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Abstract

Hepatocellular carcinoma (HCC) is the most common primary liver cancer and usually arises in cirrhotic
livers. Increasingly, it is diagnosed in non-cirrhotic livers. A variety of risk factors and etiologies can trigger the
development of HCC in non-fibrotic and non-cirrhotic backgrounds. The most important causes are metabolic
syndrome and hepatitis B virus infection. Postulated pathogenetic mechanisms are direct carcinogenesis,
chronic liver injury and repair cycles, and genetic/epigenetic aberrations. Histopathology has a very important
role in the diagnosis of non-cirrhotic HCC. Gross features of non-cirrhotic HCC are quite different from HCC
originating in a cirrhotic background. Microscopic characteristics are similar to a classical HCC. However, certain
histological variants show a predilection to occur in non-cirrhotic livers. These encompass fibrolamellar, scirrhous,
steatohepatitic and mixed hepato-cholangiocarcinoma subtypes. Due to the non-cirrhotic background, adenoma,
metastasis and most of the other non-neoplastic and neoplastic conditions enter the differential diagnosis. Genomic
studies and morpho-molecular classifications of HCC provide further understanding of the molecular pathogenesis
of non-cirrhotic HCC. This group however, has rarely been exclusively studied. This review offers an update of
etiology, patho-molecular characteristics and differential diagnosis of HCC arising in non-cirrhotic backgrounds.
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INTRODUCTION

Hepatocellular carcinoma (HCC) usually arises in a cirrhotic liver and is characterized by tremendous
phenotypic and molecular heterogeneity. Around 20% of HCCs arise in non-cirrhotic livers**. The
underlying etiologies, risk factors, pathogenetic mechanisms, gross specimen features, histological variants
and the differential diagnosis of non-cirrhotic HCCs is quite distinct from HCCs arising in cirrhotic
backgrounds. However, these aspects have not been adequately studied and further analysis of the
molecular genetics and pathological characteristics in non-cirrhotic HCCs is necessary. In this article, an
overview of the clinical, etiological and etiopathogentic, patho-molecular characteristics and differential
diagnosis of HCCs arising in non-cirrhotic backgrounds, are presented.

DEMOGRAPHIC AND CLINICAL CHARACTERISTICS

HCC is the most common primary malignant liver tumor and usually arises in cirrhotic livers. The

occurrence of HCC in non-cirrhotic livers varies across different geographic regions of the world with a

prevalence ranging from 7% to 54% . Most series, however, have reported a prevalence of around 15%-
[2-5]

20% .

The existence of HCC in non-cirrhotic livers has a bimodal age distribution, with peaks in the second and
seventh decades. Non-cirrhotic HCCs have a lower male to female sex ratio (1.3-2.1) in comparison to
cirrhotic HCCs where the ratio is 3.2 to 8:1. HCC in non-cirrhotic patients manifest with non-specific
symptoms or a clinically silent course in the initial period. This is due to the lack of surveillance imaging
and higher hepatic reserves, leading to a delay in diagnosis until an advanced stage with a larger tumor
burden has been reached”’. Extrahepatic metastasis is already present in more than 25% of these patients at

the time of presentation.

Non-cirrhotic HCCs usually display similar imaging features to cirrhotic HCCs on computed tomography
(CT) and MRI, with arterial phase hyper-enhancement followed by washout on portal venous and/or
delayed phase imaging”"”. However, due to the non-prototypical background, the development of HCCs in
non-cirrhotic livers is one of the most important indications for tissue diagnosis. Imaging features illustrate
a solitary mass with or without satellite lesions™"'. Similar to imaging, serum o-fetoprotein measurements
are similar for HCCs arising from both cirrhotic and non-cirrhotic backgrounds”.

The prognosis for non-cirrhotic HCCs is usually better than that for cirrhotic HCCs'”. Non-cirrhotic HCCs
are more amenable to hepatic resection due to the lower risk of liver failure. Patients without cirrhosis have

7,12]

longer survival (postoperative overall survival and recurrence-free survival) than patients with cirrhosis
[11,13,14]

However, the recurrence rate of HCC in non-cirrhotic livers is very high after surgical resection

ETIOLOGIC CONSIDERATIONS

A variety of conditions can be a risk factor for developing non-cirrhotic HCC.

