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A Case example
A Challenges ihistomorphologidistinction of PLCs
A Proposed utility of genomic analysis in ambiguous cases

A Combined hepatocellulacholangiocarcinoma@&HCGCCA)
A Diagnostic Challenges
A Insights from genomic studies



Hepatocellular Carcinoma (HCC)

A 75-85% of primary liver cancers
A Age group: 3%0 years
A 75-90% of cases occur in cirrhotic livers

A Varied etiologies:
A HBV, HCV infection
A Steatohepatitis (alcohol or metabolassociated)
A Hepatocarcinogenic substance exposure (ex: aflatoxin B1)

A Inherited disease (genetic hemochromatosis, glycogen stora
disease, A1AT deficiency)

WHO Classification of Tumours Onlid@19



Hepatocellular carcinoma (HCC)
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Hepatocellular carcinomabDifferential diagnosis

Well-differentiated
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Welldifferentiated HCC
- Focal nodular hyperplasia (FNH)
- Hepatocellular adenoma

- Dysplastic nodule (cirrhotic liver)

- Metastatic carcinoma
- Neuroendocrine neoplasms
- Cholangiocarcinoma

- Normal liver _ _
Morphologic cues: Absent portal areas, bile production - (Melanoma, malignant mesothelioma,
characteristic growth patterns others)

*RETICULIN STAIN *HEPATOCELLULAR IHC
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Reticulin Staining in HCC
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Pitfall: Loss In areas of steatosis
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Hepatocellular Carcinoma: UsdfdlCMarkers
Arginasel HepParl Glypican3
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- Cytoplasmic staining - Granular cytoplasmic staining - Cytoplasmic/membranous staining
- Stains benign hepatocytes - Stains benign hepatocytes - Does not stain benign hepatocytes
- Welkdiff HCC > PooHgiff HCC - Welldiff HCC > PooHgiff HCC - Poorlydiff HCC > Wedliff HCC
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Stains yolk sac tumor, choriocarcinoma



Subtype Frequency | proenoziz Unigue Confirmatory Unigue chinical Unigue
- hiztology I M uno- ﬁndinga“ molecular
hiztochemiztry or findines
FISH =
Steatohepatific 20% stmilar ez Mo Bisk factor of fattv Mo
Irver dizeazs
Wlacrotrabecular massive 10% Weorze Parhial Mo Elevated serum AFF | Mo
Claar call T% battar ez He Mo No
Scirrhous 3% similar to ez Mo Mo Mo
better
Chromophobe 5% Similar ez ez Mo Yesz
Cirhotomimetic 1% Worse Parhial Mo Mo Mo
Fibrolamellar carcmoma 1% Smuilar to ez ez Youngs aze, no Yoz
better undarlying lrcer
dizeaze
Granulocyvte-colony- =1% Worsa ez ez Elavated zerum Mo
stimulating-factor white blood call
producing counts, ILG&, CREP
Lymphocyte nch =1% better ez Mo Mo Mo
Lyvmphoepithelioma =1% Inzufficient ez Mo Mo Mo
hapatocellular carcinoma data
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Hepatocellular Carcinoma Subtypes

Hepatocellular Carcinoma Subtypes by order of frequency.

Comparad to conventional hepatocallular caremmoma
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Other than prognosis
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Sufficientlr unigue to help define the subtype
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Carcinoma: Making Sense of
Morphological Heterogeneity,
Growth Patterns, and Subtypétim

Pathol, 2020



Hepatocellular Carcinoma Subtypes by order of frequency.

