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A single-center retrospective study of pediatric hepatoblastoma
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Abstract. Hepatoblastoma is a malignant liver tumor generally
diagnosed in infants and children <3 years old. The current
retrospective study aimed to investigate the associations
of tumor stage, pathological type, metastasis and chemo-
therapy with clinical outcomes. In the current study, a total
of 102 patients with hepatoblastoma were enrolled between
September 2006 and June 2014. Clinical records and follow-up
information for each of patient were obtained to conduct
a Kaplan-Meier survival analysis and log-rank test. The
median age of the subjects was 1.5 years, and 98 patients had
stage III or I'V hepatoblastoma. Complete or partial remittance
occurred in 72 subjects, and 91 underwent surgical operation.
The survival rate differed significantly among patients with
different tumor stages (P=0.015, x*=8.359). The mortality rate
of stage IV subjects with intrahepatic metastasis was signifi-
cantly higher than that of those without (P=0.004). Among the
45 subjects with relapsed hepatoblastoma, the mortality rate
was higher in the subjects that abandoned chemotherapy than
in patients who continued regular chemotherapy. In total, 27
of 45 subjects with relapsed hepatoblastoma succumbed to
the disease; 20 of them abandoned chemotherapy treatment;
and the remaining 7 patients underwent regular chemotherapy
and succumbed to the disease by the end of follow-up. The
present study indicates that the increased mortality rate was
associated with postoperative residual-induced intrahepatic
metastasis and relapsed hepatoblastoma; and that regular
chemotherapy is necessary for patient to achieve complete or
partial remission following surgical operation.
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Introduction

Hepatoblastoma is a highly malignant common primary liver
tumor generally observed in infants and children <3 years
old (1). Hepatoblastoma is the third most common abdominal
neoplasm in this age group after neuroblastoma and nephro-
blastoma (2), and comprises 25-45% of all liver tumors and
nearly 60% of all primary malignant tumors of the liver
during childhood, posing a serious threat to health in the early
stages of life. The incidence of hepatoblastoma is 1.5 times
higher in males than in females (3). The morbidity rate was
1.2-1.7/million in the late 1990s in Europe, and may still be
decreasing (3-5).

Recent innovations in treatment have significantly
increased the survival rate of patients with hepatoblastoma
during the past few decades (6). Before the 1970s, the major
method of treating hepatoblastoma was hepatectomy without
the application of effective post-surgical chemotherapy,
resulting in a low survival rate of 20-30% for patients (7).
Since the 1980s, however, chemotherapy with platinum-based
anticancer drugs has been used and the 5-year survival rate
of patients with hepatoblastoma has increased to =75% (8.9).
Currently, the primary method of treating hepatoblastoma
employs systemic chemotherapy (including pre-surgical
volume reduction and postoperative chemotherapy), local
interventional chemotherapy and high-dose chemotherapy
in combination with autologous peripheral blood stem cell
transplantation (APBSCT) (10). However, despite the wide
application of various chemotherapy measures, the 5-year
survival rate for advanced hepatoblastoma remains low,
particularly for subjects with metastatic tumors in distant
tissues or organs (11).

In order to identify the risk factors affecting disease
prognosis and outcome, a single-center retrospective analysis
was conducted on 102 subjects with advanced stages of hepa-
toblastoma collected between September 2006 and June 2014.
The present study aimed to identify appropriate treatment for
such subjects, and thus increase the survival rate of patients
with advanced hepatoblastoma.

Patients and methods
Patients. Information on 102 patients, including 55 males and

47 females, was collected by Beijing Tongren Hospital (Beijing,
China) between September 2006 and June 2014. These subjects
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were diagnosed to have pediatric hepatoblastoma based on
results from pathobiology and iconography analyses. Prior to
surgical operation, subjects were categorized into different
clinical stages according to the pretreatment extension of
disease (PRETEXT) system adopted by the International Child-
hood Liver Tumors Strategy Group (SIOPEL) (12). Following
surgical operation, subjects were recategorized as stage I, II,
IIT or IV based on the malignancy of the hepatoblastoma,
according to the Children's Oncology Group (COG) staging
criteria (13). Additionally, the hepatoblastoma tumor tissues
removed from these subjects were grouped based on pathology
as epithelial (including embryonal and fetal subtypes), macro-
trabecular or mixed type (14). The detailed categorization
and clinical diagnoses of the patients are presented in Table I.
The current study was approved by the Committee on Human
Study of the Chinese People's Liberation Army General
Hospital (Beijing, China) and the Ethics Review Committee
of Beijing Tongren Hospital. All procedures involving human
participants were in accordance with the 1964 Declaration of
Helsinki and its later amendments. Written informed consent
was provided by the parents or guardians of the patients.

