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What I want you to Remember 
From this Lecture
• Age, Gender, Anatomic Location

• Primary vs Metastasis

• Screening Markers (Keratin, CD45, SOX10, SALL4)

• Differentiation Markers (everything else)

• Don’t start ordering differentiation markers if 
you’re unsure about the broad tumor class

• Don’t be a hero: use work aids; show a colleague



Don’t Be Penny Wise and Pound Foolish

• Divide tumor biopsies into (at least) 2 blocks
• Every biopsy is a potential molecular specimen
• Reserve 1 best block for molecular testing
• When ordering IHC cut extra unstained up front



Outline

• Screening Markers for Broad Tumor Classes

• Non-Canonical Expression of Broad Tumor Class Markers

• Everything Dedifferentiates 

• IHC Workup of Small Round Blue Cell Sarcoma

• RNA Fusion Profiling

• Gene Expression Profiling for Tumor of Uncertain 
Lineage/Carcinoma of Unknown Primary 



Diagnosis of Broad Tumor Class



Morphologic “Boxes”

• Spindle cell (sarcoma, sarcomatoid carcinoma)

• Anaplastic (anything)

• Round cell (lymphoma, sarcoma)

• Epithelioid (carcinoma, melanoma)

• Monomorphic

• Pleomorphic



Spindle cell Anaplastic

Round cell Epithelioid



Pattern Principal Diagnostic
Considerations

Initial Screening Panel

Epithelioid Carcinoma, melanoma,     
large cell lymphoma

Broad-spectrum keratin, 
CD45, SOX10

Round cell Round cell sarcoma, 
lymphoma, small cell 
carcinoma

CD99, NKX2.2, desmin, 
myogenin, CD45, TdT, 
INSM1, broad-spectrum 
keratin, SOX10

Spindle cell Sarcomatoid carcinoma, 
sarcoma, spindle 
cell/desmoplastic
melanoma

Broad-spectrum keratin, 
p40, SMSA, desmin, SOX10

Anaplastic Anything
(usually not lymphoma)

Broad-spectrum keratin, 
CD45, SOX10



Monomorphic Pleomorphic

Clear cell sarcoma Melanoma



Monomorphic vs Pleomorphic: 
Application to Differential Diagnosis

Monomorphic
• Clear cell sarcoma

• Burkitt lymphoma

• Mesothelioma                          
(epithelioid or sarcomatoid)

• Prostate cancer

• GIST

• Ewing sarcoma

• Synovial sarcoma

• INI1-deficient tumors

• Follicular dendritic cell tumors

Pleomorphic
• Melanoma

• DLBCL

• Adenocarcinoma (esp. 
serous and pancreatic)

• Urothelial carcinoma

• Sarcomatoid carcinoma

• CIC and BCOR sarcoma



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 Always; re-consider in a 
“triple-negative” neoplasm

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

Melanoma SOX10 or S-100 Always Melan A, HMB-45, tyrosinase, BRAF V600E

Sarcoma None Spindle cell morphology; tumor 
in mediastinum, 
retroperitoneum, 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; 
“triple-negative” neoplasm; 
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: β-HCG, GATA-3, 
inhibin A, PD-L1

Mesothelioma None (diagnostic 
consideration in keratin-
positive tumor)

Tumor in the pleura or 
peritoneum

Calretinin, WT-1, D2-40, CK5/6, BAP1 (loss)

Pheochromocytoma/
Paraganglioma

None Epithelioid morphology; “triple-
negative malignant neoplasm”; 
general neuroendocrine 
marker-expressing tumor 
defying site of origin 
assignment

GATA-3, PHOX2B, tyrosine hydroxylase, 
SDHB (loss)



Vimentin Vimentin

Burkitt lymphomaMelanoma



Which Screening Keratin Should I Use?