Hepatocellular Carcinoma Subtypes

Subtype Frequency | proenoziz Unigue Confirmatory Unigue chinical Unigue
- hiztology I M uno- ﬁndinga“ molecular

hiztochemiztry or findines

FISH =
Steatohepatific 20% stmilar ez Mo Bisk factor of fattv Mo

Irver dizeazs
Wlacrotrabecular massive 10%4 Worze Partial Mo Elevated zerum AFFP | Ho
Claar call T% battar ez He Mo No
Scirrhouas 5% similar to ez Mo Mo Mo
better

Chromophobe 5% Similar ez ez Mo Yesz
Cirhotomimetic 1% Worsa Partial Mo Mo Mo

Fibrolamellar caremoma

Bimailar to
heattor

Youngs aze, no
undarlying lrcer

dizease

Granulocyvte-colony- =1% Worsa ez ez Elavated zerum Mo
stimulating-factor white blood call

producing counts, ILG&, CREP
Lymphocyte nch =1% better ez Mo Mo Mo
Lyvmphoepithelioma =1% Inzufficient ez Mo Mo Mo
hapatocellular carcinoma data
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Comparad to conventional hepatocallular caremmoma
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Fibrolamellar HCC

A~1-5% of HCCs

AUnusual clinical setting
A< 35 years

ATypically no underlying liver disease
(noncirrhotic)

ABetter prognosis (than conventional HCC) [
.,

AIHC: CK7, CD68 (in addition to hepatocellt
markers)

AMolecular: DNAJBRRKACA (> 95%),
PRKAR1A (Carney complex)
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Intrahepatic cholangiocarcinom&CA

A~1015% of primary liver cancers
A Average age > 50 years

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

AConsidered to be (almost exclusively)
adenocarcinomas

AMain subtypes: large duct, small duct
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Small DuciCCA

AMassforming

AHistology:

ASmall tubular growth of cuboidal/low
columnar tumor cells

AG[ AGUOESE 2N y2 YdzOAy
A Abundant fibrous stroma (central >
peripheral)

AAssociations:

A~50% assoc. with chronic liver disease (viral
hepatitis, alcoholic liver disease, NASH)
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LargeductiCCA

APeriductal infiltrating
AProximal location (towards hilum)

ATubular adenocarcinoma
AlLarge glands
AMucin
A Abundant desmoplastic stroma

AAssociations:

ALess frequently associated with chronic liver
disease (~10%)
AHepatolithiasis, liver flukes, PSC
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Morphologic Overlap: Small duct vs. Large
duct

Private Information Ao N Pt = SN N Zen,HumPathO|,2022



Breakdown ofCCASubtypes/Variants

(aka more than you ever wanted to know)

- - I Unknownl
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| cholangiolocarcinomd | sarcomatoid| | Adenosquamoug | Clear celf

| Ductal Plate Malformation| [ Mucinous| | *Provisional Variantd]
I Lymphoepitheliomalike I I Mucoepidermoidl I Solidtubulocysticl

I Nonintraductal Papillaryl

I Nested uniform (NE-Tike) I

\ I Trabecular (HC{ike) I /

- Provisional variants (not included in 2019 WHO)
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Potential Pitfall: Notspecificity of Cytokeratin
Expression

ACK7and CK1%re generally considered to be associated with biliary
RAFFSNBYUAFOIAZ2YZ | h29+9wX

AFrequently expressed in metastatic adenocarcinomas

APancreatic, gastric, esophageal, pulmonary, breast, thyroid, gynecologic,
urothelial

ACKT7and CK1%an be expressed in a minority of HC&&1%,2-10%)

ACK1%an bereexpresseamn malignant hepatocytes (progenitor
phenotype)
AHigher rates of microvascular invasion and poorer disspseific survival

AHigher resistance to locoregional therapy (ex: TACE, radiofrequency ablation)
Chueet al, Mod Pathol 2000

Lau et alHumPatho| 2002  Kim et alHepatology 2011
Private Information Menz et aleum Pathol 2021 Rhee et aIMOd PathOl 2016



A74iCCA65 HCC, 13 combined HIOCTA i
A100% sensitivity folCCA R
A~92% specificity fdCCAover HCC) i - s