Infections

Hepatitis B virus (HBV) infection is one of the most common underlying etiologies, especially in high
incidence areas. Up to 30% of HBV-related HCCs arise in non-cirrhotic livers"*'*. HBV infection can
directly trigger liver carcinogenesis by integration of the HBV genome into the host hepatocyte DNA. This
can cause secondary chromosomal rearrangement and genomic instability, or produce genototoxins such
as the HBx protein, resulting in HCC development in non-cirrhotic backgrounds[7’l7l. In addition, the X
protein of HBYV, through its interaction with p53, interferes with tumor-suppressor activity. This oncogenic
impact of HBV can remain even in treated cases or after seroconversion and resolution of HBV'"**”.
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Although relatively less common, chronic HCV-infection is also a risk factor for the development of HCC
in non-cirrhotic livers®***", HCV carcinogenesis is likely mediated by viral factors and the host immune
responsem. Oxidative stress in hepatocytes with sustained necro-inflammatory processes leads to cell
injury, repeated cell divisions leading to genetic alterations in stem cells, and cause transformation into
dysplastic and malignant phenotypes****. HCV does not integrate into the host genome, but its direct
hepatocarcinogenic potential is attributable to certain HCV gene products (core, NS3, NS4B and NS5A)
and has been reported in murine fibroblast culture studies. However, the carcinogenic potential of HCV is
much lower than HBV, and HCCs related to HCV mostly develop in cirrhotic livers”. A study reported
the annual incidence of HCV-associated HCC to be 0.8% among non-cirrhotic patients, and 2%-8% among

cirrhotic patients[m.

Metabolic syndrome and alcohol related liver disease

Metabolic syndrome is the most frequent cause of HCCs in non-cirrhotic backgrounds'”. NAFLD, with
or without NASH, is the hepatic manifestation of metabolic syndrome and a common risk factor for HCC
development™. 39%-49% of NAFLD-related HCC cases arise in non-cirrhotic livers™. Amongst various
etiologic links, patients with NAFLD most frequently develop HCCs in non-cirrhotic backgrounds"”.
Alcohol related hepatocarcinogenicity is almost exclusively due to the development of cirrhosis™™*".
However, excessive alcohol intake in the setting of chronic HCV and diabetes mellitus may potentiate
oxidative stress and free radical damage. This can lead to rapid progression to HCC even in non-cirrhotic
livers™®™. As shown in one study, 15% of non-cirrhotic HCC patients had alcohol-HCV infection

synergism'”,

The aforementioned cause-effect relationships for HCC development can be due to direct carcinogenic

action. Nonetheless, the role of chronic liver inflammation leading to repeated cycles of cell injury and
. . . . . . . . [31]

regeneration, and subsequent genetic and epigenetic alterations in hepatocytes, is equally plausible ™.

Hepatocyte injury resulting from microbial or sterile etiologies activates resident liver immune cells
and later, facilitates the recruitment of nonresident immune cells to the liver, thereby mounting a strong
inflammatory response. Persistent inflammation as a result of hepatitis virus or microbial attack resulting
from breaches of the gut-liver axis lead to the production of proinflammatory cytokines such as IL-s,
TNF-a, IL-1 and IL-18 through inflammasome-independent or -dependent pathways. Activated
transcription factors make the hepatic milieu a fertile zone for cellular transformation”. Tregs coupled to
the activation of Notch and TGF-p are involved in perpetuation of the inflammatory response and HCC

33]

development in patients chronically infected with the HBV"™.

Other liver disorders and tumors

Inherited metabolic and congenital diseases, in particular hereditary hemochromatosis, a-1-antitrypsin
deficiency, Wilson disease, type I glycogen storage disease, porphyria, hypercitrullinemia, Alagille
syndrome, and congenital hepatic fibrosis have predisposition to developing HCC in non-cirrhotic livers'.
Mild iron accumulation is found in background liver parenchyma in non-cirrhotic HCCs, indicating the

role of excess iron within hepatocytes as a genotoxic cocarcinogen factor*".

