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Outline

ÅOverview of hepatocellular carcinoma (HCC) and intrahepatic cholangiocarcinoma (iCCA)

ÅMorphology

ÅAncillary stains/IHC (uses/limitations)

ÅGeneral subtypes

Å!ŘŜƴƻŎŀǊŎƛƴƻƳŀ ƛƴ ƭƛǾŜǊ όΨLǎ ƛǘ ŎƘƻƭŀƴƎƛƻŎŀǊŎƛƴƻƳŀΚΩύ

ÅChallenges and approach (case examples)

ÅRole of IHC and albumin ISH

ÅPoorly-differentiated primary liver carcinomas (PD-PLC)

ÅCase example

ÅChallenges in histomorphologicdistinction of PLCs

ÅProposed utility of genomic analysis in ambiguous cases

ÅCombined hepatocellular-cholangiocarcinomas(cHCC-CCA)

ÅDiagnostic Challenges

ÅInsights from genomic studies
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Hepatocellular Carcinoma (HCC)

Å75-85% of primary liver cancers

ÅAge group: 35-60 years

Å75-90% of cases occur in cirrhotic livers

ÅVaried etiologies:
ÅHBV, HCV infection

ÅSteatohepatitis (alcohol or metabolic-associated)

ÅHepatocarcinogenic substance exposure (ex: aflatoxin B1)

ÅInherited disease (genetic hemochromatosis, glycogen storage 
disease, A1AT deficiency)

WHO Classification of Tumours Online,2019
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Hepatocellular carcinoma (HCC)
Trabecular

Macrotrabecular

Pseudoglandular/pseudoacinar

Pseudoglandular

Images courtesy of Dr. Sarah Umetsu, UCSF

Torbenson, Hum Pathol., 2020

Solid/compact

~70%

1%

~20% ~10%
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Hepatocellular carcinoma ς Differential diagnosis

Poorly differentiated HCC

- Metastatic carcinoma

- Neuroendocrine neoplasms

- Cholangiocarcinoma

- (Melanoma, malignant mesothelioma, 
others)

*HEPATOCELLULAR IHC

Well-differentiated HCC

- Focal nodular hyperplasia (FNH)

- Hepatocellular adenoma

- Dysplastic nodule (cirrhotic liver)

- Normal liver

Morphologic cues: Absent portal areas, bile production 
characteristic growth patterns

*RETICULIN STAIN

Well-differentiated Moderately differentiated Poorly differentiated

Images courtesy of Dr. Sarah Umetsu, UCSF
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Reticulin stain - loss Reticulin stain ς ΨǇŀŎƪŜǘƛƴƎΩ

Reticulin Staining in HCC
Normal Liver (Intact)

Fragmentation
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Pitfall: Loss in areas of steatosis

Singhi et al, Am. J. Surg. Pathol., 2012
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Hepatocellular Carcinoma: Useful IHC Markers 

Arginase1 HepPar1 Glypican3

- Cytoplasmic staining
- Stains benign hepatocytes
- Well-diff HCC > Poorly-diff HCC

- Granular cytoplasmic staining
- Stains benign hepatocytes
- Well-diff HCC > Poorly-diff HCC

- Cytoplasmic/membranous staining
- Does not stain benign hepatocytes
- Poorly-diff HCC > Well-diff HCC
- Stains yolk sac tumor, choriocarcinoma
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Hepatocellular Carcinoma Subtypes

TorbensonΣ άIŜǇŀǘƻŎŜƭƭǳƭŀǊ 
Carcinoma: Making Sense of 
Morphological Heterogeneity, 
Growth Patterns, and Subtypes Hum 
Pathol., 2020
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TorbensonΣ άIŜǇŀǘƻŎŜƭƭǳƭŀǊ 
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Growth Patterns, and Subtypes Hum 
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Fibrolamellar HCC
Å~1-5% of HCCs

ÅUnusual clinical setting

Å< 35 years

ÅTypically no underlying liver disease 
(noncirrhotic)

ÅBetter prognosis (than conventional HCC)

ÅIHC: CK7, CD68 (in addition to hepatocellular 
markers)

ÅMolecular: DNAJB1-PRKACA (> 95%), 
PRKAR1A (Carney complex)

Parallel collagen 
ōŀƴŘǎ όΨƭŀƳŜƭƭŀŜΩύ

Abundant 
eosinophilic/ 
oncocytic cytoplasm

Prominent nucleoli
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Intrahepatic cholangiocarcinoma (iCCA)

Å~10-15% of primary liver cancers
ÅAverage age > 50 years

ÅHigh geographic variation in prevalence (Southeast Asia 
>> USA/Europe)

ÅConsidered to be (almost exclusively) 
adenocarcinomas

ÅMain subtypes: large duct, small duct

Kendall, Liver Int, 2019
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Small Duct iCCA

