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Abstract: Liver cancer, predominantly hepatocellular carcinoma, is the second 
most common cause of cancer-related death in adults. Although infrequent in 
children, hepatocellular carcinoma is a terrifying diagnosis. Rising levels of 
 obesity and obesity-associated lipid metabolic reprogramming of hepatocytes 
are increasing the prevalence of lipid-rich hepatocellular carcinoma in young 
adults. Most pediatric liver cancers occur in otherwise healthy liver, with some 
exceptions such as progressive familial intrahepatic cholestasis, hereditary 
 tyrosinemia, alpha-1-antitrypsin deficiency, and genetic hemochromatosis. In 
the last decade, although aggressive multidisciplinary treatments including 
 surgical resection and chemotherapy have remarkably improved patient 
 outcomes in terms of decreased recurrence rate and increased overall survival 
rate, in children with unresectable liver cancer, the 5-year survival rate is still 
less than 20%. This chapter provides an overview of malignant epithelial tumors 
of the liver in children and adolescents. Hepatocellular carcinoma, lipid-rich 
hepatocellular carcinoma, fibrolamellar carcinoma, and cholangiocellular 
 carcinoma are discussed.
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INTRODUCTION

Liver tumors in children and adolescents are catastrophic events. While most 
occur in otherwise healthy liver, they may be associated with congenital  anomalies, 
genetic syndromes or metabolic conditions. Two significant entities are hepato-
blastoma (HBL) and liver carcinoma/hepatocellular carcinoma (HCC). Both 
 neoplasms account for 0.5–1.5% of all childhood neoplasms (1) and 4% of all 
pediatric orthotopic liver transplantations (OLT). HBL accounts for 67–80% of 
all pediatric liver cancers worldwide, while 20–33% are HCC. Prevalence of HCC 
is geographically and demographically dependent and is associated with the 
prevalence of Hepatitis B in the population (1). Differential diagnosis can be 
genuinely challenging considering the number of variants and subtypes that have 
been delineated over the last decade. Known predisposing factors for HCC in 
 childhood and youth are alpha-1-antitrypsin deficiency, hereditary tyrosinemia, 
genetic hemochromatosis, Wilson’s disease, acute intermittent porphyria, 
progressive familial intrahepatic cholestasis type 2, mitochondrial ETC disorders, 
glycogen storages diseases, and transaldolase deficiency. Several neoplastic 
conditions must also be considered in the differential diagnosis of HCC, including 
 epithelioid hemangioendothelioma of the liver, hemangiosarcoma, malignant 
rhabdoid tumor of the liver, undifferentiated embryonal sarcoma of the liver, 
biliary tract rhabdomyosarcoma, and the unique variant of neuroblastoma IVS. 
Some note should be given about fibrolamellar carcinomas of the liver, which are 
tumors of adolescence with a predilection for the left liver and have a tendency to 
be  challenging to resect (2–6). 

HEPATOCELLULAR CARCINOMA

HCC is the second most common primary liver malignancy in a pediatric setting 
(27%) following HBL. Vascular tumors and sarcomas constitute the remaining 
(1, 7). HCC is becoming a common indication for liver transplantation in child-
hood with an incidence rate of 0.3 to 0.45 individuals per million per year (23%). 
HCC is diagnosed more commonly in adolescents (10–14 years) but has been 
described in children age 5 and younger. Male children have a greater predisposi-
tion to HCC (3:1). HCC typically presents at a more advanced stage in children 
than in adults. Overall, only 0.5–1% of all HCCs occur in childhood. HCC has a 
broad etiologic spectrum including alcoholic cirrhosis, hepatitis B virus (HBV) 
infection, hepatitis C virus (HCV) infection and ingestion of aflatoxins from 
Aspergillus flavum in contaminated food, but these factors show a geographic vari-
ation. HCC is most common in central Africa (sub-Saharan regions) and southeast 
Asia, with an incidence rate of up to 1 per 1,000, most commonly as a result of 
HBV infection. HCC remains a common diagnosis in areas with high endemic 
HBV infection rates. There are rates of up to 100% positivity for HBV infection in 
Taiwan, and 64% positivity for HBV infection in Hong Kong SAR (Special 
Administrative Region of the People’s Republic of China) (8, 9). The integration of 
the HBV genome into the neoplasm genome can be detected by immunohisto-
chemistry and demonstrated at the molecular level, but this event is not necessar-
ily oncogenic; alone it does not result in liver carcinogenesis. A secondary 
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promoter (for example, environmental influences or genetic variations) is required 
for the development of HCC. In several countries, vaccination of neonates has led 
to a drop in HCC rate in childhood and adulthood.

Numerous genetic abnormalities are associated with HBV-HCC in adults, such 
as mutations in the cytotoxic T-lymphocyte antigen 4 (CTL A-4) gene, deletion or 
chromosomal loss of DLC1 (Deleted in Liver Cancer 1) or loss of heterozygosity 
on the KIF1b promoter region of the Mini-Chromosome Maintenance protein-7 
(MCM7) gene and enhancer II (EnhII) (1, 10, 11). Moreover, alterations of the 
basal core promoter (BCP) and precore regions of HBV have been found. It has 
been shown that Pre-S mutations (C1653T, T1753V, and A1762T/G1764A) are 
explicitly associated with an amplified risk of HCC (11, 12). HCV infection is 
rarer than HBV infection in children and so is less significant etiologically (13). 
Other non-viral conditions associated with HCC include glycogen storage  diseases 
type 1, 3, and 4 (poor metabolic control, size and number of adenoma, malignant 
transformation in adenoma), congenital portosystemic shunts (complete absence 
of portal vein or type 1a, presence of nodular regenerative hyperplasia, adenoma, 
and dysplasia), hepatic venous outflow tract obstruction/Budd-Chiari syndrome 
(long-standing obstruction, presence of nodular regenerative hyperplasia, inferior 
caval vein (IVC) obstruction, Factor V Leiden mutation (14), acute intermittent 
porphyria, porphyria cutanea tarda, hyper-citrullinemia, tyrosinemia (non-usage 
of [2-(2-nitro-4-trifluoromethyl-benzoyl)-1,3-cyclohexanedione (Nitisinone, 
NTBC) or late introduction of NTBC), familial intrahepatic cholestasis (BSEP 
deficiency, TJP2 mutations, MDR3 deficiency), alpha-1-antitrypsin deficiency 
(AATD), biliary atresia, Alagille syndrome, autoimmune hepatitis, Wilson’s 
 disease, and genetic hemochromatosis (1). Genetic syndromes predisposing to 
HCC include ataxia telangiectasia, Fanconi anemia, familial adenomatous 
 polyposis, and neurofibromatosis. Non-metabolic conditions are presented in the 
following section. Metabolic diseases are discussed separately.

Biliary atresia 

Biliary atresia (BA) is characterized by a necro-inflammatory process with destruc-
tive cholangitis (15, 16). The prevalence rate of HCC in BA is 1.3% (five out of 
387 patients) with all but one patient below five years of age. This figure is par-
ticularly alarming in the West where rates of BA are up to 30%, although it has 
been argued that the said figure may be confounded by surveillance bias (1). 

Congenital portosystemic shunts 

Congenital portosystemic shunts (CPSS) are another predisposing factor for liver 
oncogenesis. CPSS causes nodular transformation in the pediatric liver. Of all 
types of CPSS, patent ductus venosus, portal vein to IVC, or left portal venous 
system to IVC are the most common (17–23). Liver tumors have been observed 
in both extra- (35%) and intra-hepatic (13%) types at a median age of eight years; 
however, the malignant tumors (HBL, HCC, and sarcoma) are exclusively 
seen  alongside the extrahepatic variety. HCC occurs in 2.5% of patients with 
CPSS  (24). In the case of benign tumors like focal nodular hyperplasia (FNH) 
and  hepatic adenoma, shunt occlusion leads to a decrease in the size of the 
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tumor masses, but resection and shunt occlusion, as well as OLT, are necessary for 
malignant tumors (20). 

Budd-Chiari syndrome 

Budd-Chiari syndrome (BCS) is characterized by abdominal pain, ascites, and 
liver enlargement caused by blockage of the hepatic veins that drain the liver. BCS 
can be primary (75%) (polycythemia rubra vera, pregnancy, postpartum state, use 
of oral contraceptives, paroxysmal nocturnal hemoglobinuria, and lupus antico-
agulants) or secondary (25%) (compression of the hepatic vein by an outside 
structure [for example, a neoplasm]). HCC is a known sequela of BCS in adults, 
with a 5-year cumulative incidence of 4% (1). Nodular regenerative hyperplasia is 
more commonly associated with the onset of BCS, and is more often associated 
with male gender, FVL mutation, and inferior vena cava (IVC) obstruction, 
but can also be seen in tuberculosis, congenital venous webs, and IVC stenosis 
(25, 26). 