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

OSCAR 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

34βE12 X X X X

• In general, any of these are acceptable

• It’s not the number of keratins, per se, but rather the affinity 
(e.g., CAM5.2 vs AE1/AE3 in HCC/RCC) 

• Stratified epithelia: K1-6, 9-17

• Simple epithelia: 7, 8, 18, 19, 20 
Ordóñez NG. Hum Pathol. 2013 Jul;44(7):1195-215.  



It Doesn’t Matter How Many Keratins Your Pan-
Keratin Reacts with if it isn’t Well-Optimized

Keratin AE1/AE3 in two different labs; liver A, D and kidney B, E





Don’t Diagnose with One Hand Tied Behind Your Back



If at first you don’t succeed

EMA: my least favorite broad-spectrum epithelial 

marker; expressed by plasma cells here; often 
positive in LCA-negative lymphomas 
(plasmacytomas; ALCL, plasmablastic lymphoma)  



Keratin AE1/AE3 Pan-keratin

MOC-31Ber-EP4

Try, Try Again



But not with E-cadherin

E-cadherinSOX10

Because this is melanoma





78-year-old man p/w word-finding difficulty: L temporal lobe mass



Pan-keratin S-100

Dr. Bellizzi, what kind of S-100-positive carcinoma is this?



S-100 Expression in Adenocarcinoma
Primary Tumors Metastatic Tumors 

Salivary gland 80% (n=15) 75% (n=4)

Lung 7% (n=27) 12% (n=25)

Breast 60% (n=20) 62% (n=8)

Esophagus 0% (n=8) 0% (n=2)

Stomach 20% (n=10) 25% (n=8)

Gallbladder 0% (n=1) 0% (n=1)

Colorectum 25% (n=28) 23% (n=13)

Pancreas 0% (n=8) 0% (n=5)

Kidney 65% (n=23) 66% (n=3)

Endometrium 78% (n=36) 64% (n=14)

Ovary 84% (n=24) 87% (n=22)

Prostate 0% (n=27) 0% (n=8)

Unknown origin 22% (n=9)

Total 43% (n=228) 39% (n=122)

Herrera GA, et al. Am J Clin Pathol. 1988 Feb;89(2):168-76. 



MiTF

Melan A (A103)

HMB-45

The melanoma kind



Broad-Spectrum Epithelial Marker Expression in Melanoma

E-cadherin
% positive
(median H-score)

EMA
% positive
(median H-score)

AE1/AE3
% positive
(median H-score)

Primary 
(n=137)

77%
(80)

18%
(17)

7%
(23)

Metastasis 
(n=139)

74%
(112)

14%
(7)

10%
(20)

MOC-31 and Ber-EP4 were uniformly negative



When Two Broad Tumor Class 
Screening Markers are at Odds 
(more generally, when markers for both of the entities in your 

differential are expressed):

• You have to solve the differential diagnosis

• The stronger marker often wins



73-year-old man with large naval cavity mass. This case was referred by
a former trainee. Her morphologic impression was melanoma and her
immunopanel included a broad-spectrum keratin, S-100, and melan A





CD45

Pan-keratin 

S-100



My smarty pants fellow thought this might be a SMARCB1-
deficient sinonasal carcinoma, but INI1 was intact

EMA 



MUM1 

LambdaKappa 

CD138

Anaplastic plasma cell neoplasm



EMA+ Only: Beware

EMA-Positive 
Hematolymphoid Neoplasms

LCA-Weak to Negative
Hematolymphoid Neoplasms

Lymphoblastic leukemia/lymphoma

Classical Hodgkin lymphoma

Plasma cell neoplasm Plasma cell neoplasm

Plasmablastic lymphoma Plasmablastic lymphoma

Anaplastic large cell lymphoma Anaplastic large cell lymphoma

ALK+ DLBCL ALK+ DLBCL

Follicular dendritic cell sarcoma Follicular dendritic cell sarcoma

T-cell/histiocyte rich DLBCL

Primary effusion lymphoma



63-year-old man with increasing hip pain x 1 month; 
proximal femur lesion with soft tissue extension



