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Case #1

•55-year-old woman

•History of epigastric and right lower quadrant pain 

•MRI showed multiple bilateral hypoechoic liver lesions 
up to 5.6 cm

•No history of chronic liver disease

•Background liver showed active steatohepatitis with 
no fibrosis











Case #1: Well-differentiated hepatocellular 
carcinoma

•Hepatocellular differentiation and loss of normal 
portal structures

•Cytologic atypia and reticulin loss



Molecular basis of hepatocellular carcinoma

Boyault et al., 2007
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Wnt/-catenin signaling pathway in HCC

Chien et al., 2009
Nejak-Bowen and Monga, 2011
Li et al., 2019

GPC3



Molecular basis of hepatocellular carcinoma
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G5/G6 subgroups

• CTNNB1 mutations in 70%/100%

• Overexpression of glutamine synthetase (GS)

• Nuclear -catenin staining in G6

Boyault et al., 2007



Molecular basis of hepatocellular carcinoma

• None are widely used clinically
Raja and Haq, 2021



(Potentially) helpful molecular tests: 
Glutamine synthetase, glypican-3, and HSP70

• In cirrhotic liver, 2/3 markers positive→72% sensitivity, 100% 
specificity for HCC

• GPC3 less helpful in non-cirrhotic liver

• Positive staining of GS and/or HSP70
• 78-100% of well-diff HCC and pathologically atypical HCA 
• 0-43% of typical and clinically atypical HCA

Di Tommaso et al., 2007
Nguyen et al., 2016



(Potentially) helpful molecular tests: Ki67

•Ki67 index increases during progression from cirrhotic 
macroregenerative nodules → dysplastic nodules →
HCC

•Ki67 index >4% 
•7.5% of HCA
•51% of HCC

Tiniakos and Brunt, 1999
Jones et al., 2021



Case #2

•27-year-old woman with right adrenal mass 
(adrenal cortical carcinoma)

•2 to 3 cm liver lesion with appearance 
concerning for metastasis
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Case #2: Focal nodular hyperplasia

•Hepatocellular differentiation and loss of normal 
portal structures
•No cytologic atypia, architectural atypia, or reticulin 

loss
•Fibrous scar, ductular reaction
•Map-like glutamine synthetase staining
• Localized response to vascular flow abnormalities
•Not clonal (generally)

Bioulac-Sage et al., 2009
Cai et al., 2009
Rowan et al., 2021



Case #3

•37-year-old woman with no major medical 
problems

•Presented with abdominal pain

•CT showed 2.1 cm liver mass
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Case #3: Hepatocellular adenoma

•Hepatocellular differentiation and loss of normal 
portal structures

•No cytologic atypia, architectural atypia, or reticulin 
loss

•What kind of adenoma is it? Does it matter?



Hepatocellular Adenoma: WHO 2019 and beyond

• -catenin-activated HCA

• Inflammatory HCA

• HNF1A-inactivated HCA

• -catenin-activated inflammatory HCA

• Unclassified
• Sonic hedgehog HCA
• -catenin exon 7/8 HCA

Zucman-Rossi et al., 2006
Bioulac-Sage et al., 2007
Nault et al., 2017



-catenin-activated hepatocellular adenoma

• Somatic mutations of CTNNB1 exon 3 and/or
• Strong overexpression of glutamine synthetase and 

LGR5/GPR49

•More commonly associated with:
•Atypical clinical settings
•Atypical morphology
•Cytogenetic abnormalities Zucman-Rossi et al., 2006

Bioulac-Sage et al., 2007
Evason et al., 2013
Nault et al., 2017



Inflammatory hepatocellular adenoma

• Activating mutations in IL6ST, FRK, JAK1, STAT3, GNAS and/or

• Serum amyloid A (SAA) and C-reactive protein (CRP) 
overexpression

• Can have coexistent CTNNB1 mutations
• β-catenin-activated IHCA (bex3IHCA) or bex7,8IHCA

• More commonly associated with:
• Inflammation
• Telangiectasia

Bioulac-Sage et al., 2007
Nault et al., 2017



-catenin exon 7/8 hepatocellular adenoma

• Somatic mutations of CTNNB1 in exon 7 or 8

• Exclusive of activating mutations in β-catenin (exon 3)

• Associated with weak activation of Wnt signaling pathway

Bioulac-Sage et al., 2007
Nault et al., 2017



HNF1A-inactivated hepatocellular adenoma

• HNF1A bi-allelic mutations and/or

• Loss of LFABP and UGTB7 

• Exclusive of all other subtypes

• Steatotic

• Germline HNF1A mutation associated with familial liver 
adenomatosis

Zucman-Rossi et al., 2006
Bioulac-Sage et al., 2007
Nault et al., 2017



Sonic hedgehog-activated hepatocellular 
adenoma

• Overexpression of PTGDS, HHIP, FRCLA, TPCH1, GPR97, 
TNNC1

• Exclusive of all other subtypes

Nault et al., 2017



Risk of malignant transformation and bleeding
HHCA bex7,8HCA bex7,8IHCA IHCA bex3IHCA bex3HCA shHCA UHCA