Treatment. A total of 91 subjects were treated by surgical
operation; the remaining 11 patients were unable to undergo
surgical operation due to the accelerated malignancy of
hepatoblastoma or other reasons (Table I).

For subjects with stage III hepatoblastoma, interventional
therapy or surgical operation was conducted following
iconographical and serological evaluation. Following surgery,
patients underwent 6-9 cycles of chemotherapy. For stage IV
subjects with solely intrahepatic metastasis, pre-surgical
chemotherapy was adopted for 2-4 cycles. Iconographical and
serological evaluation was conducted every 2 cycles. Following
surgery, chemotherapy was sustained for 9 cycles.

Pre-surgical volume reduction, local interventional
chemotherapy, radiofrequency ablation, and/or minimally
invasive surgery were performed following surgical evaluation
of the disease. For stage III and stage IV subjects with solely
intrahepatic metastasis, liver transplantation was performed
following tumor volume reduction induced by 2-4 cycles of
pre-surgical chemotherapy or radiofrequency ablation.

Pre-surgical chemotherapy consisted of 90 mg/m? cisplatin
on day 1, 1.5 mg/m? vincristine on day 2 and 600 mg/m?
fluorouracil on day 2, and was sustained for 2-4 cycles.
Post-surgical chemotherapy consisted of the AEP method
(90 mg/m? cisplatin on day 1, 25 mg/m? pirarubicin on days
1-3 and 100 mg/m? etoposide on days 1-4) and the ACP
method (90 mg/m? cisplatin on day 1, 25 mg/m? pirarubicin
on days 1-3 and 800-1,000 mg/m? cyclophosphamide on day
1), alternately. Post-surgical chemotherapy was sustained for
4-6 cycles.

In order to remove the postoperative residual, the IEA
method of chemotherapy treatment (300 mg/m? ifosfamide on
days 1- 2, 400 mg/m? carboplatin on day 3, 25 mg/m? piraru-
bicin on days 4-5 and 100 mg/m? etoposide on days 1-5) was
applied and repeated for 6-8 cycles.

Follow-up. Follow-up was conducted monthly until August 1,
2014. Subjects were regarded as censored if they abandoned
the treatment or were uncontactable.
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Statistical analysis.Data were expressed as the mean + standard
deviation. Normally distributed data were compared using the
t test. The % test was used to compare the number of patients.
Comparison of data that did not follow a normal distribution
was performed according to the Mantel-Cox log-rank test.
Kaplan-Meier analysis was used for survival analysis. SPSS
software version 19.0 (IBM, SPSS, Armonk, NY, USA) was
used for statsitical analysis. P<0.05 was considered to indicate
a statistically significant difference.

Results

Patient clinical features. The median age of the 102 subjects
was 1.5 years (range, 1 month-15 years, Fig. 1). The majority
of subjects were <3 years old. Upon first diagnosis, 74 subjects
(72.5%) had developed an abdominal mass; 10 subjects (9.8%)
had abdominal pain, fever and jaundice; 11 subjects (10.8%)
had anorexia and weight loss; and 6 (5.9%) had fever and cough.
Interestingly, 1 case of hepatoblastoma was detected during a
physical examination performed during the pregnancy of the
patient's mother.

Application of surgical operations and chemotherapy.
Surgical resection of primary hepatoblastoma was conducted
for 92 out of the 102 subjects. Radiofrequency ablation was
performed to reduce the size of the tumor for 3 patients with
primary hepatoblastoma and 1 patient with metastatic tumor.
Minimally invasive surgical resection of a metastatic tumor
located at the lung was performed for 1 subject.