Alagille syndrome

Alagille is a multisystem genetic disorder characterized by interlobular bile ductal 
paucity and chronic hepatocellular cholestasis (27). Alagille syndrome is a result 
of mutations on one of the two genes: JAG-1 in 90% of cases, and NOTCH2 in 
about 1% of cases. Liver carcinogenesis in Alagille syndrome has been occasion-
ally reported (28–32). In the first two decades of life, patients can develop HCC 
in conjunction with Alagille syndrome and cirrhosis (32). Upregulation of Notch2 
in hepatocytes results in proliferation of hepatocyte and biliary epithelial cells; it 
also triggers diethylnitrosamine induced HCC formation in mice (33). Neoplastic 
cells commonly lose contact inhibition to undergo anchorage-independent prolif-
eration. They become resistant to programmed cell death by inactivating the 
Hippo signaling pathway. It results in activation of the transcriptional co-activator 
yes-associated protein (YAP). The transcriptional regulator YAP upregulates 
JAGGED-1 and activates NOTCH pathways in mouse models and humans with 
HCC and colorectal and pancreatic carcinomas (34). YAP is a transcriptional co-
activator and is responsible for the rapid proliferation of neoplastic cells becoming 
apoptosis-resistant. 

Autoimmune hepatitis

Autoimmune hepatitis (AIH) is a non-metabolic disorder that predisposes to 
HCC (35). The risk of HCC in adults with AIH is 3.06 per 1,000. Absolute risk of 
HCC as a sequela of AIH is slightly lower than the risk of HCC attributable to 
other causes of cirrhosis in adults like hepatitis B, C, or primary biliary cholangitis 
(PBC) (36). The risk of HCC is related to the extent of cirrhosis at the time of clini-
cal diagnosis of AIH (OR = 4.08). Abnormal liver enzymes (transaminases) are 
seen on final observation (OR = 3.66) (36, 37). Although the incidence of HCC in 
children is rare, AIH remains a common pediatric liver condition. Non-alcoholic 
fatty liver disease (NAFLD), type 2 diabetes mellitus, genetic hemochromatosis, 
and porphyria (acute intermittent and porphyria cutanea tarda) carry a high risk 
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of development of HCC in adults, but not in children (38). About 33–50% of all 
HCC cases in childhood are sporadic (1). 

Symptoms

Symptoms of HCC in noncirrhotic individuals are similar to those seen in patients 
harboring other liver tumors. The “tumor quia tumet” or mass-effect includes an 
abdominal mass, pain, and jaundice. Abnormal liver biochemistry alongside spe-
cific clinical signs and symptoms may be present if the tumor originates as a result 
of liver disease. Clinical signs may include splenomegaly due to portal hyperten-
sion and spider nevi, among others. There are no specific findings on full blood 
count associated with HCC. Liver function tests frequently give abnormal results 
particularly in children in whom HCC has occurred with frank cirrhosis. Alpha-
fetoprotein (AFP) is increased in 50–70% of patients with HCC, although it 
should be kept in mind that persistent elevations of AFP are found in hepatic 
regeneration. On the other hand, AFP levels greater than 400 to 500 ng/mL in a 
patient with liver cirrhosis is strongly suggestive of HCC. HCC should be sus-
pected when AFP levels fall between 200 and 300 ng/mL. AFP has prognostic 
value and has been used for years as a prognostic (relapse) indicator after chemo-
therapy. Elevations of the vitamin-B12-binding protein transcobalamin I is a useful 
indicator for the fibrolamellar variant of HCC or fibrolamellar carcinoma (FLC) 
(vide infra). Finally, the exclusion of known risk factors, such as HBV/HCV 
 serology, plasma and urine amino acid, urinary succinylacetone for hereditary 
tyrosinemia, biochemical serum level, and isoelectricfocusing-based phenotype 
for AAT should be routinely performed. If there is a suspicion of a genetic disease, 
a genetic confirmation of PFIC 2, hereditary tyrosinemia, and Alagille syndrome 
should be carried out as soon as possible.

Imaging 

Imaging is useful to determine the site and characteristics of the tumor, to estab-
lish the presence of tumor metastases, and to help the surgeon to assess the suit-
ability for prompt resection. HCC is difficult to distinguish from HBL on imagery. 
Both HCC and HBL are typically large and multifocal. In both tumors, there may 
be evidence of venous invasion, tissue calcification, and lung metastases. 
Ultrasound of HCC shows a large, heterogeneous, generally hyperechoic vascular 
mass. Computed tomography (CT) provides detailed information on the anatomic 
boundaries of liver tumors, which is essential for the pediatric surgeon. MRI scan-
ning gives information about tumor infiltration into surrounding tissue, enabling 
precise evaluation of segmental involvement. MRI findings of HCC show a hetero-
geneous, mostly hypointense neoplasm on T1-weighted images. MRI findings on 
T2-weighted images of HCC is mildly hyperintense in comparison with healthy 
liver. Contrast-enhanced T1-weighted images identify a pattern like CT. There is 
early arterial enhancement and reduced signal intensity in the portal venous 
phase. Imaging data is essential for clinical staging and surgical intervention. PET 
scans show areas of high metabolism, which is useful in localizing early metasta-
ses or recurrence of the neoplastic disease. In all children without cirrhosis, unless 
primary surgery is feasible, a biopsy is necessary. Image-guided needle biopsy is 
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usually favored to open biopsy due to the multifocal nature of the hepatocellular 
neoplasm. To avoid tumor seeding in children, the tumor should be approached 
along a short route through unaffected liver, avoiding Coinaud liver segments that 
will not be removed at subsequent surgery. Moreover, a coaxial biopsy should be 
used to obtain several cores of tissue with a single shot. The needle track should 
be plugged, either with gelatin foam or with a slurry of collagen. HCC in adults 
has been studied in greater detail than pediatric HCC in terms of cytogenetic and 
molecular characteristics. Future studies aim to outline molecular pathology of 
HCC in children (39). 

Morphology 

Morphology of adult and pediatric HCC are similar. There are several growth 
 patterns including trabecular (plate-like), solid/compact, pseudoglandular/acinar, 
and scirrhous (scleroting architectural pattern). Cytologic variants include 
 pleomorphic cells, clear cells, and sarcomatous cells (spindle cells or bizarre giant 
cells). The cytoplasm of the tumor cells is stained with Hep Par 1, a monoclonal 
antibody (clone OCH1E5.2.10) in a granular manner, without canalicular or 
zonal accentuation. The antigen detected by Hep Par 1 appears specifically associ-
ated with the mitochondrial membrane of hepatocytes. The use of antigen retrieval 
(high pH buffer) and a detection kit which eliminates non-specific biotin reactiv-
ity allows the pathologist to use Hep Par 1, which is highly effective on formalin-
fixed, paraffin embedded tissues. Cautious use of Hep Par 1 antibody in a panel 
with other positive (AFP, carcinoembryonic antigen with a polyclonal antibody, 
CD10) as well as negative (epithelial membrane antigen, carcinoembryonic anti-
gen with a monoclonal antibody, CD15) markers of hepatocellular differentiation 
may assist in accurate diagnosis of hepatocellular carcinoma (Figure 1). Epithelial 
cell adhesion molecule (EPCAM) expression seems to be far more robust in 
 pediatric than adult HCC (7, 40). In the future, transcriptomics studies may reveal 
additional data comparing adult and pediatric HCC.

Differential diagnosis

Distinguishing HBL from HCC may be straightforward in a few cases. HBL may 
be easily recognized if both epithelial and mesenchymal components are present, 
but when it shows a macrotrabecular architecture with well-differentiated fetal 
epithelial cells and no mesenchymal elements, distinction may be practically 
impossible histologically (7, 41). In this scenario, liaison with the clinician is 
critical. The pathologist should consider that HBL occurs more frequently than 
HCC in patients aged 5 or younger, very-low-birth-weight infants and premature 
infants, and with a multiple congenital anomaly syndrome, such as Beckwith-
Wiedemann syndrome. On the other hand, the presence of underlying hepatic 
disease, especially with a known risk factor, such as hereditary tyrosinemia, 
favors a diagnosis of HCC over HBL. In the most recent pediatric liver tumor 
consensus classification, the category of “hepatocellular neoplasm not otherwise 
specified” has been introduced to acknowledge the challenge of differentiating 
sporadic cases which show cells that are “transitional” between hepatoblasts and 
 hepatocytes (39, 42).
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Figure 1. Microphotographs of hepatocellular carcinoma. A. Solid pattern showing large 
hepatocytes organized in a solid architecture (top of the figure) contrasting with the lobular 
arrangement of non-tumoral hepatocytes (bottom of the figure) (Hematoxylin-Eosin staining, 
scale bar: 50 µm). B. Macrotrabecular pattern of growth showing trabeculae of hepatocytes, 
which are more than two cells thick. The cytoplasm of the tumor cells is stained with Hep 
Par 1, which is a monoclonal antibody (clone OCH1E5.2.10) in a granular manner, without 
canalicular or zonal accentuation. The antigen detected by Hep Par 1 appears to be quite 
specifically associated with the mitochondrial membrane of hepatocytes. The use of an 
antigen retrieval (high pH buffer) and a detection kit which eliminates non-specific biotin 
reactivity allows the pathologist to use Hep Par 1, which is very effective on formalin-fixed, 
paraffin embedded tissues. It seems that cautious use of Hep Par 1 antibody in a panel with 
other positive (alpha fetoprotein, carcinoembryonic antigen with a polyclonal antibody, 
CD10) as well as negative (epithelial membrane antigen, carcinoembryonic antigen with a 
monoclonal antibody, CD15) markers of hepatocellular differentiation may assist in the 
accurate diagnosis of hepatocellular carcinoma (Hep Par 1 immunostaining, Avidin-Biotin 
Complex, scale bar: 50 µm). C. Macrotrabecular pattern of growth showing trabeculae of 
hepatocytes, which are more than two cells thick. The cytoplasm of the tumor cells is not 
stained with FP2 (FP2 immunostaining, Avidin-Biotin-Complex, 50 µm). Mutations in the 
PKHD1 (polycystic kidney and hepatic disease 1) gene are responsible for all typical forms of 
autosomal recessive polycystic kidney disease (ARPKD). The PKHD1 gene is associated with a 
complex splicing pattern and its longest open reading frame product, fibrocystin, also 
known as polyductin, is a single transmembrane domain glycoprotein. FP2, a fusion protein 
containing the polyductin intracellular carboxy-terminus has been used to generate a 
polyclonal antibody that was applied to study the polyductin expression profile in human 
tissues. The anti-FP2 purified antiserum stains the renal collecting ducts, the thick ascending 
limbs of Henle in humans and the branching ureteric bud in mouse, the murine intrahepatic 
and extrahepatic biliary system, and cholangiocarcinoma (inset on the top of the 
microphotograph), but not hepatocellular carcinoma making an important negative marker 
of hepatocellular differentiation. Immunohistochemical detection of polyductin and 
co-localization with liver progenitor cell markers during normal and abnormal development 
of the intrahepatic biliary system and in adult hepatobiliary carcinomas. J Cell Mol Med. 2009 
Jul;13(7):1279-90).
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Staging 

