
Hepatocellular-Cholangiocarcinomas in Non-alcoholic 
Fatty Liver Disease: Evidence for Stem Cell Origin

Paulo Giovanni Mendoza,1 Wilson Tsui,2 Lorraine Ho,3 Michael Wayne,4 Alexander Kagen,5 Neil Theise6

1Department of Pathology and Laboratory Medicine, National Kidney & Transplant Institute, East Avenue, Quezon City, Philippines
2Department of Pathology, Caritas Medical Centre, Hong Kong, China
3Department of Radiology, Caritas Medical Centre, Hong Kong, China
4Department of Surgery, Beth Israel Medical Center of Albert Einstein College of Medicine, New York, New York, USA
5Department of Radiology, Icahn School of Medicine at Mount Sinai, Mount Sinai West, Mount Sinai St. Luke’s, New York, USA
6Departments of Pathology and Medicine (Division of Digestive Diseases), Beth Israel Medical Center of Albert Einstein College of Medicine, 
New York, New York, USA

INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is now the most 
common form of chronic liver disease in industrialized countries.1 
The histologic changes seen in patient livers include steatosis, 
steatohepatitis, and steatofibrosis. Many patients progress to 
cirrhosis and its associated complications of liver failure and 
hepatocellular carcinoma (HCC). Studies indicate that development 
of HCC in cirrhotic patients with NAFLD has a yearly incidence of 
2%-5%.2 Recently, reports of HCC developing in NAFLD in the 
absence of cirrhosis have started to surface.3-4 Currently, individuals 
who have NAFLD without underlying cirrhosis are not screened 
routinely for HCC at most centers because of the assumed low risk 
of cancer development, though such cases of pre-cirrhotic HCC 
raise questions in this regard.

Hypotheses about the pathogenesis of non-cirrhotic, NAFLD-
associated HCC have been suggested. One proposal suggests 
that these cases developed from malignant transformation of 
hepatocellular adenoma (HCA), particularly the telangiectatic 
subtype and those with β-catenin mutation, though whether HCC 
and HCA develop simultaneously or successively has not been 
clearly resolved.2,5 Some studies suggest that tumor suppressor genes 
such as phosphatase and tensin homolog (PTEN), promyelocytic 
leukemia and p53 play an important role in the development of 
steatosis with associated liver cell damage.6-7 It follows that the loss 
of tumor suppression could promote formation of HCC, even 
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ABSTRACT

The authors present two cases of combined hepatocellular-cholangiocarcinoma in a background of non-
cirrhotic, non-alcoholic fatty liver disease (NAFLD). The increasing incidence of NAFLD and the subsequent 
recognition of it being a pre-malignant condition even in the absence of significant fibrosis or established cirrhosis 
has led to the investigations of the different pathways involved in NAFLD-associated hepatocarcinogenesis, 
including speculations regarding the possibility that many derive from pre-malignant hepatocellular 
adenomas, tumors also increasingly associated with NAFLD, or reflect malignant transformation of mature 
hepatocytes through genetic and epigenetic alterations reflecting inflammatory changes in NAFLD. However, 
NAFLD, like most chronic liver diseases, leads to progressive activation of resident hepatobiliary stem/progenitor 
cells that are thought to give rise to malignant tumors in other settings. In particular, combined hepatocellular-
cholangiocarcinomas (with and without stem cell features) are thought to reflect malignant transformation 
of these activated progenitors. Our two cases of combined hepatocellular-cholangiocarcinomas suggest 
that malignant transformation of hepatobiliary stem/progenitor cells in NAFLD are also a possible pathway to 
malignancy, even in the absence of established cirrhosis.

Key words: hepatocellular-cholangiocarcinoma, non-alcoholic fatty liver disease (NAFLD), steatohepatitis, 
stem cell
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range of 89-340 U/L and 66-289 U/L, respectively. She remained 
asymptomatic. After more than 2 year interval, a follow up CT scan 
of the abdomen and pelvis revealed a large, peripherally enhancing, 
hypodense lesion replacing much of the posterior segment of the 
right lobe of the liver with intrahepatic infiltration of the segment 
to the level of the porta hepatis. An MRI soon after confirmed the 
hepatic mass measuring 4.8 x 5.2 x 6.6 cm. 

