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Inherited Cancer Susceptibility Syndromes 

• No less than 10% of cancers are hereditary 

• Numbers increasing 

 

• Important to recognize: 

-   For patient and family members 

-   Risk of multiple tumors 

-   Ability to implement surveillance measures 

-   Prophylactic surgery 

-   Prognostic and therapeutic implications 

 

 

 



Detection of familial syndromes 

Role of the clinician: 

Clinical history: 

• Patient age 

• Personal history 

• Family history 

• Ethnic background 

 

Drawbacks: 

• Clinician dependent 

• Limited sensitivity 

 

 

 



Detection of familial syndromes 

Role of the pathologist? 



Detection of familial syndromes 

Role of the pathologist:  

By performing ancillary studies such as MMR IHC with specific screening value 



Detecting a familial syndrome 

Role of the pathologist: 

By recognizing and drawing attention to the association between 
tumor types or histologic features and predisposition syndromes 

• Uncommon tumor linked to familial syndrome 

 

• Common tumor (with specific features) linked to familial 
syndrome  

 

• Combination of multiple tumors (synchronous or 
metachronous) linked to familial syndrome 

 



Inherited Cancer Susceptibility Syndromes associated 
with gynecologic cancers 

Syndrome Responsible gene(s) Uterus Ovary Other 

Lynch syndrome 
 

MLH1, PMS2, MSH2, MSH6 Endometrial carcinoma Ovarian carcinoma Colorectal 

Hereditary breast and ovarian 
cancer syndrome 

BRCA1, BRCA2, others ?Serous carcinoma High-grade serous 
carcinoma 

Breast 

Cowden syndrome PTEN Endometrial carcinoma - Breast, thyroid 

Peutz Jegher syndrome (PJS) STK11 Cervix – Gastric type 
mucinous carcinoma 

SCTAT 

Tuberous Sclerosis complex 
(TSC) 

TSC1/TSC2 PEComa family of tumors -  

DICER1 syndrome DICER1 Cervix – embryonal 
rhabdomyosarcoma 

Sertoli-Leydig cell 
tumor 

Pleuropulmonary 
blastoma, many 
others 

Rhabdoid tumor 
predisposition syndrome 2 
(RTPS2) 

SMARCA4 - Small cell 
carcinoma, 
hypercalcemic type 

Rhabdoid tumor, 
sarcomas 

Hereditary leiomyomatosis 
and Renal Cell carcinoma 
syndrome (HLRCC) 

Fumarate hydratase (FH) Leiomyomas - Cutaneous 
leiomyomas, 
Renal cell carcinoma 
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DICER1 syndrome 



- DICER1 critical for processing of microRNA 
- Germline loss-of-function DICER1 mutation 
- Second hit in the form of a specific missense mutation in the RNase IIIb domain 

DICER1 syndrome 



 
DICER1 syndrome 

DICER-1 pleuropulmonary blastoma familial tumor predisposition syndrome 

 
- Pleuropulmonary blastoma 
- Cystic nephroma 
- Multinodular goiter and thyroid carcinoma 
- Pituitary blastoma 
- Nasal chondromesenchymal hamartoma 
- Ciliary body medulloepithelioma 
- Renal sarcoma and Wilms tumor 
 
- Gynecologic tumors: 
1. Ovarian sex cord stromal tumors  
2. Embryonal rhabdomyosarcoma of the 
cervix 



DICER1: Ovarian sex cord stromal tumors 

• Sertoli-Leydig cell tumor (SLCT) 

 

• Juvenile granulosa cell tumor 

• Gynandroblastoma 

• Unclassified SCST 

• Sertoli cell tumor 



Sertoli-Leydig cell tumor 

• <0.5% of all ovarian tumors 

• Young women (2nd-3rd decade) 

• Ovarian mass or virilization symptoms 

• Most are stage 1 

• Occasionally bilateral 

• Generally favorable prognosis (>85% benign) 

• Moderate to poorly differentiated tumors (heterologous 
elements) can have malignant behavior 

 



Sertoli-Leydig cell tumor: Gross 



Sertoli-Leydig cell tumor 

• Sertoli cells and Leydig cells 

• Well-differentiated (10%) 