Undifferentiated Malignant Neoplasm 
with Osteoclast-like Giant Cells

• Undifferentiated/anaplastic carcinoma
• Keratin AE1/AE3

• CDX2, PAX8, TTF-1

• Osteosarcoma
• SATB2

• Leiomyosarcoma
• Desmin, SMA, caldesmon



Keratin AE1/AE3+ (desmin, SMA -)
Conclusion: Favor undifferentiated carcinoma



Musculoskeletal radiologist sug. presence of chondroid matrix (MRI);
Subsequent femoral head resection for pathologic fracture



Abrupt transition from WD chondrosarcoma to undifferentiated 
neoplasm → dedifferentiated chondrosarcoma 



Keratin-Positive Soft Tissue Tumors

• Chondroid lipoma

• Pleomorphic liposarcoma

• Desmoplastic fibroblastoma

• Solitary fibrous tumor

• Inflammatory myofibroblastic tumor

• Myxoinflammatory fibroblastic sarcoma

• Leiomyosarcoma

• Rhabdomyosarcoma

• Schwannoma (cross-reactivity with GFAP)

• Epithelioid hemangioma

• Pseudomyogenic hemangioendothelioma

• Epithelioid hemangioendothelioma

• Angiosarcoma

• Gastrointestinal stromal tumor

• Sclerosing perineurioma

• Dermal nerve sheath myxoma

• Epithelioid MPNST
• Ectopic hamartomatous thymoma
• Ossifying fibromyxoid tumor
• Myoepithelial tumors of soft tissue
• Synovial sarcoma
• Epithelioid sarcoma
• Desmoplastic small round cell tumor
• Extrarenal rhabdoid tumor
• Undifferentiated/unclassified sarcoma
• Chondroblastoma
• Dedifferentiated chondrosarcoma
• Conventional osteosarcoma
• Ewing sarcoma
• Chordoma
• Adamantinoma
• Osteofibrous dysplasia



EMA-Positive Soft Tissue Tumors

• Pleomorphic liposarcoma
• Calcifying aponeurotic fibroma
• Lipofibromatosis
• Dermatofibrosarcoma protuberans
• Solitary fibrous tumor
• Low-grade fibromyxoid sarcoma
• Sclerosing epithelioid fibrosarcoma
• Leiomyosarcoma
• Pleomorphic rhabdomyosarcoma
• Epithelioid hemangioma
• Epithelioid hemangioendothelioma
• Angiosarcoma
• Neurofibroma
• Perineurioma
• Dermal nerve sheath myxoma

• Solitary circumscribed neuroma
• Meningioma
• Hybrid nerve sheath tumor
• Acral fibromyxoma
• Angiomatoid fibrous histiocytoma
• Myoepithelial tumors of soft tissue
• Synovial sarcoma
• Epithelioid sarcoma
• Desmoplastic small round cell tumor
• Extrarenal rhabdoid tumor
• Undifferentiated/unclassified sarcoma
• Conventional osteosarcoma
• Chordoma
• Epithelioid hemangioma
• Adamantinoma



Non-Canonical Expression of Broad Tumor Class Screening Markers

Marker Category Non-Canonical Expressors

Broad-Spectrum 
Epithelial Markers

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

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

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

spectrum keratin-positive; seminoma rarely positive

Melanoma 
Markers

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

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

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

undifferentiated pleomorphic sarcoma

Hematolymphoid 
Markers

• “CD45 Never Lies”
• CD138 (syndecan-1) expressed by ≥40% of carcinomas
• CD5/CD7 frequently expressed by GI tract tumors
• MUM1 expressed by nearly all melanomas                                                                       

(but not spindle cell/desmoplastic)



55-year-old woman with 
core biopsy of inguinal LN; 
r/o nerve sheath tumor

S-100

SOX10

Spindle cell melanoma



S-100

H3K27me3

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

MPNST



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%

Tryrosinase 93% 46% 18%

MUM1 92% 67% 0%

BRAFV600E 50% 31% 5%

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



S-100 versus SOX10

• Melanoma
• Nerve Sheath Tumors
• Neoplasms with myoepithelial 

differentiation

S-100+, SOX10+

S-100+, SOX10-

S-100-, SOX10+

S-100-, SOX10-

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

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

(though both exp. By sustentacular cells)