ANuclear staining f,{;:,z;"g oo 2455
AMay improve interpretation/confidence in j

conjunction with other biliary markers
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Limitations of HNF1B in Diagnosis of
Cholangiocarcinoma (what we currently know)

ANot specific for biliary dlﬁerentlatlom

AExpressed in 884% of pancreatic =~ 7 e e
ductal adenocarcinomas (PDAC) SR WA
AVariable expression in carcinomas of .- . a4 Lo
esophageal (27.3%), gastric (64.3%), - = & . 0 i,

lung (25%), bladder (38.9%), prostated -~
(26.7%), renal (76.2%), ovarian (77.8_ § i
and uterine (47.6%) origin -
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PDAC: Nuclear staining in 32/127 primary PDAC (30%), 12/17
metastatic PDAC (70%)

Private Information Yang et aIBiomarkReS, 2018



Tale of Two Adenocarcinomas

rold woman with an 8 cm liver mass and

multiple smaller satellite lesions

yea

Case 267-

8 cm liver mass

rold man with a single 7

Case 170yea
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ICCA/s. Metastatic Adenocarcinoma?

AMetastatic carcinomas more common (48x)

AHigh degree of potential morphologic overlap

AiCCAsmall or large duct) vs. metastatic adenocarcinoma of pancreatic,
gastrointestinal, pulmonary, gynecologic, or breast origin

Private Information



ICCA/s. Metastatic Adenocarcinoma?

AMetastatic carcinomas more common (48x)

AHigh degree of potential morphologic overlap
AiCCAsmall or large duct) vs. metastatic adenocarcinoma of pancreatic,
gastrointestinal, pulmonary, gynecologic, or breast origin
ACholangiocarcinoma typically considered a diagnosis of exclusion

Almaging can give provide clues (if provided/available)

APresence of mass lesions in other organs raises suspicion for possible
metastatic adenocarcinoma

AMultiple hepatic lesions +katellite lesions often viewed as evidence of
metastatic origin but can be initial presentationiGICA

Private Information



Adenocarcinoma In Liver : Role of IHC

APrimarily useful in distinguishing cholangiocarcinoma from metastatic
malignancy
A Gastrointestinal: CDX2, SATB2
ALung: TTFNapsinA
A Renal/Gynecologic (ex: endometrioid): PAX8
A Breast/urothelial: GATA3
A Prostate: NKX3.1
A Neuroendocrine: Synaptophysin, chromogranin
A Less common considerations: SOX10 (melanoma), WT1/calretinin (mesothelioma)

logy
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Adenocarcinoma In Liver : Role of IHC

APrimarily useful in distinguishing cholangiocarcinoma from metastatic
malignancy
A Gastrointestinal: CDX2, SATB2
ALung: TTFNapsinA
A Renal/Gynecologic (ex: endometrioid): PAX8
A Breast/urothelial: GATA3
A Prostate: NKX3.1
A Neuroendocrine: Synaptophysin, chromogranin
A Less common considerations: SOX10 (melanoma), WT1/calretinin (mesothelioma)

ABeware of low rates of expression in CCAS:
A CDX2 (29%), SATBH), TTF1 (27%), PAX8 (38%), GATA3 (5%)

Alnitial workup should be guided by history, imaging, and tumor morphology
A Consider a tiered approach (with unstained slides)
A Avoid exhausting tumor tissue for molecular workup

Private Information



Revisiting Case Examples: IHC Workup

Case 1 Case 2

A CK7+ A CK7+
A Negative for CDX2, SATB2, TTF1 A Negative for CDX2, SATB2, TTF1, PAXS,
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Case Examples: Working Differential

Primary Considerations

Not Supported

CK7 +/ HNF1B +

Mass-forming
Fosia9
Ak
sy Periductal-infiliratiog
e
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CCA

Cholangiolocarcinoma

ormation

PDAC

o

(Gastric/upper Gl)

TTFL:

CDX2/SATB2

PAXS

GATA3Z




Albumin In Situ Hybridization (ISH)

