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Abstract
Background The study aimed to summarize the clinical data of hepatoblastoma (HB) in infants under 1
year of age, analyze their treatment effects and factors that affect the prognosis.

Methods Clinical data of 132 pathologically con�rmed children under the age of 1 year old with
hepatoblastoma who were admitted to the pediatric single center of Beijing Tongren Hospital,Capital
Medical University from May 2005 to May 2019 were collected. The clinical e�cacy and prognosis of
combined treatment were summarized through retrospective analysis.

Results 1. Of the 132 children enrolled, 74 were male and 58 were female; median age was 8.40 months;
the onset of disease was the most common (75.0%) of abdominal distension; infant HB had high AFP at
the initial diagnosis, with an median level of 154725.0ng/ml; the platelet value was (405 ± 166) × 109/L;
the pathological type was mainly epithelial (57.6%), and most of the epithelial types were fetal (67.1%);
the PRETEXT stage was mainly stage III (54.5%), followed by stage II (34.1%); 45 cases had distant
metastases, most of which were lung metastases (86.7%); 24 patients (18.2%) had portal vein or hepatic
vein or vena cava invasion, 5 (3.8%) had tumor rupture, and 26 (19.7%) had multiple intrahepatic lesions.
2. The patients were followed up to May 2020, with a median follow-up time of 58 months. Among them,
84 cases had complete remission and 18 cases had partial remission. According to Kaplan-Meier survival
analysis, the 5-year overall survival rates (OS) were 80.1%; the event-free survival rates (EFS) were 77.5%.
Log-rank test showed that patients with AFP> 100ng/ml at �rst diagnosis had a good prognosis; the EFS
of the patients at PRETEXT IV stage was only 28.6%; children with distant metastasis and multiple
primary tumor lesions had 63.5% and 31.5% EFS at 5 years, both of which had poor prognosis and were
risk factors affecting the prognosis of infants with HB (P < 0.05); the 5-year EFS for the patients with
primary tumor complete resection is 74.2%.

Conclusions Infant HB has its own characteristics. Through comprehensive treatment, the prognosis is
relatively good, but it is still susceptible to multiple factors such as AFP level, PRETEXT stage, the
presence of distant metastasis and multiple intrahepatic lesions.

Background
Hepatoblastoma (HB) is an embryonic malignant tumor with different differentiation methods, which is
the most common among liver malignant tumors in infants and young children[1-2]. Studies had shown
that HB increased in incidence of 4.3% per year, from 1992 to 2004, in children younger than 19 years [3],
and was the fastest rising cancer globally in children younger than 5 years of age [4]. In recent years,more
and more infants with HB have been diagnosed, and even some cases have found liver occupying in fetal
B ultrasound during pregnancy, and then were pathologically con�rmed as hepatoblastoma after birth[5-

6].For infant HB, how to detect and intervene early is particularly important, which can effectively prolong
the survival period. In this study, we retrospectively analyzed the clinical data of 132 children under the
age of 1 year who were diagnosed by pathology in our single center from May 2005 to May 2019, and
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explored the e�cacy and prognostic factors of multidisciplinary combined therapy in order to provide
clinical reference for the diagnosis and treatment of infants with HB.

Methods
1 Research object The clinical data of 132 cases under 1 year old with HB diagnosed by the pathology
and/or imaging and serological examination of primary liver tumors admitted to the pediatric single
center of Beijing Tongren Hospital, Capital Medical University from May 2005 to May 2019 were
collected. In the course of treatment, all relevant examinations and treatments had obtained the consent
of their guardians and signed an informed consent form.

2 Pathological classi�cation and staging criteria According to the new international histopathologic
consensus classi�cation for pediatric liver tumors[7], the pathological tissue classi�cation was divided
into epithelial type and mixed type (epithelial/mesenchymal). The epithelial type was divided into fetal,
embryonal, mixed fetal and embryonal, and small cell undifferentiated(SCU) type. Tumor extent was
de�ned by PRETEXT proposed by the International Childhood Liver Tumor Strategy Group (SIOPEL) [8]:
PRETEXT I: One section is involved and three adjoining sections are free; PRETEXT II: One or two sections
are involved, but two adjoining sections are free; PRETEXT III: Two or three sections are involved, and no
two adjoining sections are free; PRETEXT IV: All four sections are involved.