Other genotoxic factors such as aflatoxin B1, produced by the fungus Aspergillus flavus, can contaminate
cereals, legumes, spices and fruits"™”. It is metabolized by the P450 enzyme in the liver to generate an
epoxide, which binds to DNA and leads to the development of non-cirrhotic HCC via p53 mutation”***
and also, amplifies the risk of HCC development among patients with HBV infection through this
mutation™. Exposure to microcystins (metabolites of cyanobacterial blooms) through water and aquatic
food is also implicated in hepatocarcinogenesis™”. Chemical industrial carcinogens such as pesticides, vinyl
chloride, arsenic, tobacco combustion derivatives, and radioactive elements such as Thorotrast, can also

. 6
cause liver cancer[ ].
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Figure 1. Gross specimens: HCC in a non-cirrhotic background: massive solitary HCC in a patient with NASH (A); single HCC in HBV
related liver disease (B); multinodular HCC in a patient infected with HBV (C); steatohepatitic variant of HCC in a patient with NASH (D);
single large HCC in a patient infected with HCV (E); large HCC with prominent cholestasis and pseudoglandular pattern on microscopy
(F); combined HCC-CC in a patient infected with HBV (G); fibrolamellar HCC (H). HCC: hepatocellular carcinoma; HBV: hepatitis B
virus

Other liver lesions such as hepatocellular adenoma occur in non-cirrhotic backgrounds and can undergo
malignant transformation in around 15% of cases"”. Patients taking anabolic C17-alkylated androgenic

[40]

steroids are also predisposed to HCC development in a non-cirrhotic background ™.

PATHOLOGICAL FEATURES

Macroscopic evaluation of non-cirrhotic HCC

Gross examination of a non-cirrhotic HCC frequently displays a large solitary mass or a dominant mass
with small satellite nodules. This is in contrast to HCCs in cirrhosis, which has either a single nodule
or multiple small nodules'®***". In a study based on retrospective analysis of the gross specimens of 242
solitary and resected primary HCCs, the absence of cirrhosis was recorded in 45%. Various gross subtypes
including expanding nodular, multinodular confluent, nodular with perinodular extension were almost
equally prevalent in both cirrhotic and non-cirrhotic HCCs; the infiltrative type however, was far more
common in cirrhotic patients[“] [Figure 1].

Non-cirrhotic HCCs are more likely to develop intratumoral hemorrhage. It shows tumour heterogeneity
with variegated appearances due to necrosis and hemorrhage™. Intracellular fat accumulation is more
frequently seen in well-differentiated, non-cirrhotic HCCs™". Encapsulated tumors occur significantly
more in patients without cirrhosis"”. However other studies have reported lack of encapsulation in this
group[“]. Altogether, non-cirrhotic HCCs are markedly different from cirrhotic HCCs in terms of lesion

number, dimensions, fat content, intratumoral hemorrhage, and encapsulation .
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Figure 2. Histological patterns of hepatocellular carcinoma in non-cirrhotic livers: pseudoglandular (A), microtrabecular (B),
macrotrabecular (C), compact (D)

The published literature indicate more frequent metastasis, direct invasion of adjacent organs and
macroscopic portal vein or hepatic vein invasion in non-cirrhotic HCC, which is probably related to
delayed diagnosis or inherent biological aggressiveness'*"

Fibrolamellar HCCs are a distinct variant of HCCs known to occur in non-cirrhotic livers"™. Up to one
third of HCCs developing in noncirrhotic backgrounds are of the fibrolamellar type™*'. This variant forms
a heterogeneous and well-circumscribed mass”*”. On cut sections, prominent fibrous septa subdividing the
mass into a central zone of scarring and calcifications may be observed”.

Histopathology of HCCs arising in non-cirrhotic backgrounds

The histological evaluation of HCC specimens plays a key role in tumor staging and in distinguishing HCC
from its precursor lesions or other liver nodules™. Tumor biopsy based diagnosis is recommended for all

. . . s 1s [1,49,50]
nodules occurring in non-cirrhotic livers .

