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Abstract

Liver tumors are rare in children, but the incidence may increase in some circum-
stances and particularly in chronic liver diseases. Most liver tumors consequent to
chronic liver diseases are malignant hepatocellular carcinoma. Other liver tumors
include hepatoblastoma, focal nodular hyperplasia, adenoma, pseudotumor, and
nodular regenerative hyperplasia. Screening of suspected cases is beneficial.
Imaging and surrogate markers of alpha-fetoprotein are used initially as
noninvasive tools for surveillance. However, liver biopsy for histopathology
evaluation might be necessary for patients with inconclusive findings. Once the
malignant liver tumor is detected in children with cirrhosis, liver transplantation
is currently considered the preferred option and achieves favorable outcomes.
Based on the current evidence, this review focuses on liver tumors with
underlying chronic liver disease, their epidemiology, pathogenesis, early
recognition, and effective management.

Key Words: Liver tumor; Chronic liver disease; Children; Hepatocellular carcinoma; Liver
cancer; Liver neoplasm
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liver diseases may present a higher risk. Early detection and timely management lead
to a good prognosis and outcome. Recently, contrast enhanced ultrasound has been the
preferred modality for surveillance to identify and classify the etiology of liver tumors.
As the more frequent liver tumors in children with chronic liver diseases are mainly
malignant, liver transplant should be considered as the first option to achieve favorable
results. In addition, regular assessment is necessary in asymptomatic benign liver
tumors with the potential for malignant transformation.

Citation: Sintusek P, Phewplung T, Sanpavat A, Poovorawan Y. Liver tumors in children with
chronic liver diseases. World J Gastrointest Oncol 2021; 13(11): 1680-1695

URL: https://www.wjgnet.com/1948-5204/full/v13/i11/1680.htm

DOI: https://dx.doi.org/10.4251/wjgo.v13.i11.1680

INTRODUCTION

Liver tumors are rare[1] compared to other neoplasms in the pediatric population, and
are mostly asymptomatic. However, most liver tumors are malignant neoplasms that
necessitate timely management — especially in children who present with predisposing
factors, including chronic liver diseases from genetic and metabolic origins. The most
frequently described liver neoplasms in children with chronic liver diseases are
hepatocellular carcinoma (HCC), hepatic adenoma (HA), focal nodular hyperplasia
(FNH), hepatoblastoma (HB), pseudotumor, and nodular regenerative hyperplasia
(NRH). The key preventative approach for liver tumors is not only specific
management for the chronic liver disease itself but also tumor surveillance. As
different tumors require different management approaches, tumor type identification
is crucial. Collaboration among multicenter study groups, including the Children’s
Oncology Group, the International Childhood Liver Tumor Study Group, the German
Society for Pediatric Oncology and Hematology, and the Japanese Study Group for
Pediatric Liver Tumors, are necessary to obtain meaningful data regarding natural
history, management, and long-term prognosis of these tumors in children[2].

EPIDEMIOLOGY

Liver tumors are rare and account for approximately 1%-4% of tumors in children[3]
or 0.5-2.5 cases per million children per year[4-7]. The incidence rates of liver tumors
in children regardless of the presence of underlying chronic liver diseases are HB
(37%), HCC (21%), benign vascular tumors (15%), sarcoma (8%), mesenchymal
hamartoma (7%), FNH (5%), HA (2.5%), and other forms (4%)[8]. In children with
chronic liver diseases, the most common primary tumor is HCC. The incidence of
HCC increases to 30%, as HCC may develop in children with a background of chronic
liver diseases[8]. Mother-to-child transmission of hepatitis B virus (HBV) infection and
tyrosinemia are significant predisposing factors associated with HCC. The lifetime risk
of developing HCC from chronic HBV infection is estimated to be 10%-25% or 100
times that of the normal population[9,10] whereas the incidence of HCC from
tyrosinemia is approximately 14%-75%[11-13]. The prevalence of HCC associated with
different liver diseases has been reported, and includes biliary atresia (BA) (1.3%)[11],
progressive familial intrahepatic cholestasis (PFIC) type 2 or bile-salt excretory protein
deficiency (5%-15%)[14], congenital portosystemic shunt (2.5%)[15], and Wilson’s
disease (0.67%)[16]. Liver adenoma has been reported to be more frequently associated
with glycogen storage disease (GSD) type 1, but rarely in types 3 and 4, and has not
been reported in type 6 or 9[15]. Interestingly, the association between non-alcoholic
fatty liver disease (NAFLD) with or without fibrosis and HCC has recently been
reported in adults, raising concern and indicating the need for surveillance strategies
for early lesion detection[17]. Nonetheless, there has only been one case report
describing NAFLD and HCC in a child[18]. Moreover, apart from HCC, the prevalence
of benign liver tumors such as FNH and NRH in children with chronic liver diseases
has been underreported[8].
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PATHOGENESIS AND CHARACTERISTICS OF LIVER TUMORS IN CHR-
ONIC LIVER DISEASES