Pre-surgical chemotherapy was applied to 72 subjects
(71.3%), and the mean number of chemotherapy cycles
performed was 2.97+1.69 (range, 1-8; median, 3 cycles).
Out of the patients undergoing pre-surgical chemotherapy,
pre-liver-puncture chemotherapy was conducted for 68
subjects (67.3%), and post-liver-puncture chemotherapy was
conducted for 4 subjects (4.0%). Post-surgical chemotherapy
was administered to 86 patients (84.3%), and the mean number
of cycles performed was 8.50+5.23 (range, 4-32; median,
7 cycles).

Pre-surgical interventional therapy was received by
17 patients. The average times of interventional therapy were
2.00£1.17 times (range, 1-5 times; median, 2). Radiotherapy
was performed twice for a stage IV subject with progressive
metastatic tumor at the lung and once for a stage III subject
at the hepatoblastoma tissue. Liver transplantation was
performed for 2 stage IV patients. In one of these subjects,
a multiple space-occupying lesion was diagnosed. Chemo-
therapy was performed following hepatoblastoma relapse
and partial remission (PR) was subsequently observed. For
the other subject, high-dose chemotherapy and APBSCT was
applied and the survival time for this subject was 6 months
following liver transplantation.

Retrospective study on the prognoses. The follow-up lasted
until August 31, 2014. The average time length of follow-up
was 25.9 months (range, 1-94 months; median, 21 months).
Complete remission (CR) was achieved in 52 subjects (51.0%)
and PR in 20 cases (19.6%). The recurrence of hepatoblastoma
was observed in 3 subjects (2.9%) and 27 subjects succumbed
to the disease (26.5%). The effective rate (CR + PR) was 69.6%.



Table I. Categorization and clinical diagnoses for all
102 patients with pediatric hepatoblastoma.

Number of
Criteria patients Ratio (%)
COG stage
1I 4 4/102 (3.9)
111 48 48/102 (47.1)
v 50 50/102 (49.0)
Pathological type*
Epithelial 52 52/91 (57.1)
Macrotubular 11 11/91 (12.1)
Mixed 28 28/91 (30.8)
Primary site
Left lobe 13 13/102 (12.7)
Right lobe 47 47/102 (46.1)
Diffused 42 42/102 (41.2)
Metastatic site®
Lung 37 37/49 (75.5)
Superior vena cava tumor 10 10/49 (20.4)
emboli
Intrahepatic metastasis 17 17/49 (34.7)
Bone 6 6/49 (12.2)
Atria 2 2/49 (4.1)
Encephalic 2 2/49 (4.1)
Colon and small intestine 2 2/49 (4.1)
Pleura 4 4/49 (8.2)

“Pathological typing was performed for 91 subjects. Surgical
operation was not conducted for 8 subjects due to the accelerated
malignancy of hepatoblastoma or for a further 3 subjects who were
undergoing pre-surgical chemotherapy. "Metastasis was observed in a
total of 49 subjects, and multiple metastases were detected in several
subjects. COG, Children's Oncology Group.
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Figure 1. Age distribution of the 102 subjects. In total, >30% of the patients
were aged between 1 and 2 years.
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Advanced hepatoblastoma is associated with a low survival
rate. Total patient survival rates were 75.0, 80.9 and 20.2%
for subjects with stage II, IIT and IV hepatoblastoma, respec-
tively. The survival rate differed significantly among these
different groups (P=0.015, %*=8.359, log-rank test; Table II).
The median survival time for stage I'V subjects was 40 months
[95% confidence interval (CI)=27.8-52.2 months; Fig. 2].

Intrahepatic metastasis is associated with high mortality.
In order to identify the major factor associated with the low
survival rate of the stage IV subjects, the rate of hepatoblas-
toma metastasis among such patients was evaluated. At first,
subjects with intrahepatic metastasis were assessed. According
to the criteria adopted by COG (11), out of the 50 stage IV
subjects, 16 were diagnosed with intrahepatic metastasis. The
mortality rate of stage I'V subjects with intrahepatic metastasis
was significantly higher than that of stage IV patients without
intrahepatic metastasis (P=0.004; Table III). In addition, the
survival time was significantly shorter for stage I'V subjects
with intrahepatic metastasis compared with stage I'V patients
without intrahepatic metastasis (P=0.006, x*=7.467, log-rank
test; Table I'V and Fig. 3).

Due to the existence of postoperative residual in stage IV
subjects, the high mortality rate associated with intrahepatic
metastasis implies that postoperative residual may affect the
outcome of stage I'V hepatoblastoma patients.