The pathological characteristics are similar to those of an HCC developing in a cirrhotic background.
Thickened tumor cell plates, malignant cytology, capillarization of sinusoids and evidence of invasion
constitute the principal diagnostic microscopic features. The four major histological patterns in HCC are
microtrabecular, compact, macrotrabecular and pseudoglandular. Of these, the trabecular form is the most
common histological pattern of HCC, both in cirrhotic and non-cirrhotic livers (41%-76%)[51] [Figure 2].
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A

Figure 3. Microscopic sections of histological variants of hepatocellular carcinoma occuring in non-cirrhotic backgrounds: fibrolamellar
(A), steatohepatitic (B), scirrhous (C), mixed hepatocellular-cholangiocarcinoma (D)

There are several histological subtypes of HCC such as fibrolamellar, steatohepatitic, lymphoepithelioma-
like carcinoma, combined hepatocholangiocarcinoma, clear cell HCC, sarcomatoid HCC and many
others"””. These HCC histological subtypes have distinct morphological features, some of which have
prognostic importance; recently, several have also been reported to have dysregulation of specific molecular
pathways with implications with respect to molecular targeted therapiesm. All of the subtypes can be
found in cirrhotic and non-cirrhotic livers but fibrolamellar carcinoma is found almost exclusively in non-
cirrhotic livers”™ [Figure 3]. FLC typically occurs as a single tumor in non-cirrhotic livers in younger
individuals"™'. Scirrhous HCCs are often located beneath the liver capsule and are most common in
non-cirrhotic livers”™***. Mixed HCC-cholangiocarcinoma subtype also occurs more frequently in non-
cirrhotic livers'. The steatohepatitic variant of HCC also often occurs in non-cirrhotic backgrounds.
Cirrhotomimetic HCC typically arises in cirrhotic livers but in rare cases, can occur in non-cirrhotic
livers"™
Immunohistochemical panel comprising glypican 3 (GPC3), heat shock protein (HSP70) and glutamine
synthetase (GS) may assist in diagnosis”*

. Well-differentiated HCCs are frequent in non-cirrhotic livers and have microscopic fat.

HCC is characterised by cytologic features which have prognostic importance and add heterogeneity
to the tumour phenotypem. The occurrence of steatosis, clear cells, cholestasis, giant cells, and other
miscellaneous features in HCCs in non-cirrhotic backgrounds is comparable with that in cirrhotic livers.
However, a few studies have shown that giant cells, multinucleate cells, local hepatic venous invasion by
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tumor, and Mallory bodies were 2.4, 2.0, 1.6 and 1.5 times more likely, respectively, to be found in tumors
occurring in patients with cirrhosis than those in patients without cirrhosis"”.

There is conflicting data on the occurrence of prognostic histological indices in non-cirrhotic HCCs.
Nzeako et al."” reported that cirrhotic patients, as compared to non-cirrhotic individuals, have a risk of
harbouring grade 3-4 tumors and venous invasion of 1.7 and 1.6 times respectively. Whereas extrahepatic
extension was reported to be greater in HCC arising in non-cirrhotic liver (20.5% vs. 6.5%)""; others have
reported comparable tumor differentiation and portal tree invasion between cirrhotic and non-cirrhotic
HCCs™.

Pathology of background liver

HCC may develop without advanced liver fibrosis or even in normal livers. The non-tumoral liver exhibits
features of chronic hepatitis, varying degrees of fibrosis, steatosis, iron overload or other metabolic
disorders™. In actuality, very few cases have an absolutely normal liver. However, in a study, 21/87 HCCs
occurred in non-cirrhotic livers, and histopathological evaluation showed that nearly a third had no fibrosis
in the liver'. Another study of 1,221 patients revealed that 238 (19%) had no cirrhosis yet the grade of
fibrosis was < F2 in 62% of all non-cirrhotic patients, and F3 in 8%. In another series of surgical resections
of HCC, a high rate of non-cirrhotic livers was identified (Fo-F1 38%, F2-F3 33%, F4 29%)[59]. Other
features such as liver cell dysplasia, more often the large cell type, was found in 27%-40% of cases' " and
these figures decreased to 6%-20% in the subgroup of non-fibrotic livers**'. The presence of NAFLD (12%
vs. 28%) is more common in patients without cirrhosis than in those with cirrhosis'®” [Figure 4].