Staging pediatric liver neoplasms is crucial, but the reality is that there are 
no   uniformly and broadly accepted staging systems for the pediatric HCC (7). 
In adulthood, the Barcelona Clinic Liver Cancer score is probably the most widely 
accepted system, because it assesses the state of the tumor, the state of the patient, 
and the condition of the liver. Use of the tumor node metastasis (TNM) staging 
system is controversial. TNM does not seem to be well-suited for predicting prog-
nosis in either pediatric HCC or adult HCC (43). Other staging systems include 
the Cancer of the Liver Italian Program (CLIP) scale and the Okuda system, among 
others (43). 

Once a diagnosis is reached, in the United States of America and Canada, the 
Children’s Oncology Group (COG) provides vital information to children and 
their families. This support continues throughout treatment and carries on 
after cure. The COG’s adoption of a system based mostly on surgical findings in 
the late 1980s has been particularly important for the treatment of HCC. In the 
late  80’s, the PRETEXT (PRETreatment EXTent) system was developed by the 
International Society of Pediatric Oncology (SIOP) Liver Tumor Study (SIOPEL) 
Group. The PRETEXT was revised in 2005, and again in 2017 (7, 44). This sys-
tem divides children with liver neoplasms into four categories consistent with the 
amount of liver segments not involved by the tumor (7, 45). A separate classifica-
tion includes the involvement of the portal and hepatic veins and IVC as well as 
metastatic disease. The interobserver reliability of the system remains neverthe-
less quite high. The significant advantage of PRETEXT staging is that it allows 
stratifying of patients to determine the most effective treatment. Involvement of 
hepatoduodenal lymph nodes has a role in staging. It is important therefore to 
take samples from lymph nodes associated with the hepatoduodenal ligament at 
the time of surgical resection. After resection of the tumor, the 5-year survival rate 
(5-YSR) ranges between 35and 50%, while the 5-YRR (5-years recurrence rate) is 
20–30% (7). 

Treatment and management

Traditionally, treatment of malignant liver neoplasm consists of a combination of 
chemotherapy and surgical resection. The highest cure rates are associated with 
complete surgical resection with tumor-free resection margins (R1 and R2 equal 
to zero using the TNM staging). In the case of a child with a liver neoplasm, when 
a predisposing condition is present, and HCC is likely, primary resection is indi-
cated without biopsy. PRETEXT grade I and II tumors (that is, having 3 or 2 adja-
cent sectors, respectively, tumor-free) are quite easily removed by surgery, but 
PRETEXT III tumors (in which only one sector or two nonadjacent sectors are 
tumor-free) necessitate a surgeon that specializes in liver surgery, and may also 
require intensive care facilities and liver transplantation teams. PRETEXT IV 
tumors (in which there are no tumor-free liver segments) are considered unresect-
able due to extensive liver involvement. Although complete tumor clearance with 
margins of at least 1 cm have been considered safe, recent discussion suggests that 
any clear margin (that is, less than 1 cm) may be acceptable. This suggests that all 
options should be investigated before declaring a tumor nonresectable. Segmental 
hepatic removal and resection require the application of an intraoperative 
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ultrasound examination, which must correlate with the volume of the liver that 
needs to be removed using CT- or MRI-based calculations (46). In pediatric HCC, 
the usual limit of resection is calculated by dividing the remnant liver volume 
(milliliters) by the patient’s body weight (kilograms). This value can safely exceed 
the usual 0.6–0.8 mL/kg. Orthotopic liver transplantations (OLT) as a treatment 
for HCC is still controversial, although the criteria for OLT in adults has been 
modified over time from unrestricted tumor limits to precise tumor burden which 
meets the conventional Milan criteria (CMC). The CMC-based safe limits for OLT 
are either a single tumor smaller than 5 cm in size, or in case of multiple tumors, 
no more than 3, and each not exceeding 3 cm in diameter. Satisfying this criterion 
allows a 5-YSR of about 70%. Unfortunately, there are no randomized prospective 
studies comparing liver resection with OLT as treatments for childhood HCC, 
although we must acknowledge that experience with OLT in pediatric HCC is 
limited (47). A low 5-YSR has been observed in earlier reports (48, 49) with val-
ues ranging between 29–35% in children with unresectable neoplasms. More 
recent reports from Pittsburgh and other centers show an improvement in 5-YSR 
rates, with values of up to 60% (50). Contraindications for OLT include extrahe-
patic disease and FLC. It has been proposed that decisions on which treatment is 
most appropriate should be made on a case-by-case basis. 

Ablative therapies include radiofrequency ablation and percutaneous ethanol 
injection (51), although these techniques have been explored mostly for adult 
HCC. Ablative therapy is comparable to surgery for tumor size equal to 3 cm or 
below, but its effect on HCC up to 5 cm or more is not confirmed to be better than 
tumor removal. Usefulness of ablative therapy for treatment of HCC of a size 
greater than 5 cm seems to be uncertain. 

Transfemoral hepatic artery chemoembolization (TACE) is an option for the 
management of adult HCC with improved 5-YSR in randomized controlled trials 
(52). TACE indications for pediatric HCC is similar to adult HCC; it may be con-
sidered a bridge to OLT or resection with attempted conversion of tumors from 
nonresectable to resectable. Advantages of TACE include the delivery of high con-
centrations of cytotoxic drugs to the tumor center, prolonged intratumoral dwell 
time of drug, and reduced systemic toxicity. TACE appears to be a safe and effec-
tive method in children with unresectable hepatocellular neoplasm and is useful 
for handling hepatic tumor burden, downstaging, and bridging to OLT (53–55). 
Occasionally, pulmonary embolism and thrombosis of some branches of the 
hepatic artery have been recorded as severe complications. Despite widespread 
use of neoadjuvant and adjuvant chemotherapy, there is little evidence to suggest 
that this translates to a benefit in survival as shown in the North American 
Intergroup Hepatoma study (INT-0098) and the International and in the 
Childhood Liver Tumor Study Group (SIOPEL) study (7, 44). Nevertheless, adju-
vant chemotherapy may be of benefit for children with completely resected HCC. 
The outcome was uniformly poor for patients with advanced-stage disease. These 
patients showed a 5-year event-free survival (5-YEFS) with stage III and IV HCC 
of 23% and 10% respectively. The resection of the neoplasm after neoadjuvant 
chemotherapy was practicable in two patients only. Similarly, the SIOPEL identi-
fied a 5-YEFS of 17% (1). In the three cooperative studies of the German Society 
for Pediatric Oncology and Hematology (GPOH), HCC has been targeted with the 
same regimens as HBL, with surgical resection highly recommended as the pri-
mary treatment in all patients (7, 56).
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Ifosfamide, a chemotherapy drug used to treat testicular cancer, soft tissue 
sarcoma, osteogenic sarcoma, urinary bladder cancer, small cell lung cancer, cer-
vical cancer, and ovarian cancer, is given in combination with cisplatin and doxo-
rubicin in a combination termed “IPA”. Cisplatin is a chemotherapy drug that 
interferes with DNA replication using chloride ions to displace water to give the 
aquo-complex cis-[PtCl(NH3)2(H2O)]+, while doxorubicin acts to stop growth of 
cancer cells by blocking topoisomerase 2. IPA was initially present as a chemo-
therapeutic combination in HB89, but in HB94 carboplatin and etoposide are 
added to the IPA combination (57). However, the results were not satisfactory, 
with disease-free survival of only 32% in HB94. Currently, high-dose carboplatin 
and etoposide are given for nonresectable HCC. The rationale is to achieve tumor 
regression to allow for surgical resection. A microscopic residual tumor (termed 
an R1 resection in relation to TNM classification) may be observed and requires 
careful histological examination. New targeted therapies for pediatric HCC are 
being explored and are proving to be promising. 

