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Key Issues

• Review morphology, immunophenotype, 
genotype and differential diagnosis*

• Emphasize endometrioid and clear cell tumors
• Suggest refinements to diagnostic criteria



Rationale for “histotyping”

• Distinct disease entities
– BRCA1 and 2
– Tumor progression from:

• Endometriosis
• Borderline tumor 

• Diagnostic criteria for carcinoma
• Carcinoma grading
• Therapeutic relevance



Introduction

• WHO classification
– Serous 
– Mucinous
– Endometrioid
– Clear cell
– Transitional 
– Squamous
– Mixed epithelial
– Undifferentiated



WHO critique

• WHO approach
– Morphologically based, but not entirely 

objective
• Problems

– Mucinous carcinoma
– Poorly differentiated endometrioid carcinoma
– Transitional cell carcinoma
– Mixed epithelial carcinoma 
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Serous carcinoma: morphology

• Overview
• Problems

– Architecture
• Glandular 
• Cribriform
• Microcystic
• Trabecular

– Cytology
• Clear cells
• Signet ring cells
• Spindle cells



Serous carcinoma:
immunophenotype

• All serous
– WT1 (>70%)

• Low-grade serous
– ER/PR 

• High-grade serous
– P53 (overexpression, >70%)
– P16
– Variable ER/PR
– Variable loss of BRCA1



Serous carcinoma: genotype

• Low grade serous
– BRAF mutation
– K-ras mutation

• High grade serous
– P53 mutation
– BRCA1 or 2 abnormalities (sporadic)
– BRCA1 or 2 mutation (familial)

Singer G, et al. Am J Surg Pathol 29:218-24, 2005
Shaw PA, et al. Int J Gynecol Pathol 21:407-11, 2002



Serous carcinoma: pathogenesis
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High grade serous carcinoma: 
pathogenesis



Low grade serous carcinoma: 
pathogenesis



Serous carcinoma: differential 
diagnosis

• Glandular, cribriform, microcystic, trabecular:
– Mucinous, endometrioid, clear cell, transitional 

• Clear cells, signet ring cells:
– Clear cell, endometrioid, mucinous



Ovarian carcinoma classification:  
serous

• Broad range of histologic features
– Slit-like spaces, irregular luminal contours

• Frequent WT1
• Low-grade:  serous borderline tumor, 

BRAF/K-ras, ER/PR
• High-grade:  tubal intraepithelial carcinoma, 

p53, p16, loss of BRCA1, BRCA1 or 2 
family

• Other entities are excluded



Serous tumors:  prevalence
• 80-85% of ovarian carcinomas
• 95% of stage III-IV ovarian carcinoma
• Low stage serous carcinomas are rare

– ~25% of stage I/II carcinomas are serous
– ~25% of stage I/II serous carcinomas are stage I

Leitao MM, et al.  Am J Surg Pathol 28:147-59, 2004
Seidman JD, et al.  Int J Gynecol Pathol 23:41-4, 2004



(Intestinal) Mucinous tumors:  
morphology

• Overview
• Problems

– Primary versus metastasis
– Paucity of intracytoplasmic mucin/prevalence of 

extracellular mucin
– Borderline tumor versus carcinoma



Mucinous tumors:  
immunophenotype

• Immunophenotype
– CK7>20 (GI ddx)
– Negative racemase and β-catenin (GI ddx)
– Negative p16 (Endocervical ddx)
– Negative ER (Endometrioid ddx)
– Retained SMAD4/DPC4 (Pancreatic ddx)
– Negative mesothelin and fascin (Pancreatic 

ddx)



Mucinous carcinoma:  pathogenesis
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Mucinous carcinoma:  pathogenesis



Mucinous tumors:  borderline versus 
carcinoma

• Expansile invasion 
– Large cribriform glands
– Extensive gland fusion
– Complex papillary architecture

• Destructive invasion

• Low stage ovarian carcinomas (n=140)
– Diagnosis changed to borderline (30%)

• 70% were mucinous or endometrioid

Leitao MM, et al.  Am J Surg Pathol 28:147-59, 2004

Am J Surg Pathol 23:617-35, 1999, 24:1447-64, 2000, 26:139-52, 2002,  22:1449-62, 1998



Mucinous tumors: differential 
diagnosis

• Exclude metastasis
• Scant intracytoplasmic mucin

– Endometrioid
• Extracellular mucin

– Pseudomyxoma peritonei
– Low grade serous carcinoma (cribriform)



Mucinous tumors:  features favoring 
metastasis

• Bilateral disease
• Surface involvement
• Destructive stromal invasion
• Nodular growth pattern
• Single cells/signet ring cells
• Vascular invasion

Am J Surg Pathol. 2003 Mar; 27(3): 281-92. 



Ovarian carcinoma classification:  
intestinal mucinous

• Intracytoplasmic mucin, expansile invasion
• Intestinal mucinous borderline tumor
• CK7>20, retained SMAD4
• Negative racemase, β-catenin, ER, p16, 

mesothelin, fascin
• K-ras
• Other entities are excluded:  exclude 

metastasis



Mucinous tumors:  prevalence

• Only <3% of all ovarian carcinomas
• >2/3 are stage I
• ~15% of all stage I tumors

Leitao MM, et al.  Am J Surg Pathol 28:147-59, 2004
Seidman JD, et al.  Am J Surg Pathol 27(7):985-93, 2003  
Riopel MA, et al.  Am J Surg Pathol 23(6):617-35, 1999 