Differential diagnosis of HCCs arising in non-cirrhotic livers

There is a plethora of inflammatory, immunologic, neoplastic and infective lesions that occur in a non-
cirrhotic liver background. However, from the point of view of histopathological interpretation, the most
important are preneoplastic and neoplastic conditions, HCC variants and tumor metastasis.

Dysplastic nodules are premalignant lesions, which are well-defined and circumscribed. These lesions
mostly arise from a background of chronic liver disease and more often, cirrhosis'”. These are
important for diagnosis as often, they come under the differential diagnosis of well-differentiated HCCs.
Immunohistochemical panels comprising glypican 3, HSP-70, glutamine synthetase, CD34 and CK7, are
particularly useful in such scenarios" [Figure 5].

The differential diagnosis between hepatocellular adenoma (HCA) and well-differentiated HCC arising
in non-cirrhotic livers is another challenging situation, especially the HCA subtype with cytological
or architectural atypia*. Clinico-pathological correlation helps to sort this conundrum. Malignant
transformation is one of the most important complications of HCA and is reported to occur in 4%-10%
of HCA""™!. Awareness about the malignant potential and predisposing risk factors such as male gender,
larger tumor size, and B-catenin activated subtype, is crucial .

Focal nodular hyperplasia (FNH) is another important differential consideration for HCCs occurring in
non-cirrhotic backgrounds. FNH, a benign lesion resulting from the regenerative response to vascular
abnormalities, has a characteristic histomorphology. A central scar with thick-walled vessels and nodular
regeneration of hepatocytes, with marked ductular reaction and inflammatory infiltrate at the junction of
fibrous bands and hepatocyte nodules, distinguishes FNH from HCC. A “map-like,” geographic pattern of

GS staining of FNH is especially useful in diagnostic dilemmas”™ ",

Awareness of other benign and malignant epithelial, mesenchymal and vascular tumours is crucial.
Cholangiocarcinoma is the second most common primary cancer and accounts for 15% of primary liver
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Figure 4. HCC in a non-cirrhotic background: HCC with pseudoglandular pattern in a background with FO-F1 fibrosis (A, HE stain;
B Masson Trichrome stain), HCC with microtrabecular pattern in FO fibrosis (C, HE stain), steatohepatitic HCC with F3 fibrosis in
background liver (D, MT stain). HCC: hepatocellular carcinoma

Figure 5. Immunohistochemical markers helpful for confirming hepatocytic origin and in confirming well-differentiated HCC: HepPar1
(A), polyclonal CEA (B), Glypican-3 (C), HSP70 (D), CD34 (E), glutamine synthetase (F). HCC: hepatocellular carcinoma
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tumors””. Glands lying in desmoplastic stroma and immunohistochemical expression of mucin1, CK7 and
CK19, while negative for hepatocytic origin, aids in the diagnosis’*’. Bile duct adenoma is often a difficult
differential, particularly in intra-operative frozen section examination. A subcapsular location and a well-
circumscribed appearance are important clues to the diagnosis. Vascular lesions such as hemangioma,
epithelioid hemangioendothelioma, angiosarcoma, and angiomyolipoma are other mimics of HCC
on imaging. The histopathology and immunohistochemical markers are quite distinct however, so the
diagnosis is straightforward.

Certain HCC variants have a predilection to occur in non-cirrhotic livers. Fibrolamellar, scirrhous,
steatohepatiic and mixed hepato-cholangiocarcinoma are the more frequent subtypes. Molecular pathways
and morpho-molecular features are reviewed in the molecular pathology section.