Number of 
cases

133 15 21 116 30 30 16 28

HCC on HCA 
or 
borderline 
HCC/HCA

7 (5%) 0 (0%) 1 (5%) 7 (6%) 8 (27%) 14 (47%) 1 (6%) 4 (14%)

Symptom-
atic
bleeding

20 (18%) 4 (33%) 1 (5%) 13 (13%) 1 (4%) 2 (7%) 10 (71%) 3 (14%)

Nault et al., 2017
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High-risk features in HCA

• CTNNB1 exon 3 mutations

• Nuclear -catenin expression (IHC)

• Glutamine synthetase expression (IHC)

• TERT promoter mutations

• Male sex

• Unique nodule at imaging

• High alcohol intake

• Fibrosis in non-tumor liver

• Type 2 diabetes mellitus
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Case #3: Hepatocellular adenoma

•Hepatocellular differentiation and loss of normal 
portal structures

•No cytologic atypia, architectural atypia, or reticulin 
loss

•What kind of adenoma is it? Does it matter?
• Not -catenin activated
• Low risk of malignant transformation



Case #4

• 41-year-old with history of diabetes and morbid obesity

• 6.7 cm tumor in segment 6/7 of liver, found during evaluation for UTI
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Case #4: -catenin-activated hepatocellular 
adenoma
• Hepatocellular differentiation and loss of normal portal structures

• No cytologic atypia, architectural atypia, or reticulin loss

• Diffuse homogeneous glutamine synthetase staining

• Nuclear -catenin staining 

• Relatively high risk of malignant transformation



Case #5

• 39-year-old woman with history of dysmenorrhea on hormone 
therapy

• Elevated alk phos and GGT

• Ultrasound showed 20+ liver masses up to 7.4 cm

• Background liver showed moderate steatosis with no fibrosis







-catenin
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Case #5: Hepatocellular adenoma

• Hepatocellular differentiation and loss of normal portal structures

• No cytologic atypia, architectural atypia, or reticulin loss

• Diffuse heterogeneous glutamine synthetase staining

• Membranous -catenin staining 



Patterns of glutamine synthetase staining

1. Map-like 

2. Diffuse strong homogeneous
• Moderate to strong staining in >90% of cells, but not map-like

3. Diffuse heterogeneous
• Moderate to strong staining in 50-90% of cells

4. Patchy
• Moderate to strong staining in <50% of cells, often perivascular

• Weak staining (any extent)

• Negative

Hale et al., 2016
Bioulac-Sage et al., 2007
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Epithelioid lesion in liver (lack of portal tracts)

Is there significant cytologic atypia and/or reticulin loss?

yes no

Is there obvious hepatocellular differentiation (bile)?

yesno

Do clinical 
history and 
radiology 
support HCC?

no

Order hepatocellular markers  

Order 
glutamine 
synthetase and 
-catenin

Map-like

FNH

Diffuse 
positive

-catenin-activated 
hepatocellular adenoma

Other

Adenoma

Positive

HCC

Do clinical 
history and 
radiology 
support HCC?

yes

no

HCC, hepatoblastoma, 
hepatoid carcinoma

Order 
other 
markers

Negative

HCC, hepatoblastoma, 
hepatoid carcinoma, 
angiomyolipoma



References
1. Bioulac-Sage P, Laumonier H, Rullier A, Cubel G, Laurent C, Zucman-Rossi J, Balabaud C. (2009). Over-expression of glutamine synthetase in focal nodular hyperplasia: a novel easy diagnostic tool in surgical pathology. Liver Int. 29(3):459-

65. PMID: 18803590

2. Bioulac-Sage P, Rebouissou S, Thomas C, Blanc JF, Saric J, Sa Cunha A, Rullier A, Cubel G, Couchy G, Imbeaud S, Balabaud C, Zucman-Rossi J. (2007). Hepatocellular adenoma subtype classification using molecular markers and 
immunohistochemistry. Hepatology. 46(3):740-8. PMID: 17663417

3. Boyault S, Rickman DS, de Reyniès A, Balabaud C, Rebouissou S, Jeannot E, Hérault A, Saric J, Belghiti J, Franco D, Bioulac-Sage P, Laurent-Puig P, Zucman-Rossi J. (2007) Transcriptome classification of HCC is related to gene alterations and 
to new therapeutic targets. Hepatology. 45(1):42-52. PMID: 17187432 

4. Cai YR, Gong L, Teng XY, Zhang HT, Wang CF, Wei GL, Guo L, Ding F, Liu ZH, Pan QJ, Su Q. (2009). Clonality and allelotype analyses of focal nodular hyperplasia compared with hepatocellular adenoma and carcinoma. World J Gastroenterol. 
15(37):4695-708. PMID: 19787833 

5. Chien AJ, Conrad WH, Moon RT. (2009) A Wnt survival guide: from flies to human disease. J Invest Dermatol. 129(7):1614-27. PMID: 19177135 