Sorafenib, a multikinase inhibitor that targets vascular endothelial growth 
 factor, in combination with doxorubicin has been demonstrated to be advanta-
geous in advanced adult HCC (58). This study showed improved progression-free 
survival time and tumor shrinkage. Moreover, GPOH showed that in 50% (6 of 12) 
of pediatric patients receiving PLADO (cisplatin/doxorubicin) and sorafenib as 
first-line therapy for HCC, there was complete remission at a median follow-up of 
20 months. Of these six children, four received PLADO/sorafenib and had a liver 
resection, whereas two children underwent OLT after a localized relapse. Alternate 
approaches with first- and second-line chemotherapy regimens include gem-
citabine/oxaliplatin (GemOx), 5-fluoruracyl (FU)/cisplatin, capecitabine/ cisplatin, 
5-FU/mitomycin, 5-FU/oxaliplatin, gemcitabine/cisplatin, 5-FU/ interferon, and 
monotherapy with sorafenib (59, 60). These approaches are derived from studies 
on adult patients because pediatric experience is limited. Some chemotherapy 
protocols have been investigated in pediatrics in small, single- institution trials. 
They include: (i) the combination of irinotecan,  vincristine, temozolomide, and 
bevacizumab; (ii) the combination of oxaliplatin, irinotecan, and gemcitabine; 
and (iii) the combination of gemcitabine and oxaliplatin (7). Experience in adult 
HCC suggests that GemOX is both efficient and well-tolerated in relapsed/refrac-
tory neoplastic disease (59). 

Knowledge of the biological pathways of liver carcinogenesis has increased 
in the last decade, generating potential for exploration of new targeted  therapies. 
Erlotinib, which targets the epidermal growth factor (EGF) pathway, may be 
useful for pediatric HCC (61–64). The mTOR or mammalian target of  rapamycin 
pathway inhibitor everolimus has been demonstrated to have antitumor  activity 
in clinical trials of adult HCC (61, 65, 66). cMET, a tyrosine kinase receptor for 
the hepatocyte growth factor, is implicated in neoplastic formation and prolif-
eration in both HBL and HCC. In a randomized phase 2 study, Tivantinib, a 
cMET inhibitor, has shown activity in a subset of patients with advanced HCC 
who had progressed on sorafenib (66–73). Cabozantinib, an inhibitor of c-Met, 
VEGFR2, AXL and RET, is used to treat medullary thyroid cancer and as a sec-
ond line treatment for renal cell carcinoma among others. It offers the potential 
of deactivating multiple mechanisms by which neoplastic cells proliferate (66, 
67, 74–78). 
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Treatment-response follow-up

Repeat CT scans or ultrasonography are useful to observe response to treatment. 
Imaging can document shrinkage of the liver cancer and chest radiography or CT 
scans can monitor potential progress of pulmonary metastases. Also, the presence 
of AFP levels alongside the lack of radiological disease is highly suspicious of 
minimal residual disease and more sophisticated investigation is mandatory. An 
increase in AFP levels after initiation of chemotherapy is usually a sensitive marker 
of treatment failure or relapse. Transcobalamin I has been used as a biomarker of 
fibrolamellar carcinoma of the liver or fibrolamellar variant of HCC. 

Long-term outcomes are dependent on demographics and treatment type. 
Survival of children aged 0–4 years is better than that of children aged five years 
and older, with a 5-YSR of 53% (unadjusted) compared with 32% for children 
aged 5–19 years. Prognosis is better in male children when compared with female 
children. Some ethnic evaluation studies identified that Asian children have rela-
tively low survival (13%), compared with white and black children (survival of 
33% and 46% respectively) (7). On the other hand, results of Surveillance, 
Epidemiology and End Results (SEER) database are puzzling. A large series of 218 
pediatric patients with HCC seem to show no significant difference in the overall 
survival by age at diagnosis, gender, race/ethnicity, or use of radiation (79–81). 
Pediatric excisable HCC seems to bear a better prognosis irrespective of histologic 
subtype. These patients seem to do worse than those with HBL (48). Analysis of 
post-OLT showed that 1-, 5-, and 10-YSR were 86%, 63%, and 58%, respectively. 
The primary cause of death of these patients was metastatic or recurrent disease, 
responsible for 86% of deaths in children with HCC (49).

HEPATOCELLULAR ADENOMA AND FOCAL NODULAR 
HYPERPLASIA

In the differential diagnosis, we should mention hepatocellular adenoma (HCA) 
and focal nodular hyperplasia (FNH). A large multicenter study resulted in 
 genotype-phenotype classifications of four subtypes of adenomas, including 
biallelic loss of TCF-1 gene/HNF1α HCA (42%), WNT pathway mutation/ 
β-catenin-activated HCA (12.5%), inflammatory HCA, and nonmutated/ non-
inflammatory HCA (82, 83). The genotype-phenotype HCA classification is 
 paramount because certain genotype-phenotypes are associated with HCC: 7% 
in HNF1α mutated adenoma, 13% in noninflammatory/nonmutated adenomas, 
and 46% in β-catenin-activated HA (83). An inflammatory HCA has the 
 distinctive features of sinusoidal dilatation and perivascular lymphocytic 
 inflammation with immunohistochemical evidence of serum amyloid associated 
(SAA) protein. Immunohistochemical staining of FNH with glutamine synthe-
tase shows characteristic map-like labeling. FNH is a hyperplastic liver lesion 
and should be considered a response to a pre-existing arterial malformation 
(84). Although FNH can occur as multiple lesions in one-fifth of cases, it is 
 usually a solitary hepatic lesion discovered incidentally. FNH is a common 
tumor lesion, second only to hemangioma and at least ten times more common 
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than HCA. Imaging is crucial; ultrasound is highly distinctive in detecting FNH, 
and both CT scan and MRI are highly reliable techniques in diagnosing FNH 
(85). Although FNH does not require a liver biopsy for the diagnosis due to 
good imaging criteria, biopsy may be important if the patient is outside of the 
typical age range. FNH is a benign lesion with very low risk of rupture and 
hemorrhage, and is treated with conservative management unless it becomes 
symptomatic (86). 

FNH presents grossly as a well-demarcated non-encapsulated lesion of 4–5 cm 
in diameter and harboring a central or slightly eccentric scar. Histologically, FNH 
shows a nodular-shaped architecture with normal hepatic plate architecture and 
no atypia, fibrous bands radiating from the central or slightly eccentric scar which 
contain “portal tract-like areas” with bile ductular proliferation, lack of interlobu-
lar bile ducts, and thickening of eccentrically located blood vessels. Reticulin stain 
demonstrates intact reticulin framework which is characteristically lost in malig-
nant hepatic lesions (87). On macroslides, the central scar contains large vessels 
with fibromuscular hyperplasia, intense lymphocytic infiltrate, and bile duct pro-
liferation, as well as normal hepatocytes with regeneration. Polyclonal carcinoem-
bryonic antigen is useful to reveal a hepatic origin but does not distinguish 
between benign and malignant tumors. Reticulin histochemical stain plays a 
major role in pinpointing hepatic adenomas. 

Although hepatic adenomas are more common in women of reproductive age, 
they are not extremely rare in children and adolescents. Hepatic adenomas are 
usually rare in males and have been associated with oral contraception and ana-
bolic steroid use, but most importantly various metabolic disorders, such as gly-
cogen storage disorder and galactosemia, can exhibit hepatic adenomas, even in 
childhood. It is rare to see marked elevations in liver enzymes. Genetic analysis 
can prove neoplastic etiology. Although multiple adenomas can occur, they usu-
ally are solitary. There is no liver cirrhosis as background, and differential diagno-
sis from macro-regenerative nodules is essential. Grossly, hepatic adenomas do 
not have a capsule, and there is no surrounding fibrosis. Microscopically, hepato-
cytes are arranged 1 to 3 cell plates thick with a normal appearance. Cytologically, 
the nucleus to cytoplasmic ratio is normal, but some mild variation in cell size 
may occur. Atypia is minimal or absent. Mitotic figures are nil or occasionally 
present, but steatosis, lipofuscin pigment deposition, and Mallory’s hyaline can be 
seen. There are no portal tracts, which are seen in both adenomas and HCCs. 
A useful feature in distinguishing an adenoma from a well-differentiated HCC is 
the presence of an intact reticulin framework. The protein FPA can be detected in 
the serum of children with malignant hepatocellular tumors, but it may not be 
specific. AFP is absent in adenomas. Similarly, glypican-3, which is a protein 
encoded by the GPC3 gene that is absent in adenomas and positive in HCCs or 
dysplastic nodules, although HCCs with negative glypican-3 immunostaining, 
can be seen. The differential diagnosis with FNH relies on the presence of fibrotic 
areas with bile ductules and abnormal blood vessels. Liver cirrhosis can help dif-
ferentiate an adenoma from the large regenerative nodule. Therapy consists of 
surgical excision. Because of the risk of life-threatening hemorrhage, excisional 
procedures are strongly indicated for lesions that could not be differentiated on 
needle biopsy. In the presence of adenomatosis, liver transplantation is essential. 

In young patients with a gene mutation predisposing to colorectal carcinoma 
(for example, TP53 and FAP), colorectal malignancy with metastatic disease can 
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occur at an early stage. Metastatic colon cancer needs to be excluded in these 
patients, and immunohistochemistry may help in this direction. Two antibodies 
may be beneficial: CDX2 and CK20. CDX2 (Caudal Type Homeobox 2), a gene 
that directs early embryogenesis in mice, is a marker for gastrointestinal differen-
tiation, especially colorectal differentiation. CK20 or K20, is an antibody for anti-
gen 20 of the keratin intermediate filaments of the cytoskeleton (88). If the tumor 
is metastatic in origin and arises from the colorectal portion of the gut, both stains 
should be positive. Also, in the differential diagnosis, a primary cholangiocellular 
carcinoma must be excluded. The antibodies CK7 and CK19 are appropriate 
markers for differentiation. Both antibodies are positive in the tissue of a primary 
cholangiocellular carcinoma (89–91). 