3 Comprehensive treatment plan For the children clinically suspicious of HB, if they were with PRETEXT
stage I or some with stage II tumors, their tumors could be removed by surgery �rst and then receive
chemotherapy. For some children with PRETEXT stage II or children with stage III and IV tumors,
neoadjuvant chemotherapy could be given �rst, and 2-4 chemotherapy cycles should be performed before
surgery and 4-6 cycles of postoperative consolidation chemotherapy. The conventional �rst-line
chemotherapy was C5V (cisplatin + �uorouracil + vincristine) and PLADO (cisplatin + doxorubicin). For
cases with poor �rst-line chemotherapy effect or repeated relapses or metastases, individualized
chemotherapy regimens could be used, such as irinotecan + cyclophosphamide + cisplatin + vincristine,
etoposide + cisplatin + pirarubicin or cyclophosphamide + cisplatin + pirarubicin, the chemotherapy cycle
could be extended to 12-18 cycles. All cases should be evaluated according to the classi�cation criteria of
the toxic and side effects of WHO chemotherapy drugs during the chemotherapy. STS (SMZ+TMP+SB)
was used to prevent cystitis, dexrazoxane to prevent cardiotoxicity, and GCSF to stimulate granulocyte
growth after chemotherapy. For patients with huge tumors, di�cult surgical resection, or multiple
metastases in the liver, arterial interventional embolization could be used [9], and interventional
chemotherapy such as cisplatin and adriamycin could be given during the operation (15 patients in this
document underwent arterial intervention chemoembolization). For some patients with PRETEXT stage IV,
or patients whose tumors could not be removed by portal vein invasion, or traditional surgery, or patents
who get postoperative residual / relapse in the liver, liver transplantation could be considered. In addition,
new therapeutic methods such as targeted therapy and molecular biological therapy could also be used.
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4 Monitoring indicators, follow-up and evaluation criteria Imaging examination (B-ultrasound, CT) of the
primary and / or metastatic lesions was performed every 2 cycles of chemotherapy. Serum alpha-
fetoprotein (AFP) was detected before each chemotherapy (the instrument used the Roche Cobas e601
electrochemiluminescence immunoassay analyzer to detect AFP, the normal range was <20ng/ml),and
human chorionic gonadotropin (hCG) in some cases was also detected (normal value <2.5mIU / ml).
Peripheral blood routine, liver and kidney function, myocardial enzymes and other indicators were
monitored during chemotherapy. The follow-up date ended in May 2020, and it was completed by means
of returning to the hospital for review and telephone follow-up. According to the follow-up results, the
clinical data, overall survival (OS) and event-free survival (EFS) of the children were counted, and the
prognostic factors and the safety of chemotherapy were analyzed.

5 Criteria for curative effect[10] Complete remission (CR): the tumor completely disappeared after
treatment, there was no evidence of tumor residual on imaging, and serum AFP was normal for more than
4 weeks; Partial remission (PR): tumor shrank by more than 50%, no new lesions, and serum AFP
decreased by more than 20%[11]; Progression: the tumor had increased by more than 25% or a new tumor
had appeared during treatment, or the AFP had increased or exceeded the normal value for 2 consecutive
weeks; Recurrence: after complete remission of the tumor, pathological biopsy con�rmed the recurrence
of the tumor or there was clear imaging evidence and serum AFP increased three consecutive times
within four weeks; or died.

6 Statistical methods SPSS 19.0 software was used to perform statistical analysis on the data.
Comparison between groups was performed using χ2 test, Kaplan-Meier method was used for survival
analysis, and Log-rank test was used to compare survival rates among subgroups. P <0.05 was
considered statistically signi�cant.

Result
1 Clinical features

1.1 Clinical symptoms: The clinical data of 132 patients enrolled are shown in Table 1. Among them, 74
were male and 58 were female, male / female = 1.27.The age at diagnosis ranged from 0.93 to 11.57
months, mostly older than 6 months (62.1%), and the median age was 8.40 months. In this study, 3
patients’ fetal B-ultrasound revealed high echogenicity in the liver area during the pregnancy (32-36 weeks
of gestation), that is, hepatic space-occupying lesions were found, and hepatoblastoma was
pathologically diagnosed after birth. Among them, one child was born with very low birth weight, and two
children were born with low birth weight. Their birth weights were 1360g, 1950g and 2130g, respectively.
The mothers of 2 cases were advanced aged pregnant with gestational hypertension, and the mother of
the other one had a history of smoking. 6 children in this study were conceived via IVF (in-vitro
fertilization), three of which were fraternal twins. At the �rst diagnosis, 99 cases (75.0%) of abdominal
bulging were found most frequently; followed by anorexia, vomiting and diarrhea in 18 cases (13.6%). 6
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cases (4.5%) of no weight increase and anemia, 5 cases (3.8%) of yellow skin, and 4 cases (3.0%) of
physical examination.

Table 1 Clinical characteristics of 132 infant HB

Characteristics Number Proportion  %
Gender Male 74 56.1

Female 58 43.9
Age months ≤6 50 37.9

6 82 62.1
AFP at initial diagnosis ng/ml ≤100 15 11.4

100 117 88.6
Platelet count at initial diagnosis ×109/L ≤400 57 43.2

400 75 56.8
Pathological classification Epithelial type 76 57.6

    Fetal        51       67.1
    Embryonal         21       27.6
    Mixed fetal and embryonal       2       2.6
    Small cell undifferentiated        2       2.6
Mixed type 56 42.4

PRETEXT stage I 8 6.1
II 45 34.1
III 72 54.5
IV 7 5.3

Vascular invasion Yes 24 18.2
No 108 81.8

Tumor rupture Yes 5 3.8