ADetection of albumin messenger RNA

AUseful marker of carcinoma of primary hepatic origin (HCCA
AHighly sensitive for HCC (880%)
AMajority of iCCApositive (6481%)

ANot expressed in extrahepatitiolangiocarcinomas

AVirtually never expressed in metastatic pancreatic adenocarcinomas
In liver

Shahid Am J Surg Patholog2015
Lin,Am J ClifPathol 2018
Nasir et alAm J ClifPathol 2019
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Revisiting Case Examples: Aloumin ISH

Alb ISH
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Case 1l
(Positive)
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Revisiting Case Examples: Aloumin ISH

Case 2

Case 1l
(Positive) (Negative)

8 Entrapped hepatocytes/biliary cells

Alb ISH D

Benign hepatocytes (internal control)
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Limitations of Albumin ISH

ADoes not distinguish between HCC a@gA

ANegative result does not reliably exclude primary hepatic origin
AEspeciallyfCCA$19-36% negative)



Limitations of Albumin ISH

ADoes not distinguish between HCC a@gA

ANegative result does not reliably exclude primary hepatic origin
AEspeciallyfCCA$19-36% negative)

ALo_w_LIeveI expression in a minority of carcinomas of +@patic
origin
A Gallbladder adenocarcinoma (39%), acinar cell carcinoma (29%), pulmonary

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

Albumin In Situ Hybridization Can Be Positive in
Adenocarcinomas and Other Tumors From Diverse Sites

Agsa Nasir, MBBS, Heidi D. Lehrke DO, Taofic Mounajjed, MD, Samar Said, MD, Lizhi Zhang, MD,
|CtS Saba Yasir, MD, Sejal 5. Shah, MD, Vishal §. Chandan, MD, Thomas C. Smyrk, MD,

Roger K. Moreira, MD, Jennifer M. Boland Froemming, MD, Loren P. Herrera Hernandez, MD,

Tsung Teh W, MD, PhD, and Rondell P. Graham, MBBS

Nasir et alAm J ClifPathol 2019



Limitations of Albumin ISH

ADoes not distinguish between HCC a@gA

ANegative result does not reliably exclude primary hepatic origin
AEspeciallyfCCA$19-36% negative)

ALo_w_LIeveI expression in a minority of carcinomas of +@patic
origin
A Gallbladder adenocarcinoma (39%), acinar cell carcinoma (29%), pulmonary

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

AMay be difficult to interpret Albumin In Situ Hybridization Can Be Positive in
A PatC hy/h ete roge neous Adenocarcinomas and Other Tumors From Diverse Sites

Agsa Nasir, MBBS, Heidi D. Lehrke DO, Taofic Mounajjed, MD, Samar Said, MD, Lizhi Zhang, MD,

AEntrapped benign hepatocytes’ b||e ducts Saba Yasir, MD, Sejal S. Shah, MD, Vishal S. Chandan, MD, Thomas C. Smyrk, MD,

Roger K. Moreira, MD, Jennifer M. Boland Froemming, MD, Loven P. Herrera Hernandezr, MD,

(good Counte rStaIn IS esse ntlal) TsungTeh Wi, MD, PhD, and Rondell P. Gvaham, MBBS

ALimited availability

rom the Division of Anatomic Pathology, Mayo Clinic, Rochester, MM,
Private Information NaSII' et al Am \J Cl”PathOl 2019




Final Interpretation
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59-yearold 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.
Case J9

Example



Tumor morphology

APoorly 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 formatiog Adenocarcinoma?
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Patchy Keratin

AE1/AE3

CKY7

CK20
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Differential Diagnosis (Keratin+, Malignant
Epithelioild Neoplasm In Liver)

APrimary liver carcinoma
AHepatocellular carcinoma (HCC)
AlIntrahepatic cholangiocarcinom#CCA
A Combined hepatocellulacholangiocarcinoma (HGTCA)