In the adult population, the pathogenesis of liver tumors in chronic liver diseases has
been generally associated with a liver injury causing hepatocellular proliferation.
However, up to 70% of pediatric HCC develops in normal liver tissue[19]. Potential
genetic factors predisposing liver tumor in children without chronic liver diseases
include familial adenomatous polyposis (FAP), Fanconi anemia, ataxic telangiectasia,
Beckwith-Wiedemann syndrome (BWS), trisomy 18, neurofibromatosis, and tuberous
sclerosis, which will not be the discussed in this review. With regard to chronic liver
diseases, the process of liver injury and inflammation may promote liver cell
regeneration[20]. If the injury continues or includes other predisposing factors, it could
lead to liver cirrhosis and progression to liver neoplasm. Predisposing factors (Table 1)
include the dysregulation of liver proliferation and promotion of telomere shortening
[21]. In addition, primary liver injury or liver injury secondary to oxidative stress
could induce dysregulation of signaling pathways involving protumorigenic growth
factors and cytokines[22] such as insulin-like growth factor, hepatocyte growth factor,
the wingless signaling pathway, transforming growth factor-a, epidermal growth
factor, and transforming growth factor-f. For example, increasing oxidative stress
resulting from an deficiency of antioxidant enzymes caused by the homozygous PiZZ
mutation of a-1 antitrypsin could induce liver damage[23] and rarely, HCC in children
[24,25]. Furthermore, procarcinogenic genetic factors such as p53 mutations leading to
telomere-induced genomic instability are strongly associated with malignant liver
neoplasm.

Infections from HBV and hepatitis C virus (HCV) may result in allelic deletions and
p53 mutations, and are considered strong inducers of hepatocarcinogenesis leading to
HCC]J26]. Toxic substances such as the accumulation of toxic metabolites in
tyrosinemia type 1 disorder (including maleyl acetoacetate, fumaryl acetoacetate and
succinyl acetone) may also lead to the development of liver neoplasm. Hence, the
incidence of HCC in children is reportedly 13%-37%, when tyrosinemia is diagnosed
beyond 2 years of age[27,28]. Another example of a metabolic disturbance causing
liver neoplasm is GSD type 1, and rarely type 4, in patients with poor dietary control.
A decrease in tumor suppressor kinase-1 expression might explain the pathogenesis of
adenoma. Interestingly, obesity is a well-known major risk factor for cancer involving
a process of a low-grade, chronic inflammatory responses. Consequently, lipotoxicity
from the ectopic deposition of fat in the liver may contribute to the development of
liver neoplasm in the obese population with NAFLD[29]. Moreover, cholestasis and
bile salt accumulation, which may cause liver neoplasm due to an increased risk of
liver tumors, has been reported in patients with BA and PFIC type 2 and 3[30,31].
Several case reports have described HCC in infants with BA and cirrhosis at the age of
1 year[32] and HB has been reported in three children diagnosed with congenital
hepatic fibrosis and polycystic disease at the age of 2 years[7]. Finally, it has been
hypothesized that both intrahepatic and extrahepatic shunts are associated with
neoplasms of the liver due to local hemodynamic instability[33].

CLINICAL MANIFESTATIONS AND CHARACTERISTICS OF LIVER
TUMORS

Although children with liver tumors are commonly asymptomatic, some children
present with tumor complications, including abdominal pain, fever, jaundice,
cholangitis, anemia, fatigue, and portal hypertension. Specific sequelae can be
commonly observed in individual tumors and include tumor bleeding in HA, lung
and bone metastasis in HCC[7,34], and fever with thrombosis in HB[35]. Liver tumors
in chronic liver diseases are summarized in Table 2.

