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Introduction

Hepatoblastoma (HBL) is the most common primary liver 
tumor in children and is usually diagnosed during the 
first 3 years of life. Most HBLs are sporadic, but some are 
associated with constitutional genetic abnormalities and 
malformations, such as the Beckwith-Wiedemann syndrome 
and familial adenomatous polyposis (1,2). Over the last 
three decades, the annual incidence of HBL in children has 
gradually increased (3). Extremely premature babies with a 
birth weight of less than 1 kilo have been reported to have 
a greatly increased risk of developing HBL. The increased 
survival rates of these premature babies might account for 
the increased annual incidence of HBL. 

Diagnosis of HBL

The most common sign is abdominal distension or 
abdominal mass. Some children present with abdominal 
discomfort, generalized fatigue, and loss of appetite, due 

to tumor distension or secondary anemia. Children with a 
ruptured tumor usually present with vomiting, symptoms of 
peritoneal irritation, and severe anemia. Rare cases manifest 
precocious puberty/virilization due to β-human chorionic 
gonadotropin (hCG) secretion by the tumor. Serum alpha-
fetoprotein (AFP) is the most important clinical marker 
for HBL, and remains the key clinical marker of malignant 
change, response to the treatment, and relapse. However, 
there are some variants of both HBL and hepatocellular 
carcinoma (HCC) that have low or normal AFP levels (4,5). 
These variants, such as rhabdoid tumor, may have distinct 
histological features and worse prognosis.

Abdominal ultrasonography usually reveals a large 
mass in liver, sometimes with satellite lesions and areas of 
hemorrhage within the tumor. The most useful diagnostic 
modality is multiphase computed tomography (CT) or 
magnetic resonance imaging (MRI). Helical CT findings 
of hypervascular lesions in the liver with delayed contrast 
excretion are highly suggestive of a malignant liver tumor. 
Histological diagnosis of a tumor specimen is essential, 
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although some investigators believe that biopsy may not 
be necessary for young children (6 months to 3 years) 
with a very high AFP level (6); in addition, avoiding a 
biopsy theoretically reduces the risks of tumor seeding or 
dissemination. The Japanese Study Group for Pediatric 
Liver Tumors (JPLT) strongly recommends that liver 
tumors of children should be treated after definitive 
diagnosis of a biopsy specimen, except in urgent life-
threatening circumstances such as tumor invasion of the 
right atrium or tumor rupture (7).

Segmental assessment of the extent of the tumor and 
its relationship to the main hepatic vessels is of utmost 
importance when planning the intensity of chemotherapy 
and eventual surgery. In Europe, the Childhood Liver 
Tumor Study Group of the International Society of 
Pediatric  Oncology (SIOPEL) has developed the 
preoperative evaluation of the tumor extent (PRETEXT) 
staging system, which appears to be a valuable tool for 
risk stratification (8); although the system has not been 
formally evaluated for prognostic accuracy. Formal staging 
of the tumor should include chest and brain CT. The risk 
stratification system proposed by the Children’s Hepatic 
Tumors International Collaboration (CHIC), which will be 
described later, is shown in Table 1.

In childhood hepatic tumors, clinically relevant 
histologic subtypes are also being incorporated into 
risk stratification systems as well as into the PRETEXT 

staging system and distant metastasis. The common HBL 
subtypes are as follows: epithelial, mesenchymal, fetal, and 
embryonal. Some HBL variants include cholangioblastic 
or teratoid components or a macrotrabecular growth 
pattern (9). Fibrolamellar HCC is a distinct clinical 
and his to logica l  var iant  of  pediatr ic  HCC. The 
histopathological subtypes are the major prognostic 
factors of pediatric liver tumors, including HCC. The 
Children’s Oncology Group (COG) has found that patients 
with completely resected tumors (stage I) with pure fetal 
histology have an excellent outcome (10), while both the 
SIOPEL and the COG investigators found that HBL 
patients presenting with low AFP levels (<100 ng/mL) and/
or with small cell undifferentiated (SCUD) histology had a 
poor outcome, regardless of the PRETEXT staging system 
(4,5). The SCUD histology has not been reported by 
Japanese investigators. Rhabdoid tumors, which show loss 
of SMARCB1/INI1 expression on immunohistochemistry, 
should be included in the differential diagnosis of 
patients with tumors and low AFP levels (11). In 2011, an 
International Pathology Symposium was held to perform 
a collaborative histopathological review of pediatric liver 
tumors to work towards a consensus classification, with 
the eventual aim of developing a common treatment-
stratification system. This symposium proposed the current 
standardized, histopathological meaningful classification of 
pediatric liver tumors (12).