There is no difference in the survival rate between stage 1V
subjects with and without distant metastasis. Subsequently,
the association between distant metastasis and survival rate of
the 50 stage IV subjects was investigated. Distant metastasis
was detected in 41 cases, and among them, 10 patients also
had intrahepatic metastasis. A significant difference between
the survival rates of stage IV subjects with distant metastasis
and those without distant metastasis was detected (P=0.021;
Table V). However, according to the results of log-rank test
and Kaplan-Meier survival analysis, the median survival time
did not differ significantly between stage IV subjects with and
without distant metastasis (P=0.063, %*>=3.462; Table VI and
Fig. 4), suggesting that distant metastasis does not affect the
outcome of stage I'V hepatoblastoma.

High mortality rate for subjects experiencing relapse who
abandon chemotherapy. Hepatoblastoma relapsed was
observed in 45 out of the total 102 subjects. The median survival
time for the 45 subjects was 12 months (range, 1-60 months).
Hepatoblastoma relapse was detected in 1 stage II, 9 stage III
and 35 stage IV patients. The stage II subject with relapsed
hepatoblastoma experienced tumor progression to stage I'V.
Following two surgical operations and chemotherapy, the
patient succumbed to the disease. Intrahepatic tumor recur-
rence was detected for all 9 stage III subjects with relapsed
hepatoblastoma, implying that this caused the postoperative
residual in relapse. Following treatment, 3 patients survived
and 6 succumbed to the disease. For the 35 stage IV subjects
with relapsed hepatoblastoma, 20 succumbed to the disease
following chemotherapy.

The results of Fisher's exact test demonstrated that the
relapse rate was significantly higher in stage IV subjects
compared with stage III subjects (P=0.001; Table VII).
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Table II. Survival rate of subjects with different stages of hepatoblastoma.

Outcomes

COG stage Complete remission (%) Partial remission (%) Mortality (%) Relapse (%) Total (%)
1* 3(75.0) 0(0.0) 1(25.0) 0(0.0) 4 (100.0)
I 32 (66.7) 10 (20.8) 6 (12.5) 0(0.0) 48 (100.0)
v 17 (34.0) 10 (0.0) 20 (40.0) 3(6.0) 50 (100.0)
Total 52 (51.0) 20 (19.6) 27 (26.5) 3(2.9) 102 (100.0)
*One patient within this group succumbed to the disease following surgical operation. COG, Children's Oncology Group.
Table III. Difference in mortality rates between stage IV sub-
jects with and without intrahepatic metastasis. 107 7
Intrahepatic P-value HLLL‘\ S:age i
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Furthermore, the mortality rate for patients with relapsed
hepatoblastoma was higher among stage I1I subjects compared 007 . : ; : . :
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with stage I'V subjects (P=0.041; Table VIII).

A total of 27 out of the 45 subjects with relapsed hepa-
toblastoma succumbed to the disease. Among these 27
subjects, 20 had abandoned the chemotherapy treatment
(1 stage 11, 4 stage IIT and 15 stage IV subjects). Among the 25
relapsed patients that continued regular chemotherapy, only 7
succumbed to the disease following treatment. The difference
in the mortality rate between subjects that continued chemo-
therapy and those that did not suggested that the mortality rate
of patients with relapsed hepatoblastoma may be affected by
chemotherapy.

No difference exists in the mortality rate among subjects with
distinct pathological types of tumor. Definite tumor patholog-
ical types were attributed to 91 out of the 102 cases, including
52 epithelial, 28 mixed and 11 macrotrabecular. No significant
difference in the mortality rate among patients with these
different pathological types was detected (Table IX). However,
subjects with different pathological types had different
survival curves, indicating that the survival times of patients
with different pathological types of tumor differed signifi-
cantly (P=0.010, ¥*=9.193, log-rank test; Fig. 5). This result
implied that, although pathological typing may effectively
demonstrate the degree of differentiation of the tumor tissue, it
is not associated with disease prognosis.