HB

HB is the most common malignant liver tumor in children aged less than 5 years[4].
The majority of predisposing factors of HB include premature birth with very low
birth weight and genetic diseases such as FAP, BWS, trisomy 21, Li-Fraumeni
syndrome, congenital portosystemic shunt, GSD type 1 and 3, and tyrosinemia.
Nonetheless, HB has a better prognosis compared with other malignant liver tumors,
especially with early detection. In terms of risk stratification, the Children’s Hepatic
Tumors International Collaboration identified younger age (<1 year), PRETEXT classi-
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Table 1 Predisposing factors in developing hepatic tumors in chronic liver diseases

Predisposing factors

Oxidative stress

Dysregulation of protumorigenic growth factors and cytokines

Genetic factors: p53 mutation, telomere shortening, homozygous PiZZ mutation, tumor suppressor kinase-1 expression
Hepatocarcinogenesis: HBV, HCV, HIV

Toxic substances: Tyrosinemia type I (maleyl acetoacetate, fumaryl acetoacetate and succinyl acetone), PFIC type 2 and 3 (bile salt)
Metabolic disturbance: Glycogen storage disease type 1 and 4, obesity and NAFLD

Vascular disruption: Congenital absence of portal vein, noncirrhotic portal hypertension, Budd-Chiari syndrome

HBV: Hepatitis B virus; HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; NAFLD: Non-alcoholic fatty liver disease; PFIC: Progressive
familial intrahepatic cholestasis.

Table 2 Liver tumors identified in chronic liver diseases

Liver disease and main pathogenesis Tumor type

Genetic or metabolic syndromes

Hereditary tyrosinemia type 1[80-83] HCC

GSD type 1, 3, 4 HA, HCC, HB
Alagille syndrome HCC, regenerative nodule
Other familial cholestatic syndromes HCC

NAFLD HCC

a-1 antitrypsin deficiency HCC

Infections

HBV HCC

HCV HCC

Vascular

Abernethy FNH, HCC, HA
Noncirrhotic portal hypertension NRH
Congenital portosystemic shunt HCC, HB

Cirrhosis and cholestatic conditions

Biliary atresia HCC, FNH, pseudotumor
Autoimmune hepatitis HCC
Wilson disease HCC
Congenital hepatic fibrosis HCC
Cryptogenic cirrhosis HCC

FNH: Focal nodular hyperplasia; GSD: Glycogen storage disease; HA: Hepatic adenoma; HB: Hepatoblastoma; HBV: Hepatitis B virus; HCC:
Hepatocellular carcinoma; HCV: Hepatitis C virus; NAFLD: Non-alcoholic fatty liver disease; NRH: Nodular regenerative hyperplasia.

fication I and II, and well-differentiated or fetal cell subtype could predict good
outcomes[36] (Figures 1 and 2).

HCC

Unlike HB, HCC is a rare malignant tumor in children. However, the incidence
increases in patients with underlying chronic liver diseases or in the presence of a
specific genetic syndrome. HBV and HCV are fatal causes of HCC in endemic areas of
South Africa and Asian countries. Genetic and metabolic diseases that closely
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? Stage 3: Tumor involves three

Stage 1: Tumor involves onl i
Q oneg uadr:nt rInvolV Y ? adjoining quadrants or two
QV? q ’ non-adjoining quadrants.
Stage 2: Tumor involves two ? Stage 4: Tumor involves all
Q? adjoining quadrants. > four quadrants.

Figure 1 Definition of the pretreatment extent of disease or PRETEXT classification for the malignant liver tumor.

Figure 2 Magnetic resonance images of a 2-year-old boy with underlying abernethy malformation presenting with an incidentally
identified liver mass with pathological tissue diagnosed hepatoblastoma. A: Mass showing well-defined hypointense liver parenchyma on T1W and; B:
Hyperintense parenchyma on T2W images; C: This mass revealed heterogeneous arterial hyperenhancement; and D: Venous enhancement after the administration
of gadolinium-based contrast agent.

associated with HCC are tyrosinemia, and PFIC types 2 and 3. Because of the initial
nonspecific symptoms, only 50% of cases present high levels of alpha-fetoprotein
(AFP), most children have been diagnosed with more advanced disease with only a
20% possibility of complete removal of the tumor mass. Unfortunately, HCC is largely
chemoresistant to therapy. If a tumor is unresectable but there is no evidence of
extrahepatic metastasis, liver transplantation must be considered[8].