As indicated above, three antibodies are useful in highlighting the diagnosis of 
a primary hepatocellular carcinoma: HepPar1, glypican-3, and AFP. The combina-
tion of three positive antibodies aids in the diagnosis of HCC. Three antibodies 
may help in the differential diagnosis with malignant lymphoma: CD45 or com-
mon leukocyte antigen, CD3 (T-lymphocyte marker), and CD20 (B-lymphocyte 
marker). However, immunohistochemistry may not be necessary because cell 
cytology, tumor growth pattern, and desmoplasia help to exclude a malignant 
hematological neoplasm. Malignant lymphomas have little cytoplasm and no 
nested and trabecular growth pattern with a fibrotic stroma. Appropriately, the 
presence of synaptophysin and chromogranin are useful in identifying a neuroen-
docrine tumor, considering the nested and trabecular growth pattern can be a 
classic pattern for neuroendocrine neoplasms. 

LIPID-RICH HEPATOCELLULAR CARCINOMA

The most common histological patterns of HCC are solid, trabecular, pseudoglan-
dular, and scirrhous, with three recognized cytologic variants: pleomorphic, clear 
cell, and sarcomatoid. In the clear cell variant, cytoplasmic changes are related to 
glycogen and/or lipid accumulation (lipid-rich HCC, LR-HCC) within the tumor 
cells. In cytologic samples of low-grade lipid-containing hepatic neoplasms, dif-
ferentiation of neoplastic cells from benign steatotic cells can be extremely chal-
lenging (92–94). Fine-needle aspirates of benign lesions contain rigid cores and 
large tissue fragments, while LR-HCC shows a breakdown of the reticulin frame-
work (visualized with a routine special stain) with scattered cells and a fine gran-
ular-appearing background. LR-HCC is an uncommon HCC variant and needs to 
be taken into consideration, particularly now that non-alcoholic steatohepatitis 
and fatty cell change are more common in adolescence and youth (95–98).

FIBROLAMELLAR CARCINOMA

FLC or fibrolamellar variant of HCC is a rare variant of HCC, and recent investiga-
tions have identified a specific molecular signature (99–103). This neoplasm 
affects adolescents and youth with no significant gender prevalence primarily. 
FLC chiefly affects Caucasians. Unlike HCC, FLC is never associated with a 
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history of parenchymal liver disease. Liver cirrhosis and underlying metabolic 
disorders are not associated with this tumor. Although broadly considered a vari-
ant of HCC, it has been suggested that it ought to be reported as a distinct clinical 
and histopathologic entity (41, 100). FLC accounts for up to almost one-tenth of 
all HCCs. Moreover, FLC accounts for up to one-third of all pediatric HCCs. 

The characteristic histological features of this neoplasm provide the grounds 
for the singularity of this neoplasm. The Fibrolamellar Carcinoma Consortium is 
an institutional collaboration involving Memorial Sloan-Kettering Cancer Center 
(MSKCC), the University of California at San Francisco (UCSF), and Johns 
Hopkins Hospital. The Consortium was developed to address the challenges asso-
ciated with investigating FLC, such as small study samples and the lack of aware-
ness of the disease within the oncology community, and with identifying new 
treatment options. The Consortium presented the pooled demographic, clinical, 
pathologic, treatment, and survival data of 95 patients with FLC seen at the three 
institutions from 1986–2011 (104). 

Presentation

Clinically, abdominal pain, hepatomegaly, obstructive jaundice, ascites, systemic 
manifestations (for example, fever or sense of “fullness”), and rarely gynecomastia 
and BCS have been observed in patients harboring an FLC (100). Laboratory val-
ues that need to be taken into consideration are neurotensin, vitamin B12 binding 
capacity (transcobalamin), and des-gamma-carboxyprothrombin (104). Serum 
AFP is increased in just 10% of FLC cases, unlike with HCC where AFP is elevated 
in 60% of cases. X-ray imaging shows a central scar which resembles the central 
scar observed in FNH, a benign lesion with no correlation with FLC. The central 
scar of FLC is often calcified, which is unusual with FNH.

Grossly, FLC is typically larger than conventional HCC. FLC has an odd 
propensity to metastasize to regional lymph nodes. Thus, the pediatric surgeon 
should attempt to sample the regional nodes. FLC generally appears as well-
circumscribed, single white-brown hard mass that shows fibrous bands, similar to 
FNH. It usually involves the left lobe of the liver, but it has been reported in both 
lobes.

Pathology

Microscopically, the tumor is made of large polygonal cells with copious eosino-
philic cytoplasm (about 50 microns, that is, approximately double the size of a 
normal human hepatocyte, which is 20–30 microns) with granular character and 
large nuclei containing prominent nucleoli. At low magnification, thick fibrous 
collagen bands are seen transecting the tumor (Figure 2A). They may partially 
encircle or surround the tumor cells. On histology, pale cytoplasmic bodies (pale 
bodies) or ground glass cells and PAS-positive hyaline globules and copper depo-
sitions are also seen (Figure 2B). Bile is observed using negative Prussian Perl’s 
blue iron stain. In the differential diagnosis of FLC, sclerotic variant of HCC 
should be mentioned, which rarely harbors the parallel (or almost parallel) run-
ning collagen bands. Vascular invasion and necrosis may be seen. Radiological 
calcification may also be confirmed on histology. 
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Figure 2. Fibrolamellar carcinoma. A. Tumor tissue showing extensive intratumoral lamellar 
bands of collagen (blue) separating large polygonal cells (Masson’s trichromic stain, scale bar: 
50 µm). B. Tumor tissue showing large polygonal cells with vesiculated nuclei, large nucleoli 
and intracytoplasmic pale bodies (Hematoxylin and Eosin staining, scale bar: 100 µm).
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A controversial issue is the “mixed” FLC and HCC, but molecular pathology 
may resolve this dilemma in the future. Additional features that can be encoun-
tered are trabecular, adenoid or pelioid patterns that need to be taken into 
 consideration when evaluating needle or open biopsy. Metastases to the regional 
lymph nodes, peritoneum, and lungs are commonly seen. Immunohistochemistry 
is an important ancillary tool. FLC shows HepPar-1, keratin 7, epithelial mem-
brane antigen (EMA), CD68 and carcinoembryonic antigen (polyclonal anti-
body, p-CEA). 

Immunohistochemically, there is usually a lack of expression of AFP, synapto-
physin, and chromogranin. The p-CEA is shown in a canalicular pattern due to 
cross-reactivity to biliary glycoprotein I existing in bile canaliculi of healthy liver 
and HCC. Of note, the monoclonal CEA is usually negative. These findings have 
suggested to some authors that FLC may be a hybrid neoplasm of hepatobiliary 
type. FLC may also be positive for antibodies against CAM5.2 (a low molecular 
weight cytokeratin panel against keratin 7 and keratin 8 present on secretory epi-
thelia but not on stratified squamous epithelia), AE1–3 (a pan-cytokeratin mark-
ers grouping low and high molecular weight antibodies), and neurotensin. AAT is 
usually inconsistently expressed. CK19 is usually negative (105). There may be an 
expression of epithelial growth factor receptor (EGFR), and human epidermal 
growth factor receptor (Her-2) (106). Electron microscopy reveals copious mito-
chondria (107). Pale bodies contain fibrinogen. There is an abundance of rough 
endoplasmic reticulum (ER) in the neoplastic cells, which may also show dense 
core neuroendocrine-like granules. However, the neoplastic cells are not positive 
for neuroendocrine markers by immunohistochemistry (vide supra) or immuno-
gold-marked electron microscopy. Differential diagnoses include sclerosis-
accompanied adenosquamous carcinoma, cholangiocellular carcinoma, which is 
markedly glandular and mucin-positive (108), and FNH. FNH is smaller in size 
than FLC. FNH contains bile ductular proliferating associated stroma (fibrous) 
and inflammatory cells. Microscopically, FNH has neither gross bile staining nor 
hepatocyte atypia. Also, FLC must be differentiated from the sclerosing variant of 
HCC, which shows no oncocytic change of the neoplastic cells. This tumor is 
smaller in size than the tumor cells of FLC and shows a typical pseudoglandular 
pattern. Other differential diagnoses include metastatic carcinoma with sclerotic 
stroma (a full history is invaluable), neuroendocrine tumors (neuroendocrine 
markers proof by immunohistochemistry is useful), and paraganglioma, which 
harbors a Zellballen growth pattern, round/ovoid nuclei without atypia, vascular 
stroma but no dense fibrosis and is positive for neuroendocrine markers (109). 
A clear cell variant of FLC has also been described. (110). In addition to classic 
FLC, the neoplastic clear cells with empty cytoplasm have ballooning and rarefac-
tive changes to their mitochondria (100). 