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

differentiation (S-100A1,  S-100A6-exp.)
• S-100+ histiocytic/dendritic cell tumors 

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

Polyclonal S-100 
(S100B>>S100A1>>S100A6)





Core biopsy from a 40 cm retroperitoneal tumor demonstrates 
undifferentiated neoplasm composed of sheets of epithelioid cells.
After performing 17 immunostains a diagnosis of “malignant neoplasm” 
indeterminate for sarcoma, carcinoma, or lymphoma was rendered.



MDM2, CDK4

Most consistent with dedifferentiated liposarcoma



Resection of similar case

Abrupt transition

Well-differentiated component

Dedifferentiated component



68-year-old woman with large left kidney tumor (12 cm)







CK7 (>95%), CK20 (50%)

GATA-3 (80%)

EMA (>95%)

High-grade component 
involved renal pelvis

Original Dx: Clear cell RCC and 
Urothelial Carcinoma



SMRCC1

ARID1A Courtesy of Abbas Agaimy

PAX8

INI1



Inactivation of SWI/SNF Subunits is 
Ubiquitous in Cancer and is often seen in 

Dedifferentiated Carcinoma
• SWItch/Sucrose Non-

Fermentable
• SMARCxy=SWI/SNF-related 

matrix-associated actin-
dependent regulator of 
chromatin subfamily x 
member y

• Catalytic ATPase subunits
– SMARCA4 (BRG1)
– SMARCA2 (BRM)

• Core subunits
– SMARCB1 (INI1)
– SMARCC1 
– SMARCC2

• Lineage-restricted subunits

Wang X, et al. Clin Cancer Res. 2014 Jan 1;20(1):21-7. PMID: 24122795



SWI/SNF Inactivation Underlies 
Diverse Tumor Types

INI1 (SMARCB1)-Inactivated Tumors

Malignant rhabdoid tumor (100%)

Epithelioid sarcoma (90%)

Renal medullary carcinoma (90%)

Epithelioid MPNST (70%)

Epithelioid schwannoma (40%)

Myoepithelial carcinoma (10-40%)

Extraskeletal myxoid chondrosarcoma (20%)

Poorly differentiated chordoma (100%)

INI1-inactivated carcinoma*



Frequency of SWI/SNF Inactivation

Kadoch C, et al. Nat Genet. 2013 Jun;45(6):592-601. PMID: 23644491
Shain AJ, Pollack JR. PLoS One. 2013;8(1):e55119. PMID: 23355908

SWI/SNF inactivation found to 
be a molecular genetic 
underpinning of 
undifferentiated/rhabdoid 
carcinomas of:
• Ovary (SCCHT)
• Sinonasal tract (SNUC)
• Lung
• Tubal gut
• Kidney
• Bladder
• Endometrium



SMARCA4 (BRG1)



39-year-old man with large parotid mass. I inherited this case after an
exhaustive immunopanel was performed.





Undifferentiated Malignant Neoplasm with 
Osteoclast-like Giant Cells

• Undifferentiated/anaplastic carcinoma

–Keratin AE1/AE3

–CDX2, PAX8, TTF-1

• Osteosarcoma

–SATB2

• Leiomyosarcoma

–Desmin, SMA, caldesmon



SATB2 



SOX10



SOX10 SOX10



BRAF V600E 

Dedifferentiated melanoma?







SOX10 



Everything Can Dedifferentiate!