HA

HA is a spherical or ovoid, well-circumscribed tumor without vascular or bile duct
involvement, and usually presents as a solitary mass (70%-80%). Multiple adenomas
are commonly observed in GSD type 1[37], and might be associated with a high
frequency of B-catenin mutations and a lack of hepatocyte nuclear factor-1 alpha
inactivation[38]. Other liver conditions involved include GSD type 3 and 4,
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tyrosinemia, galactosemia, and congenital or acquired portosystemic shunts[39,40].
The regression of HA is possible if predisposing factors are eliminated. The tumor is
usually complicated by rupture or hemorrhage (10%)[41] especially if > 5 cm in size.
Malignant transformation rarely occurs but requires long-term monitoring (Figures 3
and 4).

FNH

FNH comprises normal focal liver parenchymal with bile duct proliferation and
vascular anomalies[42,43]. As the hypothesis of FNH pathogenesis involves the
response of liver cells to local vascular abnormalities[44], FNH is usually associated
with portal vein agenesis or hypoplasia and the Budd-Chiari syndrome[45]. This
tumor is typically a single lesion less than 5-cm in size, located near the liver surface
[46]. Despite the homogenous normal liver, central scars or fibrous areas surrounding
the large vessels are the main characteristics. This tumor is a true benign neoplasm and
is usually asymptomatic. Moreover, the tumor may regress if the underlying vascular
disturbance is corrected. However, a case of FNH in a child with biliary atresia and
cirrhosis has been reported by our center (Figure 5).

NRH

NRH is defined as normal parenchyma with small diffuse regenerative nodules
without or with minimal fibrosis. It is a very rare tumor that might be the result of
microcirculatory disturbances. Vascular disorders leading to atrophic hepatocytes are
followed by compensatory regeneration. Liver conditions related to NRH include
chronic Budd-Chiari syndrome, human immunodeficiency virus, antiviral agents,
congenital absence of the portal vein[47], and post-liver transplantation[48]. Portal
hypertension may occur in up to 50% of patients[49]. Imaging of NRH is very similar
to that observed in cirrhosis with nodule sizes usually between 1 and 3 mm. The
absence or only presence of 0-1 fibrous septa in histopathology may distinguish NRH
from cirrhosis[47,50]. Long-term follow-up is recommended as malignant transforma-
tion has been reported[51], with a 5-year cumulative incidence of 4%[11].

Other hepatic lesions

Pseudotumor or giant regenerative nodule is an unusual benign hepatic lesion in the
background of chronic liver disease or cirrhosis. The incidence of pseudotumor in
children with BA is reportedly 3.8%[52]. Well-formed tumors are rarely bleeding or
necrotic. The tumor characterization is similar to FNH but with no central scars. A
peripheral tumor capsule could distinguish the pseudotumor from HCC. The typical
imaging features of this pseudotumor have not been well described. Computed
tomography (CT)-guided biopsy is sometimes needed in inconclusive cases[53,54];
however, needle-track seeding[55] should be considered if the tumor is proven
malignant. Pseudotumors should be included in the differential diagnosis of liver
masses in children with chronic liver diseases or cirrhosis.

Dysplastic nodules are considered precancerous nodules present in chronically
diseased livers. It is believed that these dysplastic nodules are responsible for the
malignant transformation of nodules progressing towards HCC. Histological
evaluation of the nodule reveals hepatic parenchyma with some degree of cellular
atypia. Magnetic resonance imaging (MRI) studies, with special contrast agents such as
extracellular contrast, hepatic-specific contrast, and reticuloendothelial contrast are the
best techniques for the differential diagnosis of this small nodule from HCC[56].