A fusion gene between DNAJB1 and PRKACA characteristically distinguishes 
FLC from conventional HCC (103). This genetic abnormality is found with loss 
of genetic material on chromosome 19. It leads to the unusual combination of 
two genes, DNAJB1 and PRKACA. DNAJB1 is a DnaJ (Hsp40) homolog, subfam-
ily B, member 1 (DNAJB1) or a transcriptional target of forkhead box protein E3 
(FOXE3) in a pathway apparently crucial for the development of the eye. 
PRKACA encodes one of the catalytic subunits of protein kinase A. The  “chimeric” 
gene, which in turn produces an abnormal protein product, is an unusual com-
bination of the two normal proteins. Common pathways that are altered in HCC, 
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such as β-catenin and p53, are not differentially controlled in FLC. Occasionally, 
there is also an upregulation of other pathways including EGFR, MAPK, PI3K, 
and RAS (111). In 2015, Riehle et al. highlighted some of these pathways, show-
ing that mTORC1 is activated in FLC and has been found in association with 
fibroblast growth factor receptor 1 (FGFR1) overexpression. This data supports 
the use of FGFR1 inhibitors in patients with FLC (112). Recently, data from the 
Fibrolamellar Carcinoma Consortium has identified and updated overall survival 
of FLC (104). About 3/4 of patients with FLC undergo surgical resection and/or 
OLT and 1/3 receive perioperative therapy. Preoperative chemotherapy, includ-
ing external beam radiation, and TACE with doxorubicin are the milestones of 
the perioperative therapy. Chemotherapy agents used in FLC include cisplatin, 
doxorubicin, fluoropyrimidines, gemcitabine, irinotecan, and oxaliplatin. 
Postoperative adjuvant chemotherapy and/or radiation should also be consid-
ered as relevant options (104). 

PEDIATRIC METABOLIC CONDITIONS PREDISPOSING TO 
HEPATOCELLULAR CARCINOMA

This section lists metabolic conditions that may predispose to the development of 
HCC. Liver cirrhosis has been considered a precursor of HCC irrespective of etiol-
ogy because dysplasia can occur in the setting of a regenerating nodule, but this 
argument is mainly relevant for adult HCC. In childhood, pediatric metabolic 
conditions play a major role. About one-third of pediatric cases of HCC are associ-
ated with cirrhosis, while liver cirrhosis is present in two-thirds to 90% of adult-
onset HCC. The list of pediatric metabolic conditions may be not complete but 
illustrates most of these conditions. This list includes alpha-1-antitrypsin (AAT) 
deficiency, hereditary tyrosinemia 1, glycogen storage diseases types I, III, and IV, 
genetic hemochromatosis, Wilson’s disease, acute intermittent porphyria, progres-
sive familial intrahepatic cholestasis type 2, mitochondrial electron transport 
chain (ETC) disorders, and transaldolase deficiency. However, in some of the 
above conditions, HCC does not occur at the pediatric age. The most prominent 
disease in this category of predisposing conditions to HCC is AATD. 

Alpha-1-antitrypsin deficiency

AATD (Laurell-Eriksson-Syndrome) is the result of a gene mutation, commonly 
found in Caucasians. AAT expression is regulated by the SERPINA1 (SERine 
Proteinase INhibitor) gene which expresses codominant alleles. The SERPINA1 
gene is situated on the protease inhibitor (Pi) locus. It is on the long arm of chro-
mosome 14 (14q31–32). The three most common alleles are the normal M allele, 
the S allele and the Z allele. In the setting of the S allele, AAT plasma levels are 
about 60% of normal, while in the setting of the Z allele AAT plasma levels are 
about 10–15% (113, 114). The nomenclature of SERPINA1 alleles is based on 
isoelectric focusing-determined migration of the protein variants that were identi-
fied long before the gene was known. The coding of the alleles was based on 
migration in gel electrophoresis using the prefix PI (protease inhibitor) serving as 
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an alias for the gene (115). The normal AAT protein (the M protein) migrates to 
the middle of the isoelectric field, while the abnormal AATD protein (the Z vari-
ant) migrates slowly. Null alleles are pathogenic alleles that result in either no 
mRNA product or no protein product. Homozygosity for the Z mutant allele is 
accompanied by abnormal retention of altered AAT molecules in the liver, which 
may lead to neonatal hepatitis, liver disease in children, and liver disease with the 
development of HCC in young adults (116). AAT is an acute-phase protein with 
strong inhibitory activity towards proteolytic enzymes, mainly elastase but also 
trypsin, chymotrypsin, and thrombin. Lack of AAT is also associated with higher 
risk of chronic obstructive pulmonary disease (COPD), which is characterized 
clinically by lung emphysema, chronic bronchitis and/or persistent airflow 
obstruction in young and middle-aged adults, especially smokers. Adult-onset 
AATD-determined liver disease manifests with fibrosis and cirrhosis. It may occur 
in the absence of a history of childhood (or neonatal) liver disease. The risk for 
HCC is increased in individuals with AATD. The hepatocytes are the main source 
of AAT. 

The SERPINA1 gene is closely controlled by different cytokines, including 
interleukin-1 (IL-1), tumor necrosis factor α (TNFα), and the interleukin-6 family 
of cytokines (interleukin-6, leukemia inhibitory factor, oncostatin M). Genetic 
mutations of SERPINA1 cause disturbance in protein structure, resulting in 
polymerization and intracellular accumulation of the protein. The point muta-
tions accountable for the molecular instability of the protein occur in the axes and 
sliding regions of the protein. They are located in the areas involved in the move-
ment of the reactive loop (117). These mutations allow for the spontaneous open-
ing of the main β-pleated sheet of the molecule. It leads to a swift insertion into 
the sheet of the reactive loop of the subsequent AAT molecule. As a result, loop-
sheet polymers are formed. Individuals who are either homozygous for most 
common mutated variant (– Z), or two other rare variants (Siiyama and M-Malton/
M-Cagliari), show protein aggregation (113, 114, 118). The histological hallmark 
of liver disease in AATD is the identification of AAT-containing globules which are 
positive to diastase-resistant PAS-D staining in periportal hepatocytes. The link 
between AAT and liver malignancy has been explored from several aspects, for 
example, AAT polymorphisms, elevated serum levels and changes in the content 
of oligosaccharides of AAT. The impossibility to extrude AAT from the ER leads to 
the accumulation of polymers in the ER of hepatocytes, leading to damage of the 
hepatocytes by the gain-of-function mechanism. This mechanism, by which accu-
mulation of protein damages the cell, is crucial. There is evidence from investiga-
tions using mice transgenic for the Z mutant of the human AAT (AAT-Z) gene in 
which hepatitis, and then HCC, developed (119). Marcus et al. recognized an 
AAT-Z altered regulation of several genes, including cyclin D1 and MCAM, both 
of which led to cell proliferation and tumorigenesis (120). Genetically engineered 
fibroblast cell lines arising from the skin of individuals with PiZZ phenotype with 
or without liver disease indicate that there is a hold-up in ER degradation of 
A1AT-Z (121). The key to liver carcinogenesis seems to reside in inefficient degra-
dation of A1AT-Z in the ER. Variation in the function of mechanisms of intracel-
lular protein degradation and/or variation in the pathways of signal transduction 
activated to protect the cell from protein mis-localization and/or aggregation seem 
to result in abnormal cell metabolism of hepatocytes, predisposing to liver carci-
nogenesis (122). It is known that terminally misfolded proteins are transported in 
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a selective manner from the ER into the cytosol. These molecules are subsequently 
ubiquitinated and degraded by the proteasome in a process called ER-associated 
degradation (ERAD). Lack of efficient protein degradation or accumulation of 
misfolded proteins in the ER overwhelms the degradation machinery of the cell, 
and several ER response pathways are activated. These pathways include the pro-
teasomal degradation pathway and autophagy (118, 123, 124). While the protea-
some is accountable for degrading soluble forms of the Z variant protein (125), 
autophagy is specific for the removal of insoluble polymers and aggregates. 
Teckmann et al. found that retention of AAT-Z in the ER is associated with a 
marked autophagic response (126, 127). The diagnosis of AATD relies on the 
serum concentration of AAT by radial immunodiffusion or nephelometry with 
molecular genetic confirmation of the variants by screening for the SERPINA1 
gene. In conjunction with the periodic pulmonary function tests, children and 
young adults with AATD and established liver disease should undergo periodic 
(annually or half-annually) ultrasound examination of the liver to monitor for 
fibrotic changes and HCC occurrence. 

Hereditary tyrosinemia I

Hereditary tyrosinemia I (HT1, OMIM 276700) is the result of an abnormality of 
the tyrosine catabolic pathway due to deficiency of the enzyme fumarylacetoace-
tate hydrolase. It is an autosomal recessive disorder. In the liver, there is an accu-
mulation of toxic metabolites (maleylacetoacetate, fumarylacetoacetate, and 
succinylacetone) which lead to hepatic and renal manifestations of the disease and 
carcinogenesis. HCC occurs commonly in HT1, with a prevalence of 14–75% 
(128, 129). Clinically, the spectrum is widely heterogeneous and includes acute or 
chronic liver disease, glomerulosclerosis, hypophosphatemic rickets due to renal 
tubular dysfunction, neurological porphyria-like crisis, hypertrophic cardiomy-
opathy, hypoglycemia due to hyperinsulinism, and failure to thrive. Currently, 
treatment of HT1 is inhibition of the formation of toxic metabolites by nitisinone 
[2-(2-nitro-4-trifluoromethyl-benzoyl)-1,3-cyclohexanedione; NTBC] and the 
reduction of tyrosine levels by dietary treatment. Heat shock proteins and anti-
apoptotic proteins have been found to be altered in HT1. Presumably, there is a 
mechanism whereby transformed cells have a survival advantage in murine mod-
els of HT1 (130, 131). There is a small risk of liver cancer in NTBC treated HT1 
patients because this compound blocks the enzyme parahydroxyphenyl-pyruvic 
acid dioxygenase, which is involved in the tyrosine degradation pathway, thus 
preventing the accumulation of fumarylacetoacetate and succinylacetone. On the 
other hand, animal models have revealed that NTBC treatment is unsuccessful in 
normalizing tyrosinemia-induced changes in the expression of transcripts encod-
ing proteins involved in signal transduction, protein turnover, cell growth, and 
cell proliferation (132). In one study on pediatric patients who underwent OLT, 
HCC was found in 12 (75%) liver explants, but in another Iranian study, HCC 
was present in just 5 (23%) of the 22 liver explants (133). Screening is recom-
mended in HT1 patients, using regular measures of AFP and imaging. Surveillance 
typically includes ultrasound, but in the event a suspicious lesion is found, MRI 
could be used for characterization and staging of lesions, as it is more sensitive 
compared to ultrasound. 
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Progressive familial intrahepatic cholestasis type 2 