The fibrolamellar subtype merits special mention. It was first described by Edmondson in 1980, and is
a rare entity, accounting for less than 1% of all cases of primary liver cancer”. It is mostly encountered
in the young population without any underlying chronic liver disease, or other known predisposing risk
factors ™. Its key histological features are the presence of lamellar stromal bands surrounding nests of large
polygonal eosinophilic tumor cells, which have prominent nucleoli. The tumor cells display the presence
of cytoplasmic inclusions - ground-glass pale bodies, eosinophilic cytoplasmic globules, and Mallory-
Denk bodies. The immunohistochemical markers CK7 and CDé8 are expressed by tumor cells and have a

sensitivity of 100% and 96% respectively”*””", which are important for confirmation'”

Metastasis is the most common hepatic malignancy and occurs in non-cirrhotic livers. In patients without

underlying liver disease, HCC accounts for only about 2% of malignant liver neoplasms”*””, The lung,

colon, pancreas and breast are the most common primary sites that metastasize to the liver. In some cases,

these mimic HCC, particularly clear-cell renal cell carcinoma, clear-cell adenocarcinoma of the female
. . . . [78,79]

genital organs, adrenal carcinoma and hepatoid adenocarcinoma of the stomach ™.

PATHO-MOLECULAR CHARACTERIZATION OF HCC IN NON-CIRRHOTIC LIVERS

The etiology and etiopathogenesis for a vast number of non-cirrhotic HCCs still remain unknown.
Advancements in translational research have made it possible to analyse thousands of molecular targets
in HCC using microarray-based technologies as well as next-generation sequencing. However, unlike the
cirrhotic HCC and HCA, molecular pathways and classifications have not been exclusively studied in non-
cirrhotic HCCs. Genomic studies in this particular group would be able to elucidate the similarities and
distinctness of the underlying mechanisms and biology in comparison to the cirrhotic HCC. Despite the
scarcity of the literature, recent studies on the molecular pathology of HCC, regardless of the background
liver, provides vital information.

The most frequent mutations affect the TERT promoter (60%), which is associated with an increased
expression of telomerase. TP53 and CTNNBI1 are the next most prevalent mutations. These, combined with
low-frequency mutated genes (e.g., AXIN1, ARID2, ARID1A, TSC1/TSC2, RPS6KA3, KEAP1, MLL2),
represent the main deregulated pathways in HCC"™”.

Different pathways of genetic alterations point towards different hepatocarcinogenetic mechanisms in HCC
with and without cirrhosis. HCCs in non-cirrhotic livers are more often associated with higher -catenin
mutation, p21 expression, p14 inactivation, and global gene methylation, in contrast to higher p53 and
Wnt/B-catenin pathway aberrations seen in cirrhotic HCCs"*"*”. However, one study showed nuclear p53
labeling in 30% of non-cirrhotic HCCs"™'. Other studies have also suggested that tumor suppressor genes
play an important role in the development of HCC in the absence of cirrhosis"™ [Figure 6].
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Figure 6. Immunohistochemical markers representative of phenotypic correlates of dysregulated molecular pathways: TP53 (A), PD1
in immune cells (B), PDLT in tumour cells (C), CK19 in tumour cells (D), B-catenin nuclear positivity (E), glutamine synthetase diffuse
expression (F). PD1: Programmed death-1; PD-L1: programmed death-ligand 1

Analysis of miRNAs holds great promise for improving diagnosis and prognosis, along with the therapeutic
management of HCCs originating in non-cirrhotic backgrounds. miRNA, particularly hsa-mir-149
expression, is considered an independent risk factor for the poor prognosis of non-cirrhotic HCCs but
not for cirrhotic HCCs'"®”. Early and unique changes in circulating miRNA in the serum could allow it
to be a biomarker for the early detection of non-cirrhotic HCCs. A similar role of a three mi-RNA panel
comprising of miR-92-3p, miR-107, and miR-3126-5p in early HCC was shown by Zhang et al."* and
Koh et al."” reported the difference in expression of 16 miRNAs between non-tumor and HCC tissues in

non-cirrhotic livers"”

Few studies have pointed towards the role of altered mismatch repair genes in hepatocarcinogenesis. A
study to explore the presence of microsatellite instability (MSI) in 37 non-cirrhotic HCC patients with a
histologically normal liver, low alcohol intake and absence of HBV and HCV infection™, demonstrated
that 26 (43%) had MSI (16% of high grade). However, other authors did not find MSI to be significant in
non-cirrhotic HCCs™™*”.