SCREENING AND INVESTIGATION

Most liver tumors identified in chronic liver diseases are malignant. Although there is
no international guidelines available that address the frequency for screening liver
tumors in high-risk children, early detection might be necessary for timely
management. HCC can develop very early, particularly in chronic liver diseases. A
recent case report described the development of HCC in a 4-year-old child with
vertical transmission of HBV infection[32]. HCC and HB in infants with cirrhosis due
to BA have been described as early as 1 year of age[31,32], and in a 2-year-old child
with congenital hepatic fibrosis and autosomal recessive polycystic disease[7].
However, children with tyrosinemia who are under medical management or those
who have undergone liver transplantation, remain at low risk for developing HCC[13,
57]. Consequently, early and long-term surveillance is recommended.
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Figure 3 Magnetic resonance images of a 10-year-old girl with extrahepatic hypertension from portal vein thrombosis status post-
splenectomy and proximal splenorenal shunt with developing liver mass with pathological tissue diagnosis of hepatic adenoma. A: Axial
dual gradient echo opposed-phase images revealed a heterogeneous drop in signal intensity (arrows); B: Axial dual gradient echo in the in-phase image revealing the
heterogeneous microscopic fat in the mass; C: Heterogeneously mild hyperintense mass in T2-weighted (T2W) image; D: Iso-to-slightly hyperintense mass in the
T1W image; E: Intense arterial hyperenhancement after gadolinium-based contrast administration; F: Heterogeneous venous enhancement after gadolinium-based

contrast administration.
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AFP

In cases of underlying liver disease, screening with noninvasive modalities is
suggested with AFP followed by imaging studies after risk stratification. AFP is the
preferred tumor marker to evaluate liver masses with an increase of 90% for HB and
50% for HCC in children. However, young children present high baseline levels of
AFP, which decrease over time to adult levels at 8 mo of age[58]; thus, interpretation is
challenging for infants at this age. An increase in normal AFP levels in some benign
tumors and HB have also been evidenced[59,60]. Hence, AFP alone is not
recommended for the initial screening for liver tumors. Imaging as another screening
modality is also required in parallel.

Imaging studies

Imaging modalities are the primary diagnostic investigations as they are less invasive
and informative[33]. Abdominal ultrasound (US), CT, and MRI are optional and
depend on the availability of resources. Abdominal US is frequently used as this
technique is non-radiating and rarely requires deep sedation or anesthesia. US with
Doppler may provide additional tumor information including size, echogenicity,
focality, border, vascular involvement, and presence of thrombi. A limitation is
operator dependence. Recently, contrast enhanced US (CEUS) has been proposed to be
a promising imaging modality as its performance is comparable to CT and MRI, and
has a specificity of 98% for identifying benign liver lesions and a negative predictive
value of 100%[61]. This technique uses an US contrast agent such as SonoVue® that
was approved for use in both adults and children by the United States Food and Drug
Administration in 2016[62]. CEUS should be considered for use as a follow-up
measure in children with known hepatic diseases thus minimizing radiation exposure
using a cost-effective approach[63,64]. SonoVue® is reportedly safe in children[65] and
extensive data from a prospective multicenter study of 23188 adults showed the rate of
adverse events was 0.125% and serious adverse occurred in 0.0086%[66]. Although US
could define the origin of the liver tumor, CT or MRI are able to more accurately
describe tumor characteristics, particularly the tumor border and eventual extensions
to adjacent organs or into vessels. MRI is the most sensitive imaging modality for
regenerative and dysplastic nodules but is comparable with CT for HCC detection
with a lower false positive rate than MRI[67] (Table 3). Annual screening for liver
tumors by imaging modalities in high-risk patients is reasonable. Once the tumor is
detected and the size is < 3 cm, the American Association of the Study of Liver Disease
and the European Association for the Study of the Liver recommend US screening at 3-
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Tumors  US with doppler

CT

MRI

HB
heterogenous echogenic lesion

HCC Variable from hypo-, iso-, or
hyperechoic from internal fat,

necrosis or hemorrhage

FNH

Internal color flow in the central scar

extending to the periphery in a
spoke-wheel pattern

Adenoma Hyperechoic lesion in the normal

Well circumscribed hyperechoic or

Homogenous, well-circumscribed

Hypoattenuating lesion in non-contrast image with
heterogeneous arterial and venous enhancement

Well- or poorly defined, hypoattenuating lesion with
arterial hyperenhancement and venous “wash-out”
with/without delayed capsular enhancement

Tumor thrombus enhancement in portal vein

Homogeneous, well-circumscribed iso- to slightly
hypoechoic lesion

Hypoattenuating scar
Arterial and early portal venous enhancement and
becomes isoattenuating to liver in the late portal venous

and delayed phases

Well-circumscribed hypoattenuating lesion with

T1IW; hypointense
T2W; hyperintense

Heterogeneous arterial and venous
enhancement

TIW; hypointense

T2W; hyperintense

Early arterial enhancement and wash-out
with relative low signal intensity on
venous and delayed phases

Delayed capsular enhancement

T1W; iso- to slightly hypointense with
hypointense scar

T2W; iso- to slightly hyperintense with
hyperintense scar

Enhancement pattern same as CT
Normal or increased uptake on delayed
hepatobiliary phases of the hepatocyte

specific contrast agent

T1W; hyperintense

liver

Hypoechoic lesion in the
background of diffuse fatty
infiltration or glycogen storage

NRH
lesions, difficult to detect.