• Moderately differentiated (50%) 

• Poorly differentiated (35%) 

 

• Can have heterologous elements 

• Can have retiform components 



SLCT images 

Well-differentiated Sertoli-Leydig cell tumor 

FOXL2 Calretinin 



Moderately-differentiated Sertoli-Leydig cell tumor 

FOXL2 Inhibin 



Poorly-differentiated Sertoli-Leydig cell tumor 

FOXL2 



Retiform Heterologous mucinous epithelium 

Heterologous hepatoid elements Heterologous rhabdomyosarcoma Heterologous rhabdomyosarcoma 



Features of SLCT with DICER1 mutation 

• 60-88% of SLCT have DICER1 mutation (germline or somatic) 

• Incidence of germline mutation? 

  

• Younger patients 

• Moderately to poorly differentiated SLCT (not well 
differentiated) 

• Can have mixed juvenile granulosa cell-like areas 

• Heterogenous morphology and difficult to classify 

• Heterologous elements frequent 

• Can be retiform 



Sertoli-Leydig cell tumors with DICER1 mutation 



DICER1: Embryonal rhabdomyosarcoma of the cervix 

• Polypoid mass (sarcoma botryoides) 

• Vaginal bleeding 

• Variable age at presentation (can be older than 25 years) 

 

• Most are confined to the cervix and can be excised 

 

• Heterologous differentiation - cartilage 

 



Embryonal rhabdomyosarcoma 

Myogenin 



DICER1 syndrome 

Conclusion: 

- All patients with an ovarian Sertoli Leydig cell tumor (or a 
diagnostically challenging sex cord-stromal tumor with SLCT 
potentially in the differential) should be referred for genetic 
counseling and DICER1 testing 

- All patients with cervical embryonal rhabdomyosarcoma 
should be referred for genetic counseling and DICER1 testing 

 

Example of uncommon tumor associated with a familial syndrome 



Pathology report example 

Diagnosis 

Ovary: Sertoli-Leydig cell tumor, moderately differentiated, with 
heterologous elements; see comment. 

 

Diagnosis comment:  Sertoli-Leydig cell tumors of the ovary have 
been associated with germline mutation in the DICER1 gene 
(DICER1 syndrome – provide reference).  Thus referral for genetic 
counseling and testing should be considered. 



DICER1 syndrome detection: Clinical implications 

1. Surveillance 
2. Prenatal management 
(Pleuropulmonary 
Blastoma) 



Rhabdoid tumor predisposition 
syndrome 2 (RTPS2) 



Rhabdoid tumor predisposition syndrome 2 

• Autosomal dominant 

• Germline mutation in SMARCA4 gene (member of SWI-SNF 
pathway) 

 

• High grade aggressive tumors with rhabdoid morphology 

-    CNS: Atypical teratoid/rhabdoid tumor 

- Kidney: Malignant rhabdoid tumor 

- Gynecologic tract: 

- Ovary: Small cell carcinoma, hypercalcemic type 

- Uterus: Undifferentiated uterine sarcoma with rhabdoid 
features 

 



Hereditary SWI/SNF deficiency syndromes 



Small cell carcinoma of the ovary, 
hypercalcemic type (SCCOHT) 

• Uncommon 

• <1% of all ovarian cancers 

• Unknown histogenesis 

• Young patients (mean age 24 years, range 9-44 years) 

• Hypercalcemia in up to two-third 

 

• Poor prognosis 

• 5-year survival 55% for stage I and 32% for stage II-III 

 

 



Nature Genetics 2014 

Small cell carcinoma of the ovary, hypercalcemic type: SMARCA4 

- Recurrent SMARCA4 mutations (germline or somatic) 
- Germline mutation in up to 43% of tumors 



Small cell carcinoma of the ovary, 
hypercalcemic type (SCCOHT): Gross 



Small cell carcinoma of the ovary, hypercalcemic type (SCCOHT) 



Small cell carcinoma of the ovary, hypercalcemic type (SCCOHT): 
large cell variant 



SCCOHT: Morphology 

• Difficult diagnosis 

• Wide differential diagnosis 

- Sex cord stromal tumors 

- Small cell neuroendocrine carcinoma (primary or metastatic) 