Discussion
Pediatric hepatoblastoma is usually diagnosed in infants,

particularly among those aged 1-2 years old (15). In the
current study, ~70% of subjects were <3 years old, which was

Survival in months

Figure 2. Survival analysis results of all stage IV subjects. Patients with
stage IV have significant lower survival rate than patients with stage II and
stage 111 (P=0.015). Cum, cumulative.

consistent with previous studies (16,17). The majority of cases
of pediatric hepatoblastoma begin with painless abdominal
mass or diffused lesions (18). At first diagnosis, abdominal
mass was observed in 74 of the subjects included in the current
study and diffused hepatoblastoma was detected in 42 subjects
at the primary site. It should be noted that one case was iden-
tified in the physical examination of the fetus prior to birth,
which demonstrates the importance of performing physical
examinations during pregnancy. Additionally, the disease
history during pregnancy for the mothers of patients with
pediatric hepatoblastoma should be emphasized, particularly
for cases diagnosed <6 months following birth.

The wildly applied treatment of hepatoblastoma in the
current study included chemotherapy, radiotherapy, surgical
resection and immunotherapy (12,19,20). Liver transplantation
and APBSCT with high-dose chemotherapy were performed
on subjects at an advanced disease stage. The postoperative
residual was difficult to remove solely using surgical operation
due to the complicated structure of pediatric hepatoblastoma.
The postoperative residual may be a cause of relapse, as
suggested in the current study. However, due to the sensitivity
of pediatric hepatoblastoma to chemotherapy, the tumor
tissue may be completely resected following pre-surgical
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Table IV. Survival time of stage IV subjects with and without intrahepatic metastasis.
Intrahepatic Median survival 95% confidence 3-year S-year
metastasis time, months interval survival rate, % survival rate, %
Yes 30 15.6-44 4 17.8 8.9
No 59 37.5-80.5 75.6 324

Table V. Significant difference in survival rates between stage
IV subjects with and without distant metastasis.

Distant P-value
metastasis Alive Succubed (Fisher's exact test)
Yes 28 13 0.021*
No 2 7
P<0.05.
1.0
0.8 intrahepatic metastasis-free
©
>
E 0.6
=
7]
g 0.4+
(&)
0.24
intrahepatic metastasis
0.0

Survival in months

Figure 3. Survival analysis results of stage IV patients with or without
intrahepatic metastasis. The survival time was significantly shorter for the
stage I'V subjects with intrahepatic metastasis compared with those stage IV
cases without intrahepatic metastasis (P=0.006). Cum, cumulative.

chemotherapy and reduction of the primary tumor size. Addi-
tionally, post-surgical chemotherapy may effectively decrease
the possibility of relapse and metastasis occurring due to
cleaning up the postoperative residual, thus increasing the
survival rate of subjects. For subjects with intact tumor capsule,
intervenient chemotherapy was frequently applied to reduce
the size of hepatoblastoma (21). A novel method of adjuvant
chemotherapy has been suggested by SIOPEL to reduce tumor
size and clear the postoperative residual (12). Furthermore, the
COG has advised that this new adjuvant chemotherapy should
be applied to treat stage IIT and IV subjects with vascular
invasion or distant metastasis (13). Following adjuvant chemo-
therapy, a satisfactory outcome may be obtained. Therefore,
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Figure 4. Survival analysis results of stage I'V patients with or without distant
metastasis. The median survival time was no significantly different between
stage IV subjects with and without distant metastasis (P=0.063). Cum,
cumulative.
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Figure 5. Survival analysis results of patients with different pathological
types. Patients with different pathological types have different survival time.
Patients with macrotrabecular type have significant shorter survival time
compared with patients with mixed type and epithelial type (P=0.010). Cum,
cumulative.

the combination of pre- and post-surgical chemotherapy and
surgical operation may improve the prognosis of patients with
pediatric hepatoblastoma, even for those with advanced stages
of the disease.
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Table VI. Survival time of stage IV subjects with or without distant metastasis.

Distant Median survival 95% 3-year 5-year

metastasis time, months confidence interval survival rate, % survival rate, % P-value
Yes 59 32.8-85.2 61.3 26.3 0.063
No 30 11.4-48.6 254 12.7

Table VII. Difference in relapse rate of hepatoblastoma
between stage III and stage IV subjects.

P-value
Relapse Stage I1I Stage IV (Fisher's exact test)
Yes 9 35 0.001°
No 39 15

*One relapsed tumor was detected in a stage II subject, who later
progressed to stage IV hepatoblastoma. The subject was not counted
in this table. *P<0.01.