ÅMass-forming

ÅHistology: 
ÅSmall tubular growth of cuboidal/low-

columnar tumor cells

Åά[ƛǘǘƭŜέ ƻǊ ƴƻ ƳǳŎƛƴ ǇǊƻŘǳŎǘƛƻƴ

ÅAbundant fibrous stroma (central > 
peripheral)

ÅAssociations:
Å~50% assoc. with chronic liver disease (viral 

hepatitis, alcoholic liver disease, NASH)

Zen, Hum Pathol., 2022
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Large-duct iCCA

ÅPeriductal infiltrating
ÅProximal location (towards hilum)

ÅTubular adenocarcinoma
ÅLarge glands

ÅMucin

ÅAbundant desmoplastic stroma

ÅAssociations: 
ÅLess frequently associated with chronic liver 

disease (~10%)

ÅHepatolithiasis, liver flukes, PSC

Zen, Hum Pathol., 2022
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Morphologic Overlap: Small duct vs. Large 
duct

Zen, Hum Pathol., 2022
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Breakdown of iCCA Subtypes/Variants
 (aka more than you ever wanted to know)

Small Duct Large Duct Unknown

Cholangiolocarcinoma

Ductal Plate Malformation

Lymphoepithelioma-like

Sarcomatoid Adenosquamous

Mucinous

Mucoepidermoid Solid-tubulocystic

*Provisional Variants

* Provisional variants (not included in 2019 WHO) 

Clear cell

Trabecular (HCC-like)

Nested uniform (NET-like)

Non-intraductal Papillary
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Potential Pitfall: Non-Specificity of Cytokeratin 
Expression
ÅCK7 and CK19 are generally considered to be associated with biliary 
ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴΣ Ih²9±9wΧ

ÅFrequently expressed in metastatic adenocarcinomas
ÅPancreatic, gastric, esophageal, pulmonary, breast, thyroid, gynecologic, 

urothelial

ÅCK7 and CK19 can be expressed in a minority of HCCs (9-21%, 2-10%) 

ÅCK19 can be reexpressed on malignant hepatocytes (progenitor 
phenotype)
ÅHigher rates of microvascular invasion and poorer disease-specific survival

ÅHigher resistance to locoregional therapy (ex: TACE, radiofrequency ablation) 
Chue et al, Mod Pathol, 2000
Kim et al, Hepatology, 2011
Rhee et al, Mod Pathol, 2016

Lau et al, Hum Pathol, 2002
Menz et al, Hum Pathol, 2021
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IbCм.Υ ΨbŜǿΩ YƛŘ ƻƴ ǘƘŜ .ƭƻŎƪ

ÅTranscription factor with role in early 
development of biliary tract, pancreas, kidney

Å74 iCCA, 65 HCC, 13 combined HCC-iCCA
Å100% sensitivity for iCCA

Å~92% specificity for iCCA (over HCC) 

ÅNuclear staining
ÅMay improve interpretation/confidence in 

conjunction with other biliary markers

Patil et al, Arch Pathol Lab Med, 2021



Private Information

Limitations of HNF1B in Diagnosis of 
Cholangiocarcinoma (what we currently know)

ÅNot specific for biliary differentiation
ÅExpressed in 84-94% of pancreatic 

ductal adenocarcinomas (PDAC)

ÅVariable expression in carcinomas of 
esophageal (27.3%), gastric (64.3%), 
lung (25%), bladder (38.9%), prostate 
(26.7%), renal (76.2%), ovarian (77.8%), 
and uterine (47.6%) origin 

Yang et al, Biomark Res., 2018

PDAC: Nuclear staining in 32/127 primary PDAC (30%), 12/17 
metastatic PDAC (70%) 
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Tale of Two Adenocarcinomas

Case 1: 70-year-old man with a single 7.8 cm liver mass Case 2: 67-year-old woman with an 8 cm liver mass and 
multiple smaller satellite lesions 
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iCCA vs. Metastatic Adenocarcinoma?

