12-year-old with NF1 and 
recurrent tumor in L psoas

MPNST
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Melanoma Markers in Variants

Conventional Spindle Cell Desmoplastic

S-100 95% 91% 96%

SOX10 97% 100% 92%

Melan A 85% 44% 19%

HMB-45 85% 46% 9%

MiTF 89% 60% 9%

Tyrosinase 93% 46% 18%

MUM1 92% 67% 0%

BRAFV600E50% 31% 5%

Weissinger SE, et al. Mod Pathol. 2014 Apr;27(4):524-34. PMID: 24051699
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S-100 versus SOX10

Å Melanoma
Å Nerve sheath tumors
Å Neoplasms with myoepithelial 

differentiation

S-100+, SOX10+

S-100+, SOX10-

S-100-, SOX10+

S-100-, SOX10-

Å Some MPNSTs, melanomas, and 
carcinomas with myoepithelial 
differentiation (sensitivity issue)

Å Acinic cell carcinoma

Å Most carcinomas, sarcomas, lymphomas
Å Mesothelioma
Å Germ cell tumor
Å Pheochromocytoma/paraganglioma 

(though both expressed by sustentacular cells)

Å Tumors of adipocytic/chondroid lineage
Å Chordoma
Å Ossifying fibromyxoid tumor
Å Biphenotypic sinonasal sarcoma
Å Lipofibromatosis-like neural tumor
Å Infantile fibrosarcoma-like tumor
Å Rare cases of Ewing, RMS, SS
Å S-100+ carcinomas without myoepithelial 

differentiation (S-100A1 and/or S-100A6+)
Å S-100+ histiocytic/dendritic cell tumors 

(Langerhans cell histiocytosis, Rosai-Dorfman, 
interdigitating dendritic cell tumor (100%); histiocytic 
sarcoma, Erdheim-Chester, blastic plamacytoid 
dendritic cell tumor (30%); follicular dendritic cell 
sarcoma, juvenile xanthogranuloma (occ.) 

Polyclonal S-100 
(S-100B>>S-100A1>>S-100A6)
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Core biopsy from a 40 cm retroperitoneal tumor demonstrates 
undifferentiated neoplasm composed of sheets of epithelioid cells.
!ŦǘŜǊ ǇŜǊŦƻǊƳƛƴƎ мт ƛƳƳǳƴƻǎǘŀƛƴǎ ŀ ŘƛŀƎƴƻǎƛǎ ƻŦ άƳŀƭƛƎƴŀƴǘ ƴŜƻǇƭŀǎƳέ 
indeterminate for sarcoma, carcinoma, or lymphoma was rendered.
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Most consistent with dedifferentiated liposarcoma
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39-year-old man with large parotid mass. I inherited this case after an 
exhaustive immunopanel was performed. 
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