- Lymphoma 

 

 



SCCOHT: Immunohistochemistry 

• Cytokeratin (AE1/AE3) + 

• WT1 + 

• EMA +/- 

• Sex cord stromal markers  –ve 

 



SCCOHT: Immunohistochemistry 

• SMARCA4 mutation correlates with loss of SMARCA4/BRG1 protein 
expression by IHC (along with SMARCA2/BRM)  

• Rare exceptions with retained staining– in-frame deletion leads to non-
functional protein detected by IHC) 

Conlon N, et al. Am J Surg Pathol 2016 

Other tumors with SMARCA4 loss: 
- Clear cell carcinoma 
- Endometrioid carcinoma 
- Undifferentiated carcinoma 
- Endometrial stromal sarcoma 

 



SCCOHT: Loss of BRG1 and BRM 

BRG1 (SMARCA4) BRM (SMARCA2) 



Rhabdoid tumor predisposition syndrome 2 

Conclusion: 

- All patients with small cell carcinoma of the ovary, 
hypercalcemic type should be referred for genetic counseling 
and SMARCA4 mutation testing 

 

Example of uncommon tumor associated with a familial syndrome 



Pathology report 

Diagnosis 

Ovary: Small cell carcinoma of the ovary, hypercalcemic type; see 
comment. 

 

Diagnosis comment:  SCCOHT have been associated with 
germline mutations in SMARCA4 gene (RTPS2– provide 
reference).  Thus referral for genetic counseling and mutation 
testing should be considered. 



SMARCA4 germline mutation: Clinical implications 

1. Patient with SCCOHT: 

Remove contralateral ovary (can be bilateral) 

 

2. Patient without tumor: 

?Prophylactic salpingo-oophorectomy 

 

3. Therapeutic implications 

 



SMARCA4 germline mutation: Clinical implications 

Prophylactic salpingo-oophorectomy 



SMARCA4 mutation: Therapeutic implications 



Hereditary Leiomyomatosis and Renal 

Cell Carcinoma Syndrome (HLRCC) 



HLRCC 

• Autosomal dominant 

• Germline mutation in fumarate hydratase (FH) gene on 
chromosome 1q42.3 

• FH acts as a tumor suppressor gene 

• Second hit in tumor (often LOH) 

• Predisposes to cutaneous and uterine leiomyomas (Reed 
syndrome) and renal cell carcinoma (variable penetrance) 

• Incidence of HLRCC not known but low (estimated 
1/10,000-1/50,000 ) 

 



FH deficiency 

1. Germline mutation in FH gene: HLRCC 

2. Sporadic mutation in FH gene: NOT HLRCC 

 

              



HLRCC: Why do we want to detect? 

Renal cell carcinoma 

• 4th decade 

• Typically unilateral single mass 

• High-stage and poor prognosis 

Early detection of HLRCC could decrease morbidity and mortality 
from aggressive RCC 



HLRCC 

Uterine 
leiomyomas 

Cutaneous 
leiomyomas 

Renal cell 
carcinoma 

Penetrance ~100% ~75% ~15% 

Median age 

at diagnosis 

2nd-3rd decade 2nd-3rd decade 4th decade 

Uterine leiomyoma: Opportunity for early detection of 
HLRCC? 



Uterine leiomyoma: screening for HLRCC 

Problem # 1:  

Uterine leiomyomas are common while HLRCC is not   

- 20-30% and 80% of all women develop uterine leiomyomas by age 30 and 
50 respectively 

 

Problem #2: 

Sporadic FH mutation more common than germline in uterine leiomyoma 

- Similar morphology and IHC results 

 



Uterine leiomyoma: detection of HLRCC 

• Clinical presentation 

• Personal and family history  

• Pathologic features 

• Immunohistochemistry (IHC) 

 



Clinical presentation 

HLRCC associated ULM Sporadic ULM 

Median age at 
presentation 

28 years 38 years 

Age at surgery <30 years 45 years 

- Multiple  
- Large 
- Highly symptomatic  
- Young age 
- Early surgical intervention 



Personal and family history 

- Maternal history of early surgery for fibroids 

- Personal and/or family history of cutaneous leiomyomas 
and/or RCC 

• Very useful but often not known or provided 
• Unreliable due to variable penetrance of HLRCC  