ÅMetastatic carcinomas more common (18-40x)

ÅHigh degree of potential morphologic overlap
ÅiCCA (small or large duct) vs. metastatic adenocarcinoma of pancreatic, 

gastrointestinal, pulmonary, gynecologic, or breast origin

ÅCholangiocarcinoma typically considered a diagnosis of exclusion

ÅImaging can give provide clues (if provided/available)
ÅPresence of mass lesions in other organs raises suspicion for possible 

metastatic adenocarcinoma

ÅMultiple hepatic lesions +/- satellite lesions often viewed as evidence of 
metastatic origin but can be initial presentation of iCCA
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Adenocarcinoma in Liver : Role of IHC

ÅPrimarily useful in distinguishing cholangiocarcinoma from metastatic 
malignancy
ÅGastrointestinal: CDX2, SATB2
ÅLung: TTF1, Napsin A
ÅRenal/Gynecologic (ex: endometrioid): PAX8
ÅBreast/urothelial: GATA3
ÅProstate: NKX3.1
ÅNeuroendocrine: Synaptophysin, chromogranin
ÅLess common considerations: SOX10 (melanoma), WT1/calretinin (mesothelioma)

ÅBeware of low rates of expression in CCAs: 
ÅCDX2 (29%), SATB2 (2-6%), TTF1 (27%), PAX8 (38%), GATA3 (5%)

ÅInitial workup should be guided by history, imaging, and tumor morphology
ÅConsider a tiered approach (with unstained slides)
ÅAvoid exhausting tumor tissue for molecular workup (cholangiocarcinoma)
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Revisiting Case Examples: IHC Workup

ÅCK7+

ÅNegative for CDX2, SATB2, TTF1

HNF1B

Case 1 Case 2

ÅCK7+

ÅNegative for CDX2, SATB2, TTF1, PAX8, 
GATA3
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Case Examples: Working Differential
Primary Considerations Not Supported

CDX2/SATB2 -
CK7 +/ HNF1B +

GATA3 -PAX8 -

TTF1 -

Cholangiolocarcinoma

CCA PDAC

(Gastric/upper GI)
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Albumin In Situ Hybridization (ISH)

ÅDetection of albumin messenger RNA

ÅUseful marker of carcinoma of primary hepatic origin (HCC, iCCA)
ÅHighly sensitive for HCC (85-100%)

ÅMajority of iCCAs positive (64-81%)

ÅNot expressed in extrahepatic cholangiocarcinomas

ÅVirtually never expressed in metastatic pancreatic adenocarcinomas 
in liver

Shahid, Am J Surg Pathology, 2015
Lin, Am J ClinPathol, 2018
Nasir et al, Am J Clin Pathol, 2019
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Revisiting Case Examples: Albumin ISH

Alb ISH

Case 1
(Positive)

Case 2
(Negative)
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Revisiting Case Examples: Albumin ISH

Alb ISH

Case 1
(Positive)

Case 2
(Negative)

Benign hepatocytes (internal control)

Entrapped hepatocytes/biliary cells
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Limitations of Albumin ISH

ÅDoes not distinguish between HCC and iCCA

ÅNegative result does not reliably exclude primary hepatic origin
ÅEspecially iCCAs (19-36% negative)

ÅLow-level expression in a minority of carcinomas of non-hepatic 
origin
ÅGallbladder adenocarcinoma (39%), acinar cell carcinoma (29%), pulmonary 

adenocarcinoma (20%), gastroesophageal (20%), breast invasive ductal 
carcinoma (18%)

ÅMay be difficult to interpret
ÅPatchy/heterogeneous
ÅEntrapped benign hepatocytes, bile ducts 

(good counterstain is essential)

ÅLimited availability Nasir et al, Am J Clin Pathol, 2019
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Final Interpretation
Case 1: Ψ!ŘŜƴƻŎŀǊŎƛƴƻƳŀΣ Ƴƻǎǘ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ƛƴǘǊŀƘŜǇŀǘƛŎ 
ŎƘƻƭŀƴƎƛƻŎŀǊŎƛƴƻƳŀΩ

Case 2: Ψ!ŘŜƴƻŎŀǊŎƛƴƻƳŀΤ ǎŜŜ ŎƻƳƳŜƴǘΩ
Comment: Ddx includes cholangiocarcinoma (intra or 
extrahepatic), pancreatic ductal adenocarcinoma, and 
gastric/upper GI origin

Alb ISH + Alb ISH -HNF1B + HNF1B +

ÅCK7+

ÅCDX2-/ SATB2-/ 
TTF1-

ÅCK7+

ÅCDX2-/ SATB2-/ 
TTF1-/ PAX8 -/ 
GATA3 - 
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Case 
Example

59-year-old man with a history of HCV 
cirrhosis status post treatment with SVR. 
Now with two liver masses (up to 4.1 cm). 