Patient underwent a right hepatic lobectomy.

Histopathology
Needle biopsy
Multiple cores of liver tissue were submitted for evaluation. All 
of the cores showed a moderate degree of steatosis (Figure 1). 
Histologic steatohepatitis (i.e. hepatocyte ballooning with or without 
Mallory-Denk bodies, neutrophilic infiltration) was not present. 
Trichrome stain showed mildly increased portal stroma, but no 
features more specific for steatofibrosis. Hemosiderosis was absent 
with Prussian blue stain. Periodic acid-Schiff stain following diastase 
digestion showed no alpha-1-antitrypsin globules. Prominent 
ductular reactions, large cell change, and small cell change were 
not identified.

Tumor resection
The specimen was a partial hepatectomy of the right lobe. Grossly, 
the tumor was pale brown to cream in color and fibrotic in 
consistency. It measured 7 cm in greatest dimension, was irregular 
in shape and had ill-defined borders. 

The histologic appearance of the non-tumoral liver showed an 
absence of the steatosis present in the prior biopsy specimen. 
Trichrome stain confirmed the mildly increased portal tract stroma, 
but again showed no steatofibrosis. Prominent ductular reactions, 
large cell change, and small cell change were not identified.

The histology of the mass is predominantly composed of malignant 
glands admixed with nests of tumor cells exhibiting hepatocellular 
morphologies (Figure 2). The glandular elements show a spectrum 
of moderate to poorly differentiated regions with some islands 
floating in mucin. Significantly, the nests of tumor cells with 
hepatocellular differentiation, have focal, peripheral small cells with 
increased nucleus:cytoplasmic ratio and nuclear hyperchromasia as 
have been identified in so-called “combined HCC-ChC with stem 
cell features, typical subtype” (Figure 2A)

without cirrhosis. Another mechanism that may contribute is the 
dysregulation of bile acid metabolism, which may induce hepatocyte 
apoptosis promoting HCC in the setting of steatosis.8 These various 
hypotheses all generally point toward tumor development from pre-
existing hepatocytes that undergo malignant transformation. 

We present two cases of combined hepatocellular-
cholangiocarcinoma (HCC-ChC) developing in a setting of NAFLD, 
one without significant scarring and the other with “incomplete 
septal cirrhosis” (possibly regressed fibrosis). The combination 
of histomorphology and immunostaining (stains summarized in 
Table 1) confirmed the tumor diagnoses. The presence of mixed 
hepatobiliary tumors, one containing an overt stem cell variant, 
raises the possibility that some hepatobiliary malignancies in 
non-cirrhotic NAFLD arise through the activation and malignant 
transformation of pluripotent liver stem/progenitor cells. 

CASE 1

A 49-year-old-woman, from the island of St. Vincent, but residing in 
New York City, was referred to Hepatology clinic for serum alkaline 
phosphatase elevation and sonogram with fatty liver. She denied 
any symptoms of fatigue, weight loss, pruritis, abdominal pain or 
distention. Past medical history revealed hypertension, dyslipidemia 
and pre-diabetes. Family history was significant for sarcoidosis. On 
physical exam, she was obese (body mass index of 31.0 kg/m2), 
had peri-orbital swelling and was in no acute distress. She had no 
stigmata of chronic liver disease or hepatosplenomegaly. 

Pertinent laboratory tests included serum alkaline phosphatase (ALP) 
of 223 U/L (normal: 38-126), serum aspartate aminotransferase 
(AST) 37 U/L (normal: 15-46), serum alanine aminotransferase 
(ALT) 66 U/L (normal: 13-69), GGT 275 U/L (normal: 0-51) and 
angiotensin converting enzyme (ACE) 85 U/L (nl: 8-57). Total 
cholesterol >240 mg/dl (normal:<200 mg/dl) and low density 
lipoprotein (LDL) >160 mg/dl (normal:<100) were significantly 
elevated. Serologic studies for hepatotropic viral infection and 
autoimmune disease were negative. Ceruloplasmin and alpha-1-
antitrypsin levels were within normal range. A computed tomography 
(CT) of the abdomen revealed fatty infiltration of the liver with no 
demonstration of hepatic mass. Ultra-sound guided liver biopsy was 
performed to evaluate the patient’s chronic liver disease. Following 
confirmation of NAFLD (and exclusion of sarcoidosis), she was 
referred to a nutritionist and recommended to lose weight.