Seromucinous tumors

• Definition and synonyms
• Similarities with low grade serous tumors

– Architecture
– Clinical profile

• Differences with intestinal mucinous tumors
– Morphology
– Clinical profile

• Similarities with endometrioid tumors
– Endometriosis



Endometrioid tumors: morphology

• Overview
• Problems

– Architecture:
• Cribriform
• Trabecular
• Papillary

– Cytology:
• Intracytoplasmic mucin
• Clear cells
• High nuclear grade

– Borderline tumor versus carcinoma



Endometrioid tumors:  
immunophenotype 

• ER/PR 
• β-catenin
• Not WT1
• P53 in “high grade” examples



Endometrioid tumors:  genotype

• CTNNB-1 (β-catenin)
• PTEN
• Microsatellite instability (MSI)



Endometrioid carcinoma:  
pathogenesis
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Endometrioid carcinoma: 
pathogenesis
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Endometrioid tumors:  borderline 
versus carcinoma

• Expansile invasion 
– Large cribriform glands
– Extensive gland fusion
– Complex papillary architecture

• Destructive invasion

• Low stage ovarian carcinomas (n=140)
– Diagnosis changed to borderline (30%)

• 70% were mucinous or endometrioid (70%)

Am J Surg Pathol 24:1465-79, 2000; Am J Surg Pathol 27:1253-9, 2003

Leitao MM, et al.  Am J Surg Pathol 28:147-59, 2004 



Endometrioid tumors: invasion 
patterns

• 13 grade 1 and 2 endometrioid carcinomas (8 
IA, 5 IC); median F/U 81 mos:
– 9 expansile (9/9 NED)
– 4 expansile and destructive* (3/4 NED)

• Low grade, stage I endometrioid carcinoma 
with expansile invasion:  VERY limited 
malignant potential

Chen S, et al.  Mod Pathol 18:903-11, 2005 



Endometrioid tumors: differential 
diagnosis

• Cribriform, papillary, trabecular:
– Serous, transitional

• Intracytoplasmic mucin, clear cells, high 
nuclear grade:
– Metastasis, mucinous, clear cell, serous



Ovarian carcinoma classification:  
endometrioid

• Endometrial-like, metaplasias, secretory 
change, expansile invasion

• Endometriosis, endometrioid borderline 
tumor, endometrioid uterine carcinoma

• ER/PR, β-catenin; not WT1
• CTNNB-1 (β-catenin), PTEN, MSI-H
• Other entities are excluded



Endometrioid tumors: prevalence

• 10% of ovarian carcinomas
• Most common stage I carcinoma (~50%)
• Most endometrioid carcinomas are Stage I or 

II (>2/3)

Leitao MM, et al.  Am J Surg Pathol 28:147-59, 2004
Seidman JD, et al.  Int J Gynecol Pathol 23:41-4, 2004



Clear cell tumors:  morphology

• Overview
• Problems

– Architecture:
• Papillary
• Solid

– Cytology:
• Clear cytoplasm
• Oxyphilic variant

– Borderline tumor versus carcinoma



Clear cell tumors:  diagnostic 
reproducibility, immunophenotype, 

lessons learned
• Clear cell carcinomas have a limited and 

distinctive architectural repertoire and 
immunophenotype

• Mixed epithelial tumors containing clear cells 
(MET-C) are not reproducibly diagnosed

• MET-Cs are seldom clear cell carcinomas—
most are serous carcinomas

Han G, et al.  USCAP 2007, abstract
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Han G, et al.  USCAP 2007, abstract
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Han G, et al.  USCAP 2007, abstract



Clear cell tumors:  
immunophenotype

• Immunophenotype
– Paucity of ER/PR
– Lack of WT1
– Variable p53 expression
– Low proliferation rate



Clear cell tumors:  genotype

• Mutations:
– PTEN
– TGF beta R2
– K-RAS

• MSI-H



Clear cell carcinoma:  pathogenesis
Endometriosis

Atypical endometriosis or Endometrioid carcinoma

(Clear cell borderline tumor)
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Clear cell carcinoma:  pathogenesis



Clear cell tumors: borderline versus 
carcinoma

• Adenofibromatous
– Destructive invasion greater than microinvasion:  

carcinoma
• What counts as invasion?
• Pure borderline tumors are almost never encountered

• Papillary
– Essentially always considered carcinoma

• Importance of cytologic characteristics
• Nuclear grade?

– Ddx with papillary endometrioid carcinoma and serous 
borderline tumor

Sangoi AR, et al.  USCAP 2007, abstract    Asad H, Soslow RA, unpublished



Clear cell tumors:  differential 
diagnosis

• Papillary, tubulocystic, solid
– Serous, seromucinous, endometrioid

• Hobnail cells, clear cells
– Serous, seromucinous, endometrioid



Ovarian carcinoma classification:  
clear cell

• Papillary, tubulocystic, solid, hobnail, 
frequently clear cytoplasm

• Endometriosis, clear cell borderline tumor
• Low ER/PR, WT1, p53, mib-1
• MSI-H, PTEN
• Lack of features that define other entities

– Metaplasias, secretory changes
– Multilayering, serrated luminal profiles



Clear cell tumors: prevalence

• 5% of ovarian carcinomas
• Disproportionately represented in stages I 

and II
• 25% of stage I and II carcinomas are clear 

cell
• Most clear cell carcinomas are low stage at 

presentation (>2/3)
Leitao MM, et al.  Am J Surg Pathol 28:147-59, 2004
Seidman JD, et al.  Int J Gynecol Pathol 23:41-4, 2004 



Transitional cell carcinoma

• Definition 
• Similarities with high grade serous tumors

– Morphology
– Immunophenotype
– ?Clinical profile

• Differences with urothelial carcinoma



Malignant surface epithelial tumors:  
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Malignant surface epithelial tumors:  
early 21st century, West
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Seidman JD, et al.  Int J Gynecol Pathol 23:41-4, 2004