State of Differentiation Tumor Type Mechanism 
(Unknown for most)

Dedifferentiation Sarcoma, carcinoma, 
melanoma

MSI-H, SWI-SNFi
(carcinoma)

Undifferentiated Carcinoma, sarcoma MSI-H (carcinoma)

High-grade transformation Lymphoma p53, MYC

Grade progression Carcinoma, sarcoma, 
lymphoma 

Divergent differentiation Carcinoma (sarcomatoid 
carcinoma, MiNEN)

Transdifferentiation Lymphoma, carcinoma

Dynamic Differentiation States Leading to 
Diagnostic Uncertainty





61-year-old man 1-year s/p kidney 
transplant with large abdominal 
mass (perigastric/retroperitoneal) p40

Keratin AE1/AE3

Tumor did NOT express CgA, 
synaptophysin, PSA, PSAP, GATA-3, 
TTF-1; KIT, DOG1, or CK5/6

Diagnosis: Poorly differentiated 
carcinoma with squamous features



Patient was rebiopsied for PD-L1 (negative), MMR (intact), and 
HER2 (negative) testing; additional diagnostic IHC was performed 
and tumor did NOT express CK7, CK20, CDX2, CDH17, HepPar1,              
glypican-3, inhibin A, calretinin, CD30, SALL4, or NUT



Based on this appearance 
I recommended CD99, desmin, 
myogenin, NSE, Rb, SATB2, WT-1 

Desmin

NSE

EWSR1-WT1 rearrangement detected on NGS, confirming the diagnosis: 

Desmoplastic small round cell tumor



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



Final Diagnoses in 41 “Ewing-Like Sarcomas” initially found 
to be negative/non-informative for EWSR1-rearrangement

Tumor Type Freq.* Diagnostic Markers

Ewing sarcoma 41% 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% INI1 (SMARCB1)

Lymphoblastic lymphoma 4% TdT

Clear cell sarcoma 4% SOX10, EWSR1

Small cell carcinoma 4% INSM1

Rhabdomyosarcoma 4% Desmin, myogenin, FOXO1 (ARMS)

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

MPNST 4% H3K27me3, SOX10

PD synovial sarcoma 4% TLE1, Pan-K, SS18

GIST 4% DOG1, KIT

SMARCA4-deficient sarc. 4% BRG1 (SMARCA4)

Machado I, et al. Ann Diagn Pathol. 2018 Jun;34:1-12. PMID: 29661713





Gene Tumor Gene Tumor

ALK Inflammatory myofibroblastic tumor; epithelioid fibrous 
histiocytoma

NCOA2 Mesenchymal chondrosarcoma; 
angiofibroma of soft tissue; uterine tumor 
resembling ovarian sex cord tumor (rare)

CAMTA1 Epithelioid hemangioendothelioma NTRK3 Infantile fibrosarcoma; congenital 
mesoblastic nephroma

CCNB3 BCOR-rearranged sarcoma; clear cell sarcoma of kidney; PDGFB Giant cell fibroblastoma; 
dermatofibrosarcoma protuberans

CIC CIC-rearranged sarcoma PLAG1 Lipoblastoma; myoepithelioma of soft 
tissue; myxoid leiomyosarcoma                 

EPC1 Low-grade endometrial stromal sarcoma (rare); ossifying 
fibromyxoid tumor (rare) ROS1 Inflammatory myofibroblastic tumor

EWSR1 Ewing sarcoma; clear cell sarcoma; desmoplastic small round 
cell tumor; angiomatoid fibrous histiocytoma; myoepithelial 
tumors of soft tissue; extraskeletal myxoid chondrosarcoma; 
myxoid liposarcoma; sclerosing epithelioid fibrosarcoma  

SS18
Synovial sarcoma

FOXO1 Alveolar rhabdomyosarcoma STAT6 Solitary fibrous tumor

FUS Myxoid liposarcoma; low-grade fibromyxoid sarcoma; 
sclerosing epithelioid fibrosarcoma; Ewing sarcoma; 
angiomatoid fibrous histiocytoma; extraskeletal myxoid 
chondrosarcoma

TFE3 Alveolar soft part sarcoma; PEComa; 
epithelioid hemangioendothelioma; 
ossifying fibromyxoid tumor