AMetastasis

AMetastatic carcinomas:
A Most frequently: Gl tract, lung, (breast)
A Less frequently: pancreas, kidney, prostate, bladder, corpus uteri, ovary

ANeuroendocrine neoplasm
AMesothelioma

Private Information



Features arguing against metastatic origin:

ACDX2Negative, does not support intestinal primary

ATTF1 Negative, does not support lung primary

APAX8 Negative, does not support renal primary

ANKX3.1 Negative, does not support prostatic primary
ASynaptophysin Negative, does not support neuroendocrine neoplasm
ACalretinin/WTZ1 Negative, does not support mesothelioma

AHlstory/Imaglng No extrahepatic mass and setting of cirrhosis argues
against metastatic adenocarcinoma

Private Information



IHC: Negative hepatocellular markers

HepParl Argl

Provided AFP stain was negative



Albumin ISH
Alb ‘ AT

HCC 85-90%

Intrahepatic 60-70%
cholangiocarcinoma

_ _ _ ~ShahidAm J Surg Patholog2015
(Does not support hepatic primary, but does not entirely exclude it) Lin,Am J ClifPathol 2018
Nasir et alAm J ClifPathol 2019
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Preliminary Diagnosis

Poorly differentiated malignant neoplasm, favor
carcinoma
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Management of HCC v€CA

Private Information

Cholangiocarcinoma

A Surgical:
I Liver transplant contraindicated

I Resection + LN dissection
A Majority recur (~60%)
A Systemic therapy:

I Durvalumab/pembrolizumab +
gemcitabine + cisplatin (new first
line)

Endo et alAnn Surg2008



HCC vsCCAPrognosis

100% A
!
]
750/0 N
oS
c
3 50%1
T
g .
e Hepatocellular carcinoma
25% - /
HCC
« Intrahepatic
0% 4 Logrank test: p < 0.001 Cholangiocarcinoma
0 12 24 36 48 60
Survival time (months)
No. at Risk

HCC 81903 39341 24650 16742 11978 8970
iICCA 11477 4210 2085 1190 787 557

Private Information

Lee,Hepatology 2021



Challenges of Distinguishing Primary Liver
Carcinomas based on Histomorphology

ALack of definitanorphologic/IHC features of HCCIGCA
ars

TorbensonGastroenterol Clin N2017
Balitzer KakarClin. Liver Dis2021



Challenges of Distinguishing Primary Liver
Carcinomas based on Histomorphology

ALack of definitanorphologic/IHC features of HCCIGCA
AHepatoid morphology but null expression of hepatocellular markers

TorbensonGastroenterol Clin N2017
Balitzer KakarClin. Liver Dis2021



Hepatoid Morphology with Null Hepatocellular It

Case 3 SURRTEEE |

i _____xfu. ’ 4> 2ab ‘,:I ¢ 3 . ﬁ
w2 ke % CKI HepParl

Case 12

CK19 Argl

Case 13

. : : o | P RS Sy Kikuchi et alAm J Surg
Private Information SRS f S =8 » CK19 St S LR  GSPC3 PathOl 2023




Challenges of Distinguishing Primary Liver
Carcinomas based on Histomorphology

ALack of definitanorphologic/IHC features of HCCIGCA

AHepatoid morphology but null expression of hepatocellular markers
AIHC Norspecificity

ALack of specific IHC markers if6CA

AHCC can express CK7, CK19, MOCZA0()

AiCCAarely can express GB8/(5%)

TorbensonGastroenterol Clin N2017
Balitzer KakarClin. Liver Dis2021
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Challenges of Distinguishing Primary Liver
Carcinomas based on Histomorphology

A

AVariants of HCC mimi€CA

Private Information

ALack of definitanorphologic/IHC features of HCCIGCA
AHepatoid morphology but null expression of hepatoc

HC Norspecificity
ALack of specific IHC markers ifBCA
AHCC can express CK7, CK19, MOC