Multiple tiny and typically isoechoic

hyperattenuation if hemorrhaging
T2W; hyperintense

Fat component; Signal dropout on

opposed-phase or fat suppression images
Intense arterial enhancement and isoattenuating in venous Peripheral pseudocapsular enhancement
and delayed phases

Enhancement pattern same as CT
Slightly hypo- or isoattenuating lesion to liver T1W; homogenous and slightly
hyperintense.

T2W; variable

Isoattenuation to liver in both arterial and portal venous
phases

Enhancement in portal phase like normal
liver parenchyma

CT: Computed tomography; FNH: Focal nodular hyperplasia; HB: Hepatoblastoma; HCC: Hepatocellular carcinoma; MRI: Magnetic resonance imaging;

NRH: Nodular regenerative hyperplasia; US: Ultrasonography.
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to 6-mo intervals for adult patients[68], as this interval growth is the best indicator for
malignant liver tumor transformation. There are no international guidelines for tumor
surveillance in children and thus, many centers adopt adult guidelines instead.

Histopathology evaluation of liver tissue
Liver biopsy is considered an invasive procedure. The reported incidence of complic-
ations after percutaneous liver biopsy in children is 6.83%, of which 2.4% experience a
major complication[69]. However, liver biopsy for histopathology evaluation might be
necessary in cases with inconclusive findings from imaging and with the surrogate
marker AFP. Identification of the cytologic malignancy and hepatocellular differen-
tiation are important for HCC diagnosis. In cases with inadequate liver samples or
with no distinction between two diagnostic features of focal distribution in other areas
or well-differentiated HCC in origin, it is extremely difficult to distinguish HCC from
HA or dysplastic nodules. Special staining should be helpful if malignancy is not
clearly evidenced. Markers favoring HCC over HA include glycipan-3 (GPC3), and
loss of reticulin network by reticulin staining. In addition, markers favoring HCC over
high-grade dysplastic nodules are GPC3, heat shock protein 70, glutamine synthetase,
and cluster of differentiation 34 (diffuse staining) (Figure 6A-C)[70].

With regard to FNH, which is a truly benign lesion and does not require active
management, differential diagnosis from HA and HCC is sometimes challenging.
Atypical FNH lesions on imaging studies, in which no central scar pattern is present
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Figure 4 Magnetic resonance images of a 15-year-old girl with underlying GSD type 1 (A-G) and at the 5-yr follow-up, computed
tomography was performed (H-1). One of the identified nodules presented histopathological findings compatible with hepatic adenoma. A and B: Axial dual
gradient echo images showing several slightly hyperintense nodules in both hepatic lobes on the background of diffuse hepatic steatosis with dropout in signal
intensity of liver parenchyma on contrast-phase images (A) as compared to in-phase images (B); C: Hypointense nodules on the T1-weighted (T1W) image; D:
Hyperintense nodules on the T2W image; E-G: Intense arterial hyperenhancement of nodules (E), iso-to mild venous enhancement (F) and hypointense nodules on
delayed hepatobiliary phases at 20 min (G) after injection with gadolinium-base hepatocyte specific contrast agent; H: Intense arterial hyperenhancement and
increased in size of the nodules; I: Slight hyperenhancement in the venous phase.

and there is delay in the wash-out period, may not allow differentiation from HCC. In
liver biopsy, typical findings reveal benign hepatocytes separated by fibrous septa that
typically contain large dystrophic vessels with eccentrically thickened walls and
narrowed, often thrombosed, while lamina and the presence ductular reaction are
more helpful to confirm FNH diagnosis[71]. In addition, the diagnosis is aided by
immunohistochemical staining for glutamine synthetase[72], which also presents a
characteristic pattern in FNH (Figure 7A and B). Unlike the FNH pattern, HA in
benign hepatocytes contains thin-walled arteries unaccompanied by bile ducts. The
hepatocyte itself usually contains glycogen and fat that are sometimes entirely
steatotic. If the hepatocytes present atypia with mitoses or an acinar growth pattern
(pseudogranular), it is very challenging to differentiate from well-differentiated HCC.
Immunohistochemistry staining indicating p-catenin activation will be useful if
positive[71].