Table 1 CHIC proposed—Hepatoblastoma Risk Stratification (CHICS)

PRETEXT

Standard risk (SR)

High risk (HR) Very high risk (VHR)Low risk (LR) (primary 

resection at diagnosis)
Intermediate risk (IR)

Any M+ – – – M+

I M– VPERF—(any AFP, any age) – VPERF + AND age <8 years 

(any AFP)

VPERF + AND age ≥8 years

II M– VPERF—AND

Age <3 AND

AFP >1,000 ng/mL

VPERF—AND

Age <3 AND

AFP 100-1,000 ng/mL

Age 3-7 AND/OR VPERF + AFP <100 ng/mL, AND/OR 

age ≥8 years

III M– – VPERF—AND

Age<3 AND

AFP >1,000 ng/mL

Age 3-7 AND/OR

VPERF + AND/OR

AFP 100-1,000 ng/mL

AFP <100 ng/mL, AND/OR 

age ≥8 years

IV M– – – AFP >100 ng/mL AFP <100 ng/mL, AND/OR 

age ≥8 years

M+, distant metastases; VEPRF+, one or more of the following criteria; V, hepatic vein/cava involvement; P, portal vein 

involvement; E, contiguous extrahepatic tumor; R, rupture at diagnosis; F, multifocality; AFP, α-fetoprotein (ng/mL); PRETEXT, 

pretreatment extent of disease.
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Treatments for HBL

Before 1980, children with malignant hepatic tumors could 
only be cured by complete surgical resection of tumors. At 
present, complete tumor resection remains the cornerstone 
of definitive cure for HBL and offers the only realistic 
chance of long-term disease-free survival (13-15). The 
introduction of effective chemotherapeutic regimens in 
the 1980s resulted in an increased number of patients who 
could ultimately undergo tumor resection and also reduced 
the postoperative recurrence rate. Moreover, modern 
surgical techniques based on the segmental anatomy of the 
liver and whole hepatectomy plus liver transplantation have 
also led to increased numbers of resectable patients and 
have markedly improved the prognosis of these patients. 
Therefore, the combination of surgery and chemotherapy 
is an essential therapeutic strategy for HBL. The COG and 
JPLT studies have approved primary resection for children 
with resectable tumors, especially PRETEXT I or II cases. 
However, SIOPEL studies have not permitted the used of 
primary resection. 

Recently, international collaboration study should be 
required for prompt clinical trials. CHIC was formed to 
focus on international global cooperation for investigations 
of pediatric malignant hepatic tumors, including HBL. The 
leading multicenter groups in CHIC are JPLT, SIOPEL, 
GPOH (German Paediatric Oncology and Haematology 
Society) and COG. Risk stratification in these trials 
was based on individual special classification of stage, 
metastasis, and histology in each trial (16). These CHIC 
members have incorporated their unique data into a 
common database, which now includes the retrospective 
data of all children treated in eight separate multicenter 
HBL trials performed between 1985 and 2008 (1,605 
patients) (13-15,17-23).

The identification and development of new prognostic 
stratifications has led to novel treatments for high-risk patients 
and treatment reduction for low-risk patients, who do not 
need therapy intensification but need to avoid the delayed 
effects and unnecessary toxicities associated with treatment (24). 
Since childhood cancers are leading the way in the use of risk-
adapted therapeutic strategies (25,26), collaborative research 
based on common risk adaptations and chemoprotective 
therapy for toxicity will have many benefits throughout the 
field of pediatric oncology. Although the analysis of CHIC 
database is still being debated, the therapeutic strategies used 
in global studies will be proposed using the risk stratification 
system proposed by CHIC (Table 1).

Standard-/low-risk patients

Patients with a single localized tumor involving at most 
three segments of the liver (PRETEXT I, II, III) can safely 
undergo complete surgical resection because of recently 
developed surgical instruments and anatomical evaluation 
using imaging modalities. Standard-risk patients are those 
patients with PRETEXT I, II, and III tumors and no 
extrahepatic features [hepatic vein/cava involvement (V), 
portal vein involvement (P), contiguous extrahepatic tumor 
(E), rupture at diagnosis (R), and multifocality (F)] or 
distant metastasis (M) (Table 1). 