Table VIII. Difference in the mortality rates of stage III and IV
subjects following treatment for relapsed tumor.

P-value
Stage Alive Succumbed (Fisher's exact test)
11 3 6 0.041*
v 15 20
P<0.05.

Table IX. Mortality rate of subjects with different pathological
types.

Pathological P-value

type Alive  Succumbed (Fisher's exact test)
Epithelial 38 14 0479
Mixed 24 4

Macrotrabecular 9 2

Although hepatoblastoma can undoubtedly be identified
using iconography analysis and serum alpha-fetoprotein
examination, pre-surgical chemotherapy should be applied
following pathological diagnosis (20,22-25). If it is not feasible
to conduct a liver puncture and confirm the existence of
hepatoblastoma, one of the following criteria should be met to
justify the application of pre-surgical chemotherapy: A signifi-
cantly higher level of serum alpha-fetoprotein compared with
normal controls; a tumor size that is too large for first resec-
tion or subject unendurable to surgical operation; diffused
hepatoblastoma with calcification; distant metastasis; tumor
hemorrhage; or stage III or IV hepatoblastoma (26).

In patients, 90% of the blood supply for hepatoblastoma
flows through the hepatic artery (27). However, ~75% of blood
supplied to the healthy liver flows through the portal vein (28).
Reducing the blood supply to hepatoblastoma without affecting
blood supply to normal liver tissue may result in the selective
necrosis of tumor cells. Furthermore, given the differences in
blood supply, local interventional chemotherapy may be an
ideal and specific measure of hepatoblastoma treatment.

Inthe present study, resection of primary hepatoblastoma was
performed in 91 subjects. Radiofrequency ablation was applied
to 4 subjects, including 3 with primary hepatoblastoma and 1
with a lung metastatic tumor. Additionally, minimally invasive
surgery was conducted for the subject with a lung metastatic
tumor. Systemic pre-surgical chemotherapy was performed in
72 subjects, and 86 subjects were treated with post-surgical
chemotherapy. A total of 17 subjects were treated using the
hepatic arterial chemoembolization method. CR was observed
in 52 subjects and PR in 20. The effective rate (CR + PR) was
69.6%. This rate was slightly lower compared with that of a
previous study. This inconsistency may have been caused by
the high percentage of subjects with advanced hepatoblastoma
(98 subjects were stages III and IV) and the abandonment of
treatment following relapse of hepatoblastoma by 20 subjects in
the current study.

It has previously been reported that the combination of
liver transplantation and APBSCT with high-dose chemo-
therapy is effective in treating PRETEXT IV hepatoblastoma,
hepatoblastoma invading the portal vein, micrometastatic hepa-
toblastoma and postoperative residual-induced relapse (19).
Otte et al (29) demonstrated that 43 out of 49 hepatoblas-
toma subjects achieved tumor-free survival following liver
transplantation. However, liver transplantation may be inap-
propriate for subjects with lung metastatic tumors or those
unable to undergo surgical operation. For these subjects,
APBSCT with high-dose chemotherapy may at least partially
relieve the symptoms of the disease. In the current study,
the stage IV subject with diffused primary hepatoblastoma
relapsed following liver transplantation. Another stage IV
subject achieved PR following liver transplantation; however,
the patient only survived for 6 months. This suggests that,
although liver transplantation partially relieves hepatoblas-
toma, it has little effect on the final outcome for subjects with
advanced stages of the disease. The stage of hepatoblastoma,
state of subjects and other issues should be taken into account
prior to conducting liver transplantation.

A total of 27 subjects succumbed to the disease in the
current study. All experienced a relapse of hepatoblastoma
during treatment, indicating that tumor relapse may be the
major cause of mortality among patients with hepatoblastoma.
However, only 7 out of the 25 subjects who experienced



relapse but underwent regular chemotherapy succumbed to
the disease by the end of follow-up, suggesting the impor-
tance of chemotherapy in treating relapsed hepatoblastoma.
The postoperative residual was regarded as a major cause of
intrahepatic metastasis and tumor relapse. Distant metastasis
and pathological type may have little effect on the outcome of
hepatoblastoma. Therefore, in order to improve the survival
rate of subjects with pediatric hepatoblastoma, efforts should
be made to clear the postoperative residual and reduce the
relapse rate.
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