Pathologic features: Gross 

Multiple large leiomyomas 



Pathologic features: Microscopic 

• Conventional leiomyoma 

• Cellular leiomyoma 

• Leiomyoma with bizarre nuclei (LBN) 

 

 

• ?increased risk for leiomyosarcoma or STUMP (probably not) 



Pathologic features: Morphology 

• First reported in 
renal cell 
carcinoma 

• Prominent 
eosinophilic 
nucleoli 
surrounded by 
perinucleolar 
halos 

 

Merino MJ, et al. AJSP 2007 



Pathologic features: Morphology 

- Staghorn blood vessels 

- Alveolar edema 

- Ovoid nuclei arranged in chains 

- Eosinophilic cytoplasmic inclusions 

- Prominent eosinophilic macronucleoli surrounded by clear halos 

- Schwannoma-like growth 

Sanz-Ortega J, et al. Am J Surg Pathol 2013 

Reyes C, et al. Mod Pathol 2013 



Staghorn vessels 
Staghorn vessels Alveolar edema 

Ovoid nuclei in chains Eosinophilic cytoplasmic inclusions 



Nuclear features 



Leiomyoma with bizarre nuclei 



FH deficiency: Immunohistochemistry 

• 2SC (2 succinocysteine) 

• FH (fumarate hydratase) 



2SC IHC 

- Positive staining for 2SC correlates with FH gene mutation 

-   Sensitive and specific 

- Not commercially available (may have just become available!) 

 

 
2SC positive 2SC negative 



FH IHC 

• Complete loss of FH staining correlates with FH gene mutation 

 
Loss of FH staining Retained FH staining 



FH IHC 

Pros: 

- Specific 

- Commercially available 
 

Cons: 

- Low sensitivity: Retained staining in the presence of FH 
gene mutation (missense mutation) 



Uterine smooth muscle tumor 

Screen for morphologic features and provided clinical history 

Proposed algorithm 



Uterine smooth muscle tumor 

Sign-out without 
further work-up 

Absent 

Screen for morphologic features and clinical history 



Uterine smooth muscle tumor 

Screen for morphologic features and clinical history 

Clinical history present 

FH IHC 

FH loss FH retained 

Genetic counseling and mutation analysis 



Uterine smooth muscle tumor 

Screen for morphologic features and clinical history 

Morphology present 

FH IHC 

FH loss FH retained 

Sign out with comment.  Ask clinician to correlate with 
personal and family history 

Genetic counseling and mutation analysis Likely sporadic - No action? 

History present History absent 



UCSF experience 

• 5 years 

• FH-d morphology reported in 30 out of 2060 women with uterine 
leiomyomas (1.3%) 

• 10 of 30 underwent genetic counseling and mutation testing 

• 5 germline FH mutations and 1 variant of unknown significance (VUS) 
detected 

• Screening program led to a confirmed genetic diagnosis of HLRCC 
syndrome in 0.24% of all women with any type of uterine smooth muscle 
tumor 

 



HLRCC 

• Conclusions: 

Consider raising the possibility of HLRCC/FH deficiency if a 
uterine leiomyoma shows characteristic morphologic features 
(FH-d morphology) irrespective of FH IHC staining result 

Example of common tumor associated with a familial syndrome 



Pathology report 

Diagnosis: 

• Uterus, myomectomy: Leiomyoma with features of FH 
deficiency; see comment. 

 

Diagnosis comment: The leiomyoma shows morphologic features 
that have been described to be associated with FH deficiency.  
This could be due to sporadic or germline (HLRCC) FH mutation.  
Correlation with personal and family history is recommended.  If 
there is any suggestive history – patient should be referred for 
genetic counseling and mutation testing  



HLRCC: Clinical implications 

• Surveillance for renal cell carcinoma:  

Annual MRI (with renal protocol) starting at age 8 years 

Menko, et al. Fam Cencer 2014 



Summary 

• Rare gynecologic cancer predisposition syndromes 

- DICER1 

- RTPS2 

- HLRCC 

 

• Role of the pathologist  

 

• Surgical pathology report 

 



Thank you! 