Progressive familial intrahepatic cholestasis type 2 (PFIC 2) is associated with a 
mutation in the ABCB11 gene, resulting in a deficiency of bile salt export pump 
(BSEP), a membrane acid transporter of bile canaliculi. PFIC2 represents a spe-
cific, previously unrecognized risk for HCC in infants. In BSEP deficiency, there is 
poor excretion of bile salts through the canalicular membrane, resulting in con-
stant exposure of hepatocytes to bile salts, leading to chronic inflammation and 
carcinogenesis (90, 91, 108, 134–142). HCC occurs in 5–15% of pediatric 
patients with BSEP deficiency, mostly in the second year of life (143–146). It has 
also been demonstrated that children harboring a D482G mutation have less 
severe disease and portal hypertension, while HCC occurs most often in children 
with non-D482G mutations (145). In a European study investigating a cohort of 
128 children, single-strand conformation polymorphism (SSCP) analysis and 
Sanger sequencing of ABCB11 gene identified high risk of HCC (38% vs. 10%) in 
children with the presence of two protein-truncating mutations (146). Interestingly, 
studies of humans affected by BSEP and Mdr2 knock-out mice revealed that very 
few somatic mutations accumulate over time in cancer genes, contrary to what 
occurs in adults with HCC as well as other hepatocellular neoplasms where sev-
eral mutations progressively accumulate over a period of time. BSEP individuals 
and animal models show massive gene amplification that affects components of 
signal transduction pathways. These include the ErbB, activators of c-Jun-N 
terminal kinases ( JNK), the PI3K/Akt and the mitogen-activated protein kinase 
(MAPK) signaling pathways, among others (147, 148). Another study showed 
that BSEP expression is significantly decreased in HCC patients and is associated 
with alteration of the nuclear regulatory receptor farsenoid-X receptor (FXR), 
with an increase in FXR-α1/FXR-α2 ratio (149). HCC has also been reported in a 
new variant of PFIC with marked cholestasis, the so-called TJP2 (tight junction 
protein 2) deficiency. Protein-truncating mutations in the TJP2 gene result in fail-
ure of protein localization and related disruption of tight junction structure lead-
ing to severe cholestatic disease of the liver. Claudin (CLDN1) is unable to localize 
normally to cholangiocyte borders and biliary canaliculus margins, despite nor-
mal protein levels. Exposure of canalicular and cholangiocyte membranes to high 
concentrations of detergent bile acids due to TJP2 deficiency leads to a disintegra-
tion of the hepatobiliary structure, with progressive liver injury and malignant 
transformation (150, 151). Lastly, HCC has been sporadically reported in multi-
drug resistance protein-3 (MDR3) deficiency (PFIC-3), but less frequently than 
BSEP deficiency (152). 

Glycogen storage disorders 

Glycogen storage disorders (GSD) may also be associated with HCC. This neo-
plasm may develop from adenomas, suggesting that there is an adenoma-
carcinoma sequence in GSD. GSD Ia, or glucose-6-phosphatase deficiency, may 
cause HCA in 16–75% of patients with GSD Ia also harboring HCA. GSD 
Ia-associated HCA occurs in the second and third decades of life and differs from 
sporadic HCA in that they are greater in number, involve both the right and left 
liver, and show no gender predisposition. Good metabolic control influences 
regression in size and number of HCA in GSD Ia patients. Malignant conversion 
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of HCA to HCC may occur on rare occasions (153–161). In GSD-Ia HCAs, chro-
mosomal peculiarities are present in 60% of tumors, which is similar to the rate 
observed in HCA seen in the general population. However, it seems that a simul-
taneous gain of chromosome 6p and loss of 6q are present in GSD-Ia HCA only. 
Moreover, GSD-Ia HCAs show reduced expression of insulin-like growth factor-2 
receptor (IGF2R) and large tumor suppressor kinase-1 (LATS1), which are candi-
date tumor suppressor genes at 6q in more than 50% of the tumors. This data 
suggests a potential but still inexplicable role of 6q in oncogenic transformation of 
such GSD-Ia HCAs (162). Type III GSD (debrancher enzyme deficiency, or Forbes 
disease, or limit dextrinosis) also presents with HCA, but liver enzymes are 
increased due to hepatocellular injury, and there is evidence of ballooning cell 
change and fibrosis. GSD-III HCAs occur in 4–25% of children. Malignant onco-
genic transformation of HCA occurs almost always after liver cirrhosis (156, 163). 
Rarely, HCC can occur in GSD-IV (brancher enzyme deficiency also known as 
Andersen’s disease or amylopectinosis) (164). 

Wilson’s disease 

Wilson’s disease (WD) is characterized by copper accumulation and seems to be 
protective against tumorigenesis, but HCC has been described (165). A Dutch 
study targeting 140 adults with WD for over 15 years (166) reported an estimated 
annual risk of HCC of 9 in 10,000 (0.09%). However, another multicenter 
European study of 1,186 WD patients showed a prevalence rate of 0.67% (167). 
Other predisposing conditions to HCC include genetic hemochromatosis, acute 
intermittent porphyria, progressive familial intrahepatic cholestasis type 2, mito-
chondrial electron transport chain (ETC) disorders, glycogen storage diseases 
types I, III, and IV, and transaldolase deficiency (168). Transaldolase deficiency is 
a genetic disease caused by mutations in the transaldolase gene (TALDO1), which 
leads to abnormally low levels of the transaldolase enzyme. Transaldolase is a 
metabolic enzyme involved in the pentose phosphate pathway.

CHOLANGIOCELLULAR CARCINOMA

Cholangiocellular carcinoma (CCA) is very rare in childhood and youth, account-
ing for less than 1% of all malignancies in these age groups. CCA arises from the 
epithelial lining of the bile ducts and harbors a poor prognosis. In a review of the 
scientific literature and the “Surveillance, Epidemiology, and End Results” (SEER) 
Program Database, Newsome et al. found 22 individual cases of pediatric CCA 
published between 1946 and January 2016 (169). Details of these cases can be 
found in Tables 2 and 3 of the SEER analyses (170–189). Briefly, the patients had 
a median age of diagnosis of 15 years (range 3–18 years), of which 20 (91%) had 
one or more gastrointestinal comorbidities with congenital distortions of the biliary 
tract and primary sclerosing cholangitis (PSC) being the most prevalent. PSC is a 
long-term progressive hepatobiliary disease with involvement of the liver, gallblad-
der, and extrahepatic biliary tract characterized by inflammation and scarring of 
the bile ducts with potential evolution to liver cirrhosis and liver failure. Abdominal 
pain, jaundice, and pruritus are the most common clinical signs. In eight patients, 
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cancer antigen (CA) 19–9 was reported, and it was increased (>129 U/mL) in 
four of them (50%). The SEER database program analysis and the scientific lit-
erature evidence showed that after a median follow-up time of 8 months (range 
0–60 months), 12 (54.6%) patients had died, 9 (40.9%) patients were alive, and 
1 (4.6%) had no reported survival data. Most pediatric cases had underlying risk 
factors for CCA, such as PSC, while in adults only an estimated 30% of CCAs 
occurred in patients with an underlying risk factor (108, 190–194). In adults, 
underlying risk factors include bile duct cysts, primary sclerosing cholangitis 
(specifically with inflammatory bowel disease), Caroli Disease, and hepatolithia-
sis. Choledocholithiasis, cholangitis, hepatitis C (HCV), hepatitis B (HBV) and 
cirrhosis have been considered potential risk factors as well (108, 169). There is 
a potential association of these tumors with viral infections (hepatitis B virus, 
hepatitis C virus) and alcohol use, which has been seen increasingly when com-
pared with classic textbook associations of liver flukes (Opisthorchis viverrinii and 
Clonorchis sinensis) and primary sclerosing cholangitis. Other chronic inflamma-
tory processes of the biliary tract have also been associated with CCA. In addi-
tion, congenital disorders such as BA and PIFC have been identified as 
comorbidities. Congenital malformations of the biliary tree, such as choledochal 
cysts and Caroli disease, may present with obstructive cholestasis; however, 
patients may be asymptomatic and diagnosed later in life.