Angiogenesis related characteristics are similar between cirrhotic and non-cirrhotic HCCs™. Favorable
outcomes in the fibrolamellar subtype might be partly due to the low number of cytogenetic aberrations
in this type of tumor®™’. Stemness marker expression analysis revealed that 88% of non-cirrhotic HCCs
were keratin-19 negative. Expression of K19 in this study demonstrated correlation with less tumor
encapsulation and with the presence of p53 mutation*”

Certain etiology specific studies have reported important molecular alterations in non-cirrhotic HCCs.

STAT signaling pathways have an important role in HCC-NASH"™, especially STAT-3 signaling with regard
to NASH associated HCC occurring in non-cirrhotic backgrounds. The literature advocates targeting
of the STAT-1 signaling pathway in steatohepatitic HCC with cirrhosis or severe fibrosis and NASH,
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whereas NASH-HCC without cirrhosis or fibrosis is mediated through the STAT-3 signaling pathway"”.
Tumor suppressor genes play an important role in the development of steatosis, liver cell damage and
HCC development in the absence of cirrhosis in fatty liver disease™
heterogeneous staining patterns of glutamine synthetase in non-cirrhotic livers were more commonly
overweight or obese"™”.

,84,94] .
. Patients whose tumors showed

HBYV infection has direct oncogenic potential and the accumulation of mutations in basal core promoters
and a high viral load is considered an independent predictor of HCC development. These mutational
patterns have the potential to identify those at risk of HCC development. HCC development in HCV
infected patients is mainly attributable to sustained necro-inflammatory processes and therefore, occurs
on a background of advanced liver fibrosis or frank cirrhosis. Studies have shown that several HCV gene
products (core, NS3, NS4B and NS5A) possess transformation potential in murine fibroblast culture,
suggesting that HCV also has direct hepatocarcinogenic potential*****!. Approximately 46% of HCV-
related HCCs exhibit CTNNB mutations™”. Of these, the majority arise in the absence of underlying
cirrhosis.

Overrepresentation of T>C at ApTpX with transcription strand bias, a pattern known to be strongly
associated with genotoxic injury, was reported in HCC developing in non-cirrhotic patients with high
alcohol and tobacco consumption. A variety of congenital and acquired conditions also induce the
development of HCC without underlying cirrhosis, often through alterations in cell cycle regulation,
oxidative stress, and increased levels of tumorigenic growth factors.

Dysregulation of molecular pathways in histological variants of HCC

Macrotrabecular massive HCC (MTM-HCC), a novel distinct subtype of HCC, is characterized by the
presence of a macrotrabecular pattern of more than 6 cells thick recorded in > 50% of the tumor as
described by Ziol et al.””. In another recent study, taking a cut off of > 30% macrotrabecular pattern,
MTM-HCC was found to be less often associated with cirrhosis”. This variant shows genetic aberrations,
which are related to cell cycle activation, chromosomal instability, the G3 transcriptomic subgroup, FGF19
amplifications and TP53 mutation™*”. MM-HCC is also characterized by the high expression of two key
regulators of neoangiogenesis and vascular remodeling, angiopoietin 2 and vascular endothelial growth
factor A (VEGFA)[59’1°°]. Endothelial-specific molecule 1 (ESM1) was identified as a biomarker for this
variant™,

The steatohepatitic subtype is characterized by prominent steatotic changes in the tumor cells, namely
fat accumulation, ballooning degeneration, the presence of Mallory-Denk bodies and peri-cellular
fibrosis ", SH-HCC also often occurs in non-cirrhotic backgrounds as shown in a recent study that
reported SH-HCC in 20% of the 96 HCC cases reviewed'*”. IL6/JAK/STAT pathway activation, wild type

CTNNB1 and TP53 are the molecular pathways implicated in the pathogenesis™'*". However, the literature
reports that CTNNB1 mutations (beta catenin pathway alterations) are less frequent in steatohepatitic

HCCs compared to conventional HCCs'"*.