No other lesions on imaging.
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Tumor morphology

ÅPoorly differentiated malignant neoplasm with cords/small clusters of 
cells in loose fibrotic stroma. 
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Tumor morphology
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Focal gland formation ς Adenocarcinoma?
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Patchy Keratin

CK7 CK20AE1/AE3
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Differential Diagnosis (Keratin+, Malignant 
Epithelioid Neoplasm in Liver) 

ÅPrimary liver carcinoma
ÅHepatocellular carcinoma (HCC)

ÅIntrahepatic cholangiocarcinoma (iCCA)

ÅCombined hepatocellular-cholangiocarcinoma (HCC-CCA)

ÅMetastasis
ÅMetastatic carcinomas:
ÅMost frequently: GI tract, lung, (breast)

ÅLess frequently: pancreas, kidney, prostate, bladder, corpus uteri, ovary

ÅNeuroendocrine neoplasm

ÅMesothelioma
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Features arguing against metastatic origin:

ÅCDX2: Negative, does not support intestinal primary

ÅTTF1: Negative, does not support lung primary

ÅPAX8: Negative, does not support renal primary

ÅNKX3.1: Negative, does not support prostatic primary

ÅSynaptophysin: Negative, does not support neuroendocrine neoplasm

ÅCalretinin/WT1: Negative, does not support mesothelioma

ÅHistory/Imaging: No extrahepatic mass and setting of cirrhosis argues 
against metastatic adenocarcinoma
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IHC: Negative hepatocellular markers

HepPar1 Arg1

Provided AFP stain was negative
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Albumin ISH

(Does not support hepatic primary, but does not entirely exclude it)

Tumor Results

HCC 85-90%

Intrahepatic 
cholangiocarcinoma

60-70%

Alb

Shahid, Am J Surg Pathology, 2015
Lin, Am J ClinPathol, 2018
Nasir et al, Am J Clin Pathol, 2019
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Preliminary Diagnosis:

Poorly differentiated malignant neoplasm, favor 
carcinoma
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Management of HCC vs. iCCA

Å Surgical:

ïLiver transplant contraindicated

ïResection + LN dissection
ÅMajority recur (~60%)

Å Systemic therapy:

ïDurvalumab/pembrolizumab + 
gemcitabine + cisplatin (new first 
line)

Å Surgical: 

ïLiver transplantation

ïResection

ïAblative techniques

Å Systemic therapy:

ïImmune checkpoint inhibitors 
(atezolizumab, 
tremelimumab) + VEGF 
inhibitor (bevacizumab) or 
anti-PD-1 (durvalumab)

CholangiocarcinomaHepatocellular Carcinoma

Endo et al, Ann Surg, 2008
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HCC vs. iCCA: Prognosis

Lee, Hepatology, 2021

Intrahepatic 
Cholangiocarcinoma

Hepatocellular carcinoma
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Challenges of Distinguishing Primary Liver 
Carcinomas based on Histomorphology
ÅLack of definitemorphologic/IHC features of HCC oriCCA

ÅHepatoid morphology but null expression of hepatocellular markers

ÅLack of specific IHC markers foriCCA

ÅHCC can express CK7, CK19, MOC31 (10-20%)

ÅiCCArarely can express Gly-3 (5%)

ÅVariants of HCC mimiciCCA

ÅScirrhous HCC vs.iCCA

ÅGlandular/pseudoglandularformation

ÅTumor heterogeneity
ÅCombined HCC-iCCA Torbenson, Gastroenterol Clin N, 2017

Balitzer, Kakar, Clin. Liver Dis., 2021
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D E

G H I

F

Kikuchi et al, Am J Surg 
Pathol, 2023

Hepatoid Morphology with Null Hepatocellular IHC

CK19

A B C

Arg1

CK19

CK7 HepPar1

GPC3

Case 3

Case 12

Case 13
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Scirrhous HCC
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Balitzer, Kakar, Clin. Liver Dis., 2021

Scirrhous HCC
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Poorly differentiated carcinoma: HCC vs. iCCA

Genetic changes HCC iCCA

IDH mutations 
PBRM1 mutation
FGFR2 fusion
BAP1 mutation

< 1%
2%

< 1%
5%

19-36%
11-17%
6-50%
7-29%

CTNNB1 mutation
TERT promoter 
mutation
MYC amplification 

20-30%

44-60%

Up to 77%*

Uncommon

2-3%

17%

Schulze, Nat Genetics, 2015 
Zou, Nat Commun, 2014
Moeini, Clin Cancer Res 2016

* ETOH-related HCCs
Ally, Cell, 2017
Schlaeger et al, Hepatol, 2008
Jusakul et al, Cancer discov, 2017
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NGS findings

ÅIn differential of HCC vs. iCCA, findings strongly support 
HCC: 

ÅTERT promoter rearrangement

ÅMYC amplification
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Final Diagnosis

Poorly differentiated 
carcinoma, consistent with 
hepatocellular carcinoma 
(lymphocyte-rich variant)

Torbenson, Gastroenterol Clin N Am, 2017
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Genomic analysis in Poorly-differentiated 
Primary Liver Carcinomas

ÅGenomic alterations were helpful in 
classifying poorly-differentiated PLCs in 
14/16 cases (88%)

Kikuchi et al, Am J Surg Pathol, 2023
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