GLI1 Plexiform fibromyxoma; gastroblastoma; 
pericytoma with t(7;12)  TCF12 Extraskeletal myxoid chondrosarcoma

HMGA2 Lipoma; deep angiomyxoma TAF15 Extraskeletal myxoid chondrosarcoma

JAZF1 Endometrial stromal nodule; low-grade endometrial stromal 
sarcoma 

TFG Extraskeletal myxoid chondrosarcoma; 
inflammatory myofibroblastic tumor

MEAF6 Low-grade endometrial stromal sarcoma (rare); ossifying 
fibromyxoid tumor (rare)

USP6 Nodular fasciitis; aneurysmal bone cyst; 
fibro-osseus pseudotumor of digits; myositis 
ossificans  

MKL2 Chrondroid lipoma; Ectomesenchymal chrondromyxoid tumor YWHAE High-grade endometrial stromal sarcoma; 
YWHAE-rearranged sarcoma



69-year-old with abdominal discomfort found to have peritoneal discomfort



CK7+; CK20, CDX2, TTF-1, 
GATA-3, PAX8, calretinin, 
(SATB2, ER, albumin ISH,) 
pan-TRK, PD-L1-

“Possible primary sites include but are not limited to lung, breast, upper GI, 
and pancreatobiliary; clinical and radiographic correlation is needed”



What Happens When We Abdicate Responsibility

• “The tumor was sent 
for genetic testing that 
returned an ovarian 
origin at >90% 
probability.”

• “The patient has been 
receiving neoadjuvant 
carboplatin/taxol”



I requested a block for SMAD4 and MMR IHC







Biotheranostics CancerTYPE ID

• Real time reverse-transcriptase PCR assay analyzing 
87 tumor-associated and 5 reference genes

• Recognizes 54 tumor types 
• One of the tumor types is “sarcoma”

• There are 113 distinct soft tissue neoplasms

• Compares gene expression to a reference database                    
of >2,000 tumors

• Provides a probability score based on closeness                            
of match

• Sample: FFPE – same as for IHC



Development of Cancer Type ID

• Started with 22,000-gene microarray

• 578 tumors from 39 tumor types

• Biostatistical methods to arrive at a “compact” 
classifier (wanted to work with a 96-well plate)

• All genes in classifier expressed by multiple tumor 
types (no magic bullets)

Ma XJ, et al. Arch Pathol Lab Med. 2006;130:465-473. 







Performance of CancerTYPE ID

Kerr SE, et al. Clin Cancer Res. 2012;18(14):3952-3960. 

Exclusions
• Dx not in 

assay panel
• Necrosis
• Decalcified



Performance of CancerTYPE ID
• 790 well-vetted diagnoses (based on clinicopathologic 

correlation, agreed upon by 3 study pathologists)

• Sensitivity 87%, specificity 96+% for tumor type

Anatomic Site Sensitivity

Endometrium 48%

Bladder 64%

GEA 65%

Cervix AdCA 72%



“A pathologist looking down the 
barrel of a light microscope at an 

H&E-stained slide is doing 
‘subcortical integrative genomics.’”

Steven Mentzer, MD

Division of Thoracic Surgery

Brigham and Women’s Hospital



Fourteen Diagnoses to Consider Before Busting on a 
“Triple-Negative” Malignant Neoplasm

Tumor Type Additional Diagnostic Markers

Sarcomatoid carcinoma Add’l broad-spectrum epithelial markers, including 
HMW-keratin; p40

Poorly differentiated neuroendocrine ca Chromogranin A, synaptophysin, INSM1, TTF-1, Rb

Adrenal cortical carcinoma SF1, melan A, synaptophysin, calretinin, inhibin A

Sarcoma MDM2/CDK4 (esp. undiff. malignant neoplasm); SMA,
desmin; CD34 (rarely expressed by carcinoma); add’l
dictated by histology