Lymphocyte-rich HCCs are characterized by an immune rich stroma and have been demonstrated to
have cirrhosis in only 46% of cases in a recent comprehensive review""*. Molecular studies have revealed
that mutations of CTNNB1, AXIN1, APC, NOTCH1 and NOTCH2 were less frequently observed in
lymphocyte-rich HCCs than conventional HCCs"*, suggesting a relation between these pathways and
immune exclusion. In lymphoepithelioma-like HCC, oncogenes expressed from chromosome 11q13.3
(CCND1FGF19, and FGF4) are strongly associated with the immune checkpoint signature (CD274,
PDCD1, BTLA, CTLA4, HAVCR2, IDO1, and LAG3). Such differences in genetic aberrations from
classical HCCs provide insight into the need for therapeutic strategies that evade immune surveillance seen

in classical HCCs"*"*.



Page 12 of 17 Rastogi. Hepatoma Res 2020;6:47 | http://dx.doi.org/10.20517/2394-5079.2020.35

HBV
Metabolic syndrome
Hemochromatosis

Aflatoxin B1 Cirrhosis HCC-Cirrhotic
\ ) HCC-NC
@ Q@ Better Outcome
ud 3
2
E
3
7]
;
<
B PoorOutcome
TERT
ChronicInjury B-Catenin ...
Oxidative Stress p21 '
HBX-integration Methylation Years
Lipid-Peroxidatiot hsa-mir-149 HCC-Non Cirrhotic
Dysbiosis STAT3 ¥ B2 R A

VascularRemodelling : ﬁ
Deletion chromosome 19 5.8 aa
IL6/JAK/STAT SRS
Immune checkpoints
TSC1/TSC2

Figure 7. Genetic aberrations in non-cirrhotic hepatocellular carcinomas (HCCs)

Scirrhous HCC is another variant, which is less often associated with liver cirrhosis when compared with
conventional HCC"™". Genetic studies have highlighted TGF-B signaling, TSC1/TSC2 mutations and the
expression of stem cell markers as the main derangements'™*””

Fibrolamellar HCC is characterized by a chimeric transcript, found as a result of a deletion in the
chromosome 19 - DNAJB1-PRKACA chimeric protein*”. This genetic signature is not reported in other
tumors, which indicates that the mutation plays a key role in FL-HCC tumorigenesis[“’m]. Interaction
between the fusion kinase and b-catenin™"* also contribute to the pathogenesis of FLC. Comparative
genomic hybridization studies have demonstrated that in contrast to the classical HCC, the TP53, Wnt/
[-catenin, or surviving pathways, are not mutated in FL-HCC"""",

Combined hepatocellular-cholangiocarcinoma (cHCC-CCA) also occurs in the non-cirrhotic liver
background. Genomic sequencing shows a profile similar to conventional HCCs"'"”. Studies have shown
that the same oncogenic drivers delivered to hepatocytes could generate tumors with either a hepatocellular
or biliary phenotype, and such differentiation is mainly dependent upon the microenvironment created by
the oncogenic process'"”. Recurrent alterations in TERT, TP53, cell cycle genes, receptor tyrosine kinase/
Ras/PI3K pathway genes, chromatin regulators etc. were identified in cHCC-CCA, while IDH1, IDH2,
FGFR2 and BAP1 mutations were absent””. CCND1, MET and ERBB2 amplifications are present at higher
frequencies in CHCs compared with HCCs, whereas Wnt pathway alterations are relatively less frequent™.
The literature shows that in comparison to HCCs, TP53 mutations occur twice as frequently in cHCC-
CCAs. TP53 mutations in HCC are usually associated with a worse prognosis and poorly differentiated
histomorphology"*"**'. This suggests that cHCC-CCA is more similar to poorly differentiated HCCs and
explains its worse prognosis [Figure 7].

CONCLUSION

HCCs arising in non-cirrhotic livers are distinct from cirrhotic HCCs in many ways. The risk factors,
etiologies, pathogenesis, histopathology and the differential diagnosis, along with genomic pathways, differ
from the typical cirrhotic HCC. Current knowledge of phenotypic-molecular alterations are based on
studies on HCC irrespective of the liver background. Studies devoted exclusively to non-cirrhotic HCCs
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are scarce. In the era of molecular targeted therapies, there is an urgent need to analyze the carcinogenetic
mechanisms and pathology based phenotypic correlates of specific molecular aberrations in HCCs
originating in non-cirrhotic livers.
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