6. Di Tommaso L, Franchi G, Park YN, Fiamengo B, Destro A, Morenghi E, Montorsi M, Torzilli G, Tommasini M, Terracciano L, Tornillo L, Vecchione R, Roncalli M. (2007) Diagnostic value of HSP70, glypican 3, and glutamine synthetase in 
hepatocellular nodules in cirrhosis. Hepatology. 45(3):725-34. PMID: 17326147 

7. Hale G, Liu X, Hu J, Xu Z, Che L, Solomon D, Tsokos C, Shafizadeh N, Chen X, Gill R, Kakar S. (2016) Correlation of exon 3 β-catenin mutations with glutamine synthetase staining patterns in hepatocellular adenoma and hepatocellular 
carcinoma. Mod Pathol. 29(11):1370-1380. PMID: 27469330 

8. Jones A, Kroneman TN, Blahnik AJ, Graham RP, Mounajjed T, Torbenson MS, Moreira RK. (2021). Ki-67 "hot spot" digital analysis is useful in the distinction of hepatic adenomas and well-differentiated hepatocellular carcinomas. Virchows
Arch. 478(2):201-207. PMID: 32583014

9. Li N, Wei L, Liu X, Bai H, Ye Y, Li D, Li N, Baxa U, Wang Q, Lv L, Chen Y, Feng M, Lee B, Gao W, Ho M. (2019). A Frizzled-Like Cysteine-Rich Domain in Glypican-3 Mediates Wnt Binding and Regulates Hepatocellular Carcinoma Tumor Growth 
in Mice. Hepatology. 70(4):1231-1245. PMID: 30963603 

10. Nault JC, Couchy G, Balabaud C, Morcrette G, Caruso S, Blanc JF, Bacq Y, Calderaro J, Paradis V, Ramos J, Scoazec JY, Gnemmi V, Sturm N, Guettier C, Fabre M, Savier E, Chiche L, Labrune P, Selves J, Wendum D, Pilati C, Laurent A, De Muret
A, Le Bail B, Rebouissou S, Imbeaud S; GENTHEP Investigators, Bioulac-Sage P, Letouzé E, Zucman-Rossi J. (2017). Molecular Classification of Hepatocellular Adenoma Associates With Risk Factors, Bleeding, and Malignant Transformation. 
Gastroenterology. 152(4):880-894.e6. PMID: 27939373 

11. Nejak-Bowen KN, Monga SP. (2011). Beta-catenin signaling, liver regeneration and hepatocellular cancer: sorting the good from the bad.Semin Cancer Biol. 21(1):44-58. PMID: 21182948 

12. Nguyen TB, Roncalli M, Di Tommaso L, Kakar S. (2016) Combined use of heat-shock protein 70 and glutamine synthetase is useful in the distinction of typical hepatocellular adenoma from atypical hepatocellular neoplasms and well-
differentiated hepatocellular carcinoma. Mod Pathol. 29(3):283-92. PMID: 26769138

13. Nolte M, Werner M, Nasarek A, Bektas H, von Wasielewski R, Klempnauer J, Georgii A. (1998) Expression of proliferation associated antigens and detection of numerical chromosome aberrations in primary human liver tumours: relevance 
to tumour characteristics and prognosis. J Clin Pathol. 51(1):47-51. PMID: 9577372 

14. Raja A, Haq F. (2021) Molecular classification of hepatocellular carcinoma: prognostic importance and clinical applications. J Cancer Res Clin Oncol. Oct 8. PMID: 34623518 

15. Rowan DJ, Allende DS, Bellizzi AM, Gill RM, Liu X, McKenzie CA, Moreira RK, Mounajjed T, Said S, Westerhoff M, Jenkins SM, Batts KP, Burgart LJ, Lamps LW, Graham RP. (2021). Diagnostic challenges of focal nodular hyperplasia: 
interobserver variability, accuracy, and the utility of glutamine synthetase immunohistochemistry. Histopathology. 2021 79(5):791-800. PMID: 34080211

16. Schulze K., Nault J.-C., Villanueva A. (2016) Genetic Profiling of Hepatocellular Carcinoma Using Next-Generation Sequencing. J. Hepatol. 65:1031–1042. PMID: 27262756.

17. Tiniakos DG, Brunt EM. (1999). Proliferating cell nuclear antigen and Ki-67 labeling in hepatocellular nodules: a comparative study. Liver. 19(1):58-68. PMID: 9928768 Pilati C, Letouzé E, Nault JC, Imbeaud S, Boulai A, Calderaro J, Poussin K, 
Franconi A, Couchy G, Morcrette G, Mallet M, Taouji S, Balabaud C, Terris B, Canal F, Paradis V, Scoazec JY, de Muret A, Guettier C, Bioulac-Sage P, Chevet E, Calvo F, Zucman-Rossi J. (2014). Genomic profiling of hepatocellular adenomas 
reveals recurrent FRK-activating mutations and the mechanisms of malignant transformation. Cancer Cell. 25(4):428-41. PMID: 24735922 