The treatment algorithm is shown in Figure 1. JPLT 
and COG have permitted primary hepatectomy for 
patients with PRETEXT I and II tumors, but SIOPEL has 
recommended preoperative chemotherapy for every patient, 
which is followed by tumor resection (19,27-29) or liver 
transplantation (27), and a short course of postoperative 
chemotherapy for most cases. The current consensus 
based on CIHC analysis is that an initial resection can be 
performed for PRETEXT I or II tumors if the tumor is 
located at least 1 cm from the middle hepatic vein and the 
bifurcation of the portal vein. Preoperative chemotherapy 
should be performed for other situations. Cisplatin-and-
anthracycline-based chemotherapy was used as the first-
line regimen in European (SIOPEL) and Japanese (JPLT) 
studies. This regimen improved the survival rates of 
patients with resectable tumors (15,17). The SIOPEL-1 
study (PLADO) used four triweekly preoperative and two 
postoperative cycles of cisplatin (CDDP) and doxorubicin 
(DOXO), and resulted in an overall response rate of 82% 
and 5-year event-free survival (EFS) of 66% (28). The 
JPLT studies, using the same four preoperative and two 
postoperative cycles of CDDP and pirarubicin (THP-
ADM), and the COG studies, using the same cycles of 
CDDP, fluorouracil (5-FU), and vincristine, resulted in 
almost similar survival rates. CDDP monotherapy recently 
achieved similar rates of complete resection and survival 
among children with resectable tumors (15). Therefore, 
CDDP monotherapy will be first-line chemotherapy for 
these standard HBLs. A trial is underway that evaluates 
combination therapy using CDDP and sodium thiosulphate 
to reduce the late effects of CDDP, especially ototoxicity.

High-risk (HR) patients

These patients are those with unresectable tumor at 
diagnosis and/or associated with so-called “combi 
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factors” without distant metastasis. The combi factor is a 
combination of the cross sectional imaging components 
including macrovascular involvement retrohepatic vena cava 
or all three hepatic veins (V); macrovascular involvement 
portal bifurcation or both right and left portal veins (P); 
contiguous extrahepatic tumor (E); multifocal disease (F); 
and spontaneous rupture (R) at diagnosis. V, P, E, F and 
R where a patient is categorized as positive when at least 
1 of the components is present in HR. In addition, CHIC 
analysis found that older patients (≥3 years old at diagnosis) 
and patients with ruptured or multifocal tumors at diagnosis 
had unfavorable outcomes. Therefore, these patients were 
included as high-risk patients, even if their tumor was 
resectable (30,31). Conventional preoperative chemotherapy 
used in the PLADO, CITA, and C5V trials for patients with 
PRETEXT IV unresectable tumors resulted in tumors that 

could be resected by hepatectomy in some patients; but the 
outcome of patients with unresectable tumors at diagnosis 
remained unsatisfactory. Therefore, in SIOEPL studies, 
chemotherapy for HR-HBL was gradually intensified by the 
addition of carboplatin (SuperPLADO study) or high-dose 
CDDP (SIOPEL-4 study) with shortened intervals between 
chemotherapy cycles (31,32). In COG studies, the HR-
HBL regimen was also intensified by addition of DOXO 
and high-dose CDDP (C5VD) (33). The SIOPEL-4 
and COG approaches, based on CDDP intensification, 
improved the survival of children with HR-HBL, including 
those with lung metastases. Therefore, at present, CDDP 
intensification protocols are being evaluated for patients 
with HR-HBL, although the toxicity and late complications 
of these treatment protocols remain unclear.