TREATMENT

Long-term follow-up and surveillance

Benign tumors such as HA and FNH may resolve if the primary liver disease is
suitably managed. Nearly 40% of children with FNH with a confirmed liver biopsy
have resolved lesions[73]. Follow-up by US every 6-12 mo is suggested as complic-

ations (bleeding, necrosis or rupture) could occur in HA, although they are rarely
observed in FNH.
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Figure 5 Pre-operative magnetic resonance images of a 13-year-old boy with biliary atresia identified liver nodule (arrows) before liver
transplantation. The histopathological findings of the nodule were compatible with FNH. A: Isointense nodule on the T2W image; B: Iso-to-slightly hyperintense
nodule on the T1W image; C: Arterial hyperenhancement of the nodule and; D: Persisted delayed enhancement on delayed hepatobiliary phase at 30 min after the
administration of gadolinium-based hepatocyte specific contrast agent.

Figure 6 Histopathology from liver tumor demonstrates hepatocellular carcinoma. A: Hematoxylin and eosin staining shows tumor cells in a
trabecular pattern. The cell plates are three cells thick or wider in most of this tumor; B: Reticulin staining highlights loss of normal cord architecture; C: Cluster of
differentiation 34 immunostaining highlights the increased vascularity of hepatocellular carcinoma.

JBaishideng®

Surgical removal

Surgical excision is the only curable modality for malignant liver tumors with a
favorable outcome if early detection is achieved. Surgical removal is also indicated in
symptomatic benign tumors such as bleeding HA. For FNH, which is a true benign
tumor, tumor resection has been performed because of symptoms (48%), inability to
rule out malignancy (31%), and rapid tumor growth (15%)[44]

Liver transplantation

Liver transplant is the mainstay treatment and is required in cases of unresectable
malignant liver disease[74]. Cisplatin-based chemotherapy prior to liver
transplantation to achieve suitable margins for HB resection is under debate and
requires additional data[75]. For HCC, early transplantation should be considered at
the earliest possible opportunity because of its chemo- and radio-resistance. In cases of
benign liver tumor, liver transplantation might have a role in the presence of multiple
tumors that are difficult to resect, if these tumors are at high risk of transformation, or
in patients experiencing symptoms[76,77] (Figure 8).
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Figure 7 Histopathology of the liver tumor demonstrates focal nodular hyperplasia. A: Hematoxylin and eosin staining reveals a muscular vessel
with irregular wall thickness, and ductular reaction; B: Glutamine synthetase immunostaining of focal nodular hyperplasia shows increased overall staining in a map-
like pattern.

Figure 8 Magnetic resonance images of a 7-yr-old boy with tyrosinemia type | and renal Fanconi syndrome presenting nodules with
histopathologic findings indicative of hepatocellular carcinoma. He underwent liver transplantation with favorable outcome and no evidence of tumor
recurrence after a 1-yr follow-up. A: Multiple hyperintense nodules in T2-weighted (T2W) image; B: Hypointense nodules on the T1W image on the background of

macronodular cirrhotic liver; C: Heterogeneous venous “wash-out” enhancement of the nodules; and D: Delayed capsular enhancement after administration of
gadolinium-based contrast agent.

Other treatments
Transarterial chemoembolization and radiofrequency ablation are currently
considered trial modalities in children with malignant tumors. This option might be

considered in patients who are not eligible for tumor resection or liver transplantation
[78,79].

CONCLUSION

Liver tumors in children with chronic liver disease are more common than expected.
Early detection with noninvasive and highly specific diagnostic modalities are
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necessary as children require routine monitoring. Liver histopathology is required in
equivocal cases. Treatment outcome is favorable with timely management even in
cases of malignant tumor. Liver transplantation is the preferred treatment option. In
cases of benign tumor, long-term follow-up and surveillance are encouraged as tumor
transformation has also been evidenced.
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