Congenital biliary dilatation 

Congenital biliary dilatation (CBD) has been described as an important cause 
for the development of CCA in younger patients, mostly teenagers, but occa-
sionally in younger children as early 3 years of age (178). The etiology of CCA 
from CBD is thought to be the reflux of pancreatic juice into the biliary system 
duct via a pancreatico-biliary mal-junction (PBMJ). Oncologic transformation 
can occur in the biliary tree anywhere where the biliary epithelial cells can be 
influenced by both bile stasis and pancreatic secretion. The first reported malig-
nancy associated with CBD was reported in 1994 (195, 196). The risk of malig-
nant transformation of the biliary epithelium is between 2.5% and 28% (193, 
194, 197–205). Malignant transformation is accompanied by genetic mutations 
(206). A preoperative diagnosis of CCA associated with CBD remains difficult 
to establish and involves identifying either elevated or polypoid lesions in the 
bile duct. CCA is therefore frequently diagnosed during laparotomy. Once a 
diagnosis of CBD is made, radical surgery in early-stage disease combined with 
thorough, intraoperative frozen tissue examination are needed. Adjuvant che-
motherapy for tumor-positive surgical margins has been advocated, but remains 
controversial. 

Ductal plate malformation

Other conditions associated with CCA are ductal plate malformation (DPM)-
related lesions. An abnormal arrest of the remodeling of the ductal plate during 
biliary system development is called DPM of the liver (207–216). Polycystic liver 
disease (PLD) is the representative entity resulting from a DPM, which can be 
both morphologic mimickers and precursor lesions of neoplastic lesions (217). 



Liver Cancer in Children and Adolescents 23

DPM may have several overlapping entities, which are mostly grouped into: 
(i)  Von Meyenburg complexes (VMCs), small nonhereditary nodular cystic 
lesions; (ii) isolated polycystic liver disease (PCLD); and (iii) autosomal dominant 
polycystic kidney disease (ADPKD), which shows multiple cysts in both kidney 
and liver (218, 219). An arrest in the development of the intrahepatic biliary sys-
tem and cystic changes of the bile ducts result from disrupted TGF-β, Notch, and 
Wnt signaling or ciliopathy (220). Both PCLD and ADPKD show multiple large 
cysts replacing normal hepatic parenchyma. Hepatic failure, and complications 
associated with cysts, such as infection, hemorrhage or rupture, are frequent, but 
PCLD and ADPKD are not risk factors for CCA in general. VMC is a sporadic, 
small (diameter less than 0.5 cm), usually singular DPM lesion, also called biliary 
micro-hamartoma. Although it is often an incidental finding in the adult liver, it 
is rarely encountered in childhood. Multiple VMCs may occur with multiple 
cysts, which are grossly visible and diffusely located along the biliary tree. 
Histologically, VMCs consist of irregularly dilated small bile ducts embedded in 
the fibrous stroma with intraluminal inspissated bile secretion. VMCs are consid-
ered a part of the spectrum of adult PCLD, but there is no known genetic back-
ground such as ADPKD or PCLD (221). There is a large body of knowledge that 
VMC has more than a potential role as a preneoplastic lesion for CCA. This 
knowledge is based on several studies that have reported CCA arising from VMCs, 
suggesting malignant transformation from VMC to CCA, CCA having histologic 
similarities with VMC and DPM, and histologic similarity of CCA and VMC in 
K-ras and p53 mutated animal models inducing CCA (222–232). Most recently, 
the CCA with DPM pattern seems to have well-defined ARID1A genetic altera-
tions (233). 

Pathology and differential diagnosis

It remains a true challenge for pathologists to distinguish between diffuse-type 
VMC and CCA. Anatomical locations are used to classify CCA. In the diagnostic 
routine, we distinguish intrahepatic from extrahepatic CCA. Intrahepatic CCAs 
arise from the biliary system in the liver (bile ducts and segmental bile ducts), 
while extrahepatic CCAs arise from perihilar bile ducts (including the right, left 
and common hepatic ducts) or the extrahepatic bile duct (the common bile duct). 
Grossly, the tumor may present in the form of a mass or having a periductal infil-
trating pattern. Sometimes, the mass-forming and periductal infiltrating patterns 
are mixed. The mass-forming type of CCA represents the vast majority. Histologically, 
CCA appears as a moderately differentiated gland, or tubule-shaped atypical cell 
proliferation on low power and is frequently accompanied by prominent desmo-
plasia (fibrotic stroma). The stroma is particularly evident at the center of the mass. 
Unusual growth patterns may also occur, and include trabecular, nested, adeno-
squamous, squamous, mucinous and signet cell patterns, among others (234). In 
the trabecular growth pattern, polygonal cells with eosinophilic cytoplasm arranged 
in thick trabeculae are seen. Immunohistochemical investigation is crucial in most 
cases to confirm a diagnosis of CCA. CCA are typically positive for keratin 7 (CK7) 
and keratin 19 (CK19), biliary type of intermediate filaments of the cytoskeleton, 
carcinoembryonic antigen (CEA), and EMA. Epithelial cells forming bile ducts 
express CK-7 and CK-19 in addition to CK-8 and CK-18. The latter are also 
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present in normal adult hepatocytes. Patients are almost always negative for keratin 
20 (CK20) of the intermediate filaments of the cytoskeleton. In our past investiga-
tions on liver development (209) and ductal plate malformation of the liver (208, 
210), we used three monoclonal antibodies against CK-7 (OV-TL 12/ 30, 1:50, 
Dako Corporation, Hamburg, Germany), CK-19 (RCK 108, 1:100, Dako 
Corporation, Hamburg, Germany), and a mixture of cytokeratin epitopes (AE 1/3, 
1:2, Linaris, Camon, Wiesbaden, Germany). AE 1 reacts with specific group A 
acidic keratins with a molecular weight of 40,000–50,000 (CK 10, 14, 15, 16, 19), 
while AE 3 recognizes all eight group B basic keratins with a molecular weight of 
58,000 – 67,000 (CK 1–8). A mixture of monoclonal antibodies AE 1 and AE 3 
should theoretically stain both biliary epithelial cells and hepatocytes because AE 1 
reacts with CK 19, and AE 3 reacts with both CK 7 and CK 8. However, we found 
that in formalin-fixed tissue, the AE 113 cocktail reacts only with biliary cells. This 
is probably due to formaldehyde fixation of the tissue, as previously shown 
(235–237). The epitope recognized by AE 3 is altered by formalin fixation, making 
it less available for binding. Furthermore, it differs from other cytokeratin-related 
epitopes because it can only partially be ‘restored’ by antigen-unmasking tech-
niques. In CCA, there is no immunohistochemical detection for CDX2 or Caudal 
Type Homeobox 2, whose gene is a component of the caudal-related homeobox 
transcription factor family. CDX2 is expressed in the nuclei of intestinal epithelial 
cells, and diseases associated with CDX2 include Ampulla of Vater adenocarci-
noma and mucinous adenocarcinoma of the ovary. Among CDX2 related pathways 
are transcriptional regulatory networks in embryonic stem cell and incretin synthe-
sis, secretion, and inactivation. Ultrastructurally, CCC tumor cells show cytokera-
tin filaments, an intracytoplasmic lumen, tight junctions at the apices, and 
desmosomes at the lateral surfaces of neighboring cells. All these features are char-
acteristics of adenocarcinoma cell origin. 

The 8th edition of the Staging Manual of the American Joint Committee on 
Cancer (AJCC) has different staging systems for intrahepatic, perihilar, distal 
bile duct, and HCC (238). AJCC staging is based on vascular invasion, number 
of tumor nodules, perforation of the visceral peritoneum, the involvement of 
local extrahepatic tissues and the occurrence of periductal infiltration. In the 
differential diagnoses in childhood and youth, it is rare to see metastatic colorec-
tal carcinoma, although I came across one such case in my practice; the tumor 
suppressor gene, TP53, was deleted. The major differential diagnosis is with 
HCC; particularly with unusual growth patterns such as trabecular and nested 
type, careful consideration is necessary. The lack of nucleoli, the lack of bile 
production, and the presence of prominent (central) fibrosis is suggestive of 
CCA. A nested growth pattern would also suggest a neuroendocrine carcinoma, 
but in this case, I would expect to see granular or “salt-and-pepper” (“stippled”) 
chromatin, although nucleoli can also be seen in NET of high grade. In this set-
ting, the pathologist should consider abundant apoptosis, mitotic figures and 
tumor necrosis, which may be particularly prominent in neuroendocrine carci-
nomas. The distinction of CCA from metastatic gall bladder, pancreatic or upper 
gastrointestinal  adenocarcinomas requires clinical correlation, although such 
tumors are  practically non-existent in childhood and youth. Neuroendocrine 
carcinomas and neuroendocrine tumors are often positive for neuroendocrine 
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markers, including chromogranin A and synaptophysin (199, 239). A note 
should be given to the precursor lesions for CCA, including biliary intraepithe-
lial neoplasia (BilIN I-III) and intraductal papillary mucinous neoplasm of the 
biliary tract. These two pre-invasive lesions of carcinogenesis of the biliary tract 
are similar to two precursor lesions of the pancreas: pancreatic intraepithelial 
neoplasia (PanIN) and intraductal papillary mucinous neoplasm (IPMN) of the 
pancreas (240). 

CONCLUSION

In regard to hepatocellular lesions, although diagnosis is typically made using 
diagnostic imaging, anatomical pathology and histology with ancillary studies 
still play an enormous role in the 21st century. Currently, OLT for unresectable 
HCC can be curative. Risk factors for recurrence should be considered for HCC 
only, taking into account factors found in metabolic conditions predisposing to 
the development of primary neoplasms of the liver. Children and adolescents 
with underlying metabolic conditions should have a regular follow-up in 
 adulthood. CCA is very rare in pediatrics but is not impossible and must be con-
sidered by pediatricians and pediatric pathologists, as well as the risk factors for 
this tumor.
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