In addition, orthotropic liver transplantation has 

Figure 1 Diagnosis and treatment algorithm for hepatoblastoma. Hepatoblastoma is usually diagnosed from clinical signs, imaging 
findings, and elevation of serum α-fetoprotein (AFP) levels. In some patients whose tumor is ruptured, transarterial embolization (TAE) 
or transarterial chemoembolization (TACE) is needed for control of intraperitoneal bleeding. After bleeding is controlled, these patients 
should be treated according to the following risk stratification. Among the patients without distant metastasis [M(-)], low-risk (LR) patients are 
treated by primary resection followed by postoperative chemotherapy (Post-op CX). Standard-risk (SR) [intermediate-risk (IR) in Table 1] or 
high-risk (HR) patients receive preoperative chemotherapy (Pre-op CX) and then undergo primary tumor resection by hepatectomy or liver 
transplantation (LTX). The very high-risk (VHR) patients with distant metastasis [M(+)] receive Pre-op CX. Then, a patient whose distant 
metastasis is diminished by CX undergoes primary tumor resection by hepatectomy or LTX followed by Post-op CX; a patient whose 
distant metastasis remains undergoes metastasectomy or hepatectomy. LTX is usually indicated for the patient without distant metastasis 
or whose distant metastasis has clearly disappeared. Patients with recurrence or tumor progression should undergo rescue chemotherapy. 
Consolidation therapy has not been established as additional treatment for these HR and VHR patients who have undergone these 
multimodal therapies.
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improved the outcome for some patients with unresectable 
tumors (PRETEXT IV tumors or tumors with portal or 
hepatic vein involvement) (34). Although the timing of 
liver transplantation and the role of rescue transplantation 
therapy remain controversial, consultation for liver 
transplantation should be performed for high-risk patients 
during the early stages of preoperative chemotherapy.

Very high-risk patients (metastatic HBL)

There is strong agreement that patients who present 
with lung metastases have a poor prognosis. In addition, 
CHIC analysis revealed that older patients (≥8 years old at 
diagnosis) and patients with low AFP levels (<100 ng/mL) 
have unfavorable outcomes. Therefore, these patients were 
included as very high-risk patients even if their tumor had 
not metastasized (35,36).

Conventional chemotherapy was usually ineffective 
for these very high-risk patients, with survival rates under 
40% in the previous SIOPEL-1 and JPLT-1 studies (8,18). 
Moreover, resection of lung metastases has been effective 
for some patients with metastatic tumors. The surgical 
guideline for lung metasectomy should be necessary to 
improve outcome of the patient with lung metastasis in 
future. CDDP intensification therapy such as that used 
in the SIOPEL-4 protocol seems to be effective for these 
patients. The 3-year survival of metastatic HBL cases who 
underwent the SIOPEL-4 protocol was approximately 
80% (31). To decrease recurrence, a consolidation regimen 
should be considered for these very high-risk patients. In 
addition, new molecular targeting therapy using vincristine 
and irinotecan will be investigated by COG.

For some of these metastatic patients whose metastatic 
lesions respond to these approaches, liver transplantation 
may be an indication. Therefore, carefully planned 
combination therapy using dose-intensified chemotherapy 
and surgical approaches that include metastasectomy and 
liver transplantation should be required to treat the very 
high-risk HBL patient.

Other therapies

Transarterial embolization (TAE) is used to control 
peritoneal hemorrhage in patients with ruptured tumors. 
Since primary resection for such rupture cases results in 
poor outcome, interventional control for hemorrhage 
is required for more successful treatment of these HBL 
patients.

It is well known that the normal liver receives blood from 
two sources, the hepatic artery and portal vein. Malignant 
liver tumors, including HBL, are mainly fed by the hepatic 
artery. Therefore, transarterial chemoembolization 
(TACE) is tumor selective. JPLT has used TACE instead 
of systemic chemotherapy as a clinical trial (17). CDDP 
and anthracycline have infused with particles that are used 
for embolization. The effect of TACE for HBL seemed 
to be equivalent to that of the patients who were treated 
by systemic chemotherapy and might be less toxic in 
comparison with systemic chemotherapy. Therefore, TACE 
is one of the effective procedures for pediatric liver tumors. 
However, administering TACE to children is somewhat 
difficult and requires general anesthesia. Verification of 
the efficacy of TACE for patients with standard-risk HBL 
requires additional clinical trials.

Future plans

To obtain consensus for universal risk stratification and 
treatment of pediatric HBL, CHIC has created the largest 
database to date of patients with this rare cancer. The CHIC 
based classification system described in this review is being 
incorporated into a new risk-based cooperative international 
trial ,  the Pediatric Hepatoblastoma International 
Therapeutic Trial (PHITT), a joint venture of global 
collaboration that includes SIOPEL, COG, and JPLT.
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