For approximately two years thereafter, the patient had close 
follow up with her primary care physician in Beth Israel Medical 
Center’s Hepatology Clinic. Regularly scheduled blood work 
showed persistent elevation of her ALP and ALT levels with the 

Table 1.  Antibodies
Antibody Differentiation Company Titer
Hep Par 1 Hepatocytic lineages Dako 1:400
Keratin 19 Cholangiocytic and Stem / 

Progenitor cell lineages
Dako 1:100

EpCAM Cholangiocytic and Stem / 
Progenitor cell lineages

Leica 1:250

CD56 Stem / Progenitor cell 
lineages, Neuroendocrine 
differentiation

Leica 1:250

Arginase-1 Hepatocytic lineages Sigma 1:8000
Keratin 7 Cholangiocytic and Stem / 

Progenitor cell lineages
Dako 1:1000

Canalicular CD10 Hepatocytic lineages Leica 1:250
Canalicular CEA 
(polyclonal)

Hepatocytic lineages Dako 1:6000

Figure 1. Liver tissue cores with steatosis and absence of 
pericellular fibrosis, (Trichrome stain, 20x, H&E).
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After the uneventful operation, patient was compliant with follow up 
visits and medications until three years when diabetic nephropathy 
worsened. He underwent dialysis treatment and suffered from 
another event of stroke. At this time, he started to complain of 
numbness, back pain and dysuria. Work up showed metastatic 
tumor foci, compressing the vertebra at T4 and T5 level.

Histopathology
The submitted specimen is a segmental resection with a bulging 
tumor on the surface. The 4 cm tumor was pale brown with 
alternating areas of hemorrhage. No necrotic or cirrhotic 
regions identified.

The non-tumoral liver parenchyma contained within the resection 
specimen shows incomplete septal cirrhosis (probably regressed 
cirrhosis) with features indicative of diabetes associated, non-
alcoholic fatty liver disease, namely central-portal fibrous septa 
(Figure 3). Residual steatosis and histologic features of steatohepatitis 
are not identified. Prominent ductular reactions, large cell change, 
and small cell change were not present.

Immunohistochemistry
Needle biopsy
Immunostains for K19 and EpCAM did not demonstrate prominent 
ductular reactions or EpCAM positive hepatocytes.

Tumor resection
By immunohistochemistry, the areas with hepatocellular 
differentiation exhibited canalicular staining with polyclonal 
anti-CEA antibodies, but were negative for CD10, HepPar1 and 
arginase-1. Diffuse strong staining for keratins 7 and 19 and EpCAM 
were present throughout all forms of the tumor. The glandular 
components also showed cytoplasmic and luminal staining with 
polyclonal anti-CEA antibodies. The cuboidal cells surrounding the 
hepatocyte-like nests stain positively for CD56, a typical finding of 
the “typical” form of mixed hepatobiliary stem cell tumors.9,10

CASE 2

A 63-year-old male from Hong Kong presented in the clinic because 
of dizziness and vomiting. He is a known diabetic and hypertensive 
who presented with left sided weakness a few months prior to the 
present admission. On physical examination, he was conscious and 
alert with a blood pressure of 160/90 mmHg. Neither nystagmus 
nor other signs of cerebellar dysfunction were recognized. The 
lungs were clear and the abdomen was non-tender. There was no 
hepatomegaly or stigmata of chronic liver disease. His body mass 
index (BMI) was 23.9 kg/m2. Laboratory tests showed elevated 
blood urea nitrogen, creatinine, glucose and triglycerides. Serum 
liver enzymes were not elevated nor were there serologic markers of 
hepatotropic viral infection or of autoimmune disease. 

Upon sonographic assessment of the kidneys, an incidental, 
enhancing liver mass was found. The mass was seen next to the 
diaphragm, stomach and heart and was thus deemed technically too 
difficult to proceed with needle biopsy. The presence of a 2 cm 
mass with smooth outline was also confirmed via CT scan, revealing 
its close proximity to the surface and the risk of biopsy-associated 
rupture. Segmental resection of the bulging mass at segment 2 was 
done instead.