AiCCAarely can express G8/(5%)

AScirrhous HCC V€CA
AGlandularpseudoglandulaformation

TorbensonGastroenterol Clin N2017
Balitzer KakarClin. Liver Dis2021



Challenges of Distinguishing Primary Liver
Carcinomas based on Histomorphology

ALack of definitanorphologic/IHC features of HCCIGCA
AHepatoid morphology but null expression of hepatocellula

ELg G W TR RN, N N ; ¥
RS ) Ve o

AIHC Norspecificity TSR e s
ALack of specific IHC markers fBCA B o s g
AHCC can express CK7, CK19, MOC

AiCCAarely can express GB8/(5%)

AVariants of HCC mimi€CA
AScirrhous HCC V€CA
AGlandularpseudoglandulaformation

ATumor heterogeneity

ACombined hepatocellulacholangiocarcinoma TorbensonGastroenterol Clin N2017
Balitzer KakarClin. Liver Dis2021
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Poorly differentiated carcinoma: HCCE@EA

HCC

IDHmutations 19-36%
PBRMImutation 11-17%
FGFR&usion 6-50%
BAP Imutation 7-29%
CTNNBMutation Uncommon
TER Promoter
mutation 2-3%
MY Camplification

17%

Schulze, Nat Genetics, 2015 Ally, Cell, 2017
* ETOHrelated HCCs Zou, NatCommun 2014 Schlaegeet al, Hepatol, 2008
Moeini, Clin Cancer Res 2016  Jusakukt al, Cancediscoy 2017
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NGS findings

PATHOGENIC AND LIKELY PATHOGENIC ALTERATIONS

CD274 (PD-L1) amplification

Likely Pathogenic

VARIANT TRANSCRIPT ID CLASSIFICATION READS MUTANT ALLELE
FREQUENCY
CRKL ampilification All Pathogenic ~15x N/A
MYC amplification All Pathogenic ~20x N/A
TERT promoter rearrangement N/A Pathogenic 129 N/A
TP53 ¢.560-2A>T NM_000546.5 Pathogenic 879 26%
All ~10x N/A
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Final Diagnosis

Poorly differentiated
carcinoma, consistent with
hepatocellular carcinoma
(lymphocyterich variant)

Fligrbensen Gastroenterol Clin N Am, 2017
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Genomic analysis in Pocedyfferentiated

Case #

Initial
Impression:
Integrated

Impression:

TERT
TP53
FGFR2
IDH1
BAP1
PBRM1
ARID1A
CDKN2A/2B
SMARCA4
CCND1
RB1
MYcC
NRAS
CD274
BRCA1
BRCA2
KEAP1
MET
ERBB2
ERRFI1
NF2
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Liver Carcinomas

AGenomic alterations were helpful in
classifying poorhgifferentiated PLCs In
14/16 cases (88%)

Impression
HCC
ICC
Indeterminate

Favor HCC
Favor ICC
Neither HCC or ICC favored
Genomic Alterations
Known hotspot mutation
Truncating mutation (frameshift, nonsense, splice site)
Rearrangment
Amplification
Missense mutation
Deep deletion
No genomic alterations by NGS
Not evaluated by NGS

Kikuchi et alAm J Sur@athol 2023




Genomic analysis in Pocedyfferentiated

se #

nitial
mpression:
ntegrated

mpression:

ERT
P53
R2
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Primary Liver Carcinomas

AGenomic alterations were helpful in
classifying poorhgifferentiated PLCs In
14/16 cases (88%)

Impression

HCC Favor HCC

ICC Favor ICC

Indeterminate Neither HCC or ICC favored
Genomic Alterations

Known hotspot mutation

Truncating mutation (frameshift, nonsense, splice site)

Rearrangment

Amplification

Missense mutation

Deep deletion
No genomic alterations by NGS

Not evaluated by NGS Kikuchi et alAm J Sur@)athOl 2023