Gastrointestinal stromal tumor DOG1, KIT

Follicular dendritic cell sarcoma CD21, CD23, CD35

Acute lymphoblastic leukemia/lymphoma TdT, CD34, CD43

ALK-positive large cell lymphoma ALK, CD30

Plasma cell neoplasm (anaplastic) CD79a, CD138, MUM1, kappa/lambda light chains

Classical Hodgkin lymphoma CD30, CD15, PAX5

Plasmablastic lymphoma CD79a, CD138, MUM1, EBV EBER

Melanoma (dedifferentiated) BRAF V600E; ?melan A, HMB-45

Germ cell tumor SALL4 or PLAP

Pheochromocytoma/paraganglioma Chromogranin A, synaptophysin, INSM1, GATA-3



Pearls of Pathology

• Next-generation immunostains include lineage-restricted 
transcription factors, protein correlates of molecular genetic 
events and/or lineage-restricted transcription factors

• Broad-spectrum keratin/CD45/S-100 (though I prefer SOX10) 
has stood the test of time as the screening pattern in most 
“undifferentiated malignant neoplasms”

• Broad tumor classes include carcinoma, lymphoma, 
melanoma, and sarcoma BUT ALSO germ cell tumor, 
mesothelioma, and pheochromocytoma/paraganglioma

• Non-canonical expression of broad tumor class screening 
markers leads to diagnostic confusion

• Broad-spectrum epithelial markers are often expressed by 
sarcomas, especially those with epithelioid cytomorphology 
and occ. by small round blue cell sarcomas.



Pearls of Pathology

• “EMA+ only” (i.e., keratin and CD45-negative) 
lymphomas may be mistaken for carcinoma

• Melanomas are occasionally broad-spectrum keratin 
and/or EMA-positive (though EPCAM-negative)

• Most germ cell tumors (excluding seminoma) are 
broad-spectrum-epithelial marker-positive

• S-100 is sometimes expressed by carcinomas, while 
SOX10-expression appears restricted to carcinomas 
with myoepithelial differentiation 

• MPNST is S-100/SOX10 weak-to-negative

• Spindle cell melanoma is often negative for 
melanoma “differentiation markers”



Pearls of Pathology

• Initial panel in a small round blue cell tumor to 
include: CD99, desmin, myogenin, TdT, INSM1, pan-
keratin, SOX10

• Novel small round blue cell sarcoma markers include 
NKX2.2 (Ewing sarcoma), WT-1 (CIC-rearranged 
sarcoma), and BCOR or SATB2 (BCOR-associated)  

• Tumors of every broad class can dedifferentiate 

• Consider dedifferentiated liposarcoma (DDLPS) when 
facing an undifferentiated malignant neoplasm in the 
retroperitoneum, mediastinum, or paratestis

• Carcinomas with undifferentiated/rhabdoid 
cytomorphology occasionally demonstrate 
inactivation of one or more SWI/SNF subunits 



Pearls of Pathology

• Most “stains I hate” are tumor-associated 
glycoproteins that have been supplanted by lineage-
restricted transcription factors

• (pan)p63 is frequently expressed by adenocarcinomas 
and lymphomas; p40 is the clearly superior marker of 
squamous, urothelial, and myoepithelial 
differentiation  

• Vimentin . . . Boo Hiss . . . 

• Broad-spectrum-keratin/CD45/S-100 “triple-
negative” neoplasms include several “can’t miss” 
diagnoses, including seminoma (SALL4+), lymphomas 
(lymphoblastic lymphoma, Tdt+; several “EMA+ only” 
lymphomas, panel to include CD43, CD79a, MUM1, 
ALK, CD30), and neuroendocrine carcinoma (INSM1+) 



• Most “stains I hate” are tumor-associated glycoproteins that 
have been supplanted by lineage-restricted transcription 
factors

• (pan)p63 is frequently expressed by adenocarcinomas and 
lymphomas; p40 is the clearly superior marker of squamous, 
urothelial, and myoepithelial differentiation  



Big Grove Brewery, Solon

Confluence Brewery,
Des Moines Sutliff Cider, Lisbon



Sutliff Bridge, Sutliff
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