Figure 2. Case 1 tumor morphology (A) hepatocellular carcinoma 
admixed with (D) cholangiocarcinoma; (B) Positive canalicular 
staining with polyclonal CEA in HCC; (E) Keratin 19 with diffuse 
cytoplasmic staining in cholangiocarcinoma; (C) CD56 and (F) 
EpCAM highlight the stem/progenitor cell differentiation.

Figure 3. (A) Non-tumoral liver in case 2 with incomplete septal 
cirrhosis; (B) Trichrome stain highlighting septal fibrosis; (C) Positive 
membrane staining with EpCAM supporting stem cell features.

Figure 4. (A) Case 2 tumor morphology (Hematoxylin); (B) HepPar1 
highlights the HCC component of the tumor; (C) Keratin 19 
highlights the cholangiocarcinoma component of the tumor. (D) No 
stem cell features supported by a negative EpCAM stain.
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It is the latter form that has been presented as a precursor lesion 
to HCC in some pre-cirrhotic NAFLD cases.2

Some investigators suggest that the prolonged exposure of 
hepatocytes to the toxic effects of accumulated fats is the culprit.7,26 
These studies suggest that non-esterified free fatty acids (FFA) 
induce lipoapoptosis via the activation of the c-Jun N-terminal 
kinase (JNK) signaling pathway.27-29 The activation of the JNK 
pathways plays a pivotal role in the succeeding molecular events 
leading to hepatocyte apoptosis. Thus, it can be said that circulating 
levels of FFA correlates with liver disease severity as well as 
with molecular events increasing the likelihood of hepatocyte 
malignant transformation. 

Tumor suppressor genes have also been implicated by some 
authors who suggest that p53, promyelocytic leukemia and PTEN 
genes play an important role in the development of steatosis and 
steatosis-induced liver cell damage.6-7 Another potential mechanism 
relates to dysregulated bile acid metabolism in NAFLD which has 
been reported to induce apoptosis and may promote HCC in the 
setting of hepatic steatosis.8 

Our cases now suggest yet another pathway for the emergence 
of malignancy in non-cirrhotic NAFLD. Combined HCC-ChC 
(with or without stem cell features) accounts for <1% of all liver 
carcinomas.9 Even without the histologic and immunophenotypic 
demonstration of a cell compartment with stem cell features, most 
combined HCC-ChC are recognized as the result of malignant 
transformation of a bipotent hepatobiliary stem cell.10 The finding 
of combined HCC-ChC with stem cell features in the background of 
non-cirrhotic NAFLD raises the possibility that some hepatobiliary 
malignancies in this disease may arise through the activation and 
malignant transformation of liver stem/progenitor cells in that setting.

The development of steatohepatitis and the inflammatory cascade 
are likely to provide the clues to the carcinogenic potential of fatty 
liver disease.1 The accumulation of free fatty acids potentiates the 
vulnerability of the liver to the byproducts of inflammation. Increase 
fatty acids propels the cytochrome P4502EI producing reactive 
oxygen species (ROS) and lipid peroxidation.30 Overproduction 
of these molecules depletes the anti-oxidant mechanisms causing 
cellular injury and oxidative stress that may lead to hepatic 
hyperplasia. Contributory to the inflammatory cascade and 
hepatocyte apoptosis is the activation of JNK1, a protein kinase also 
activated by ROS and free fatty acid accumulation.1 ROS together 
with sustained activation of JNK1 may bring about hyperplasia31-32 
and increase in several genes important for hepatic proliferation.33 
Furthermore, IL-6, which is markedly elevated in NAFLD, is also a 
potent promoter of hepatocarcinogenesis.34-35

Steatosis via the ROS and toxin production also affects the 
liver’s inherent replicative capacity, causing its arrest leading to 
hepatocellular senescence.36 In effect, it thereby also stimulates 
hepatocellular stem/progenitor cell expansion – creating the ductular 
reaction – which by default becomes the source of regenerating 
hepatocytes.37 If the mutational events take place within the stem 
cell compartment directly or within their transit amplifying progeny, 
hepatobiliary progenitors in the ductular reaction, this pathway can 
lead to emergence of a combined HCC-CHC. The steatosis, thus, in 
some patients, may act as catalyst, through production of the above 
described molecules and cell/tissue reactions necessary to stimulate 
both stem cell activation, exposure of such cells to mutagenic events, 
and ultimately tumorigenesis. 

Histologically, the tumor cells are predominantly seen in pseudoacini 
and trabecular configurations exhibiting atypia with eosinophilic 
cytoplasm (Figure 4). Admixed in the surrounding desmoplastic 
stroma are irregular glands lined by columnar epithelium with large 
nuclei and prominent nucleoli. Stem cell features are not present. 
The tumor is seen extending to the subcapsular area and invading 
the vascular wall. 

Immunohistochemistry
Immunostaining for EpCAM highlighted focal ductular reactions, 
sometimes with adjacent, clustered, EpCAM positive hepatocytes, 
indicative of stem/progenitor cell mediated regeneration, albeit to a 
small degree, of hepatic parenchyma (Figure 3C).11 Immunostains 
of the tumor are presented in Figure 4. The areas with 
hepatocellular differentiation exhibited canalicular staining for CD 
10 and with polyclonal anti-CEA antibodies and strong and diffuse 
punctate staining for HepPar1. Stains for keratins 7 and 19 and for 
EpCAM were negative in these areas. Glandular components, on 
the other hand, stain positive for keratins 7 and 19, EpCAM and 
CEA (cytoplasm and membrane), but were negative for arginase-1 
and HepPar1. 

Discussion

NAFLD is the hepatic manifestation of the metabolic syndrome, a 
cluster of conditions that are related by obesity, insulin resistance, 
dyslipidemia and elevated blood pressure.12 Patients with NAFLD 
may show a spectrum of histologic features including steatosis, 
steatohepatitis and steatofibrosis, with some progressing to the 
complications of cirrhosis and hepatocellular carcinoma.

The clinical course of NAFLD is related to its histology at the 
time of diagnosis. Mild steatosis on presentation will usually 
connote a benign prognosis. Presence of steatohepatitis indicates 
an increased likelihood of disease progression that may lead 
to significant fibrosis. Statistically, 26%-37% of patients with 
steatohepatitis demonstrate progression to fibrosis over time, with 
up to 9% progressing to cirrhosis and 2%-5% to hepatocellular 
carcinoma.2,13-16 This natural history is reflected in the increasing 
incidence of HCC paralleling the epidemic of obesity in the United 
States, suggesting that NAFLD is a key factor linking obesity 
and HCC.17-20 

Moreover, increasing reports of HCC arising in non-cirrhotic 
patients with NAFLD raise the possibility that carcinogenesis 
occurs in NAFLD even in the absence of advanced liver disease or 
cirrhosis. Although uncommon, these cases show that cirrhosis is 
not necessary for the progression to HCC in patients with NAFLD. 
In this regard, data concerning contributory risk factors for its 
development have also become subjects of discussion. Obesity 
and diabetes are the two most prevalent risk factors mentioned 
in the literature that are associated with HCC in the background 
of NAFLD.21-22 

Several hypotheses have been proposed in previous reports for 
the mechanisms of NAFLD to HCC, particularly in pre-cirrhotic 
stages. Malignant transformation of HCA is one suggested pathway 
and has been reported with a frequency of 4.2%.23 HCA, though 
usually benign, represents a monoclonal tumor proliferation that 
has an inherent risk of undergoing malignant changes, more or less 
depending on the recently defined subtype.24 Among the different 
subtypes, HCA with β-catenin mutation and inflammatory HCA 
are the subgroups most associated with malignant progression.2,25 
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Conclusion

In conclusion, we present these two cases of combined 
hepatocellular-cholangiocarcinoma, one with overt stem cell 
features, as evidence for malignant transformation of hepatic 
stem/progenitor cells in the setting of NAFLD as one pathway of 
development, even when established cirrhosis is not present. These 
findings further underscore the increasing concern regarding the 
development of malignancies in non-cirrhotic NAFLD, inclusive of 
combined HCC-CHC in which the CHC component may indicate 
a particularly poor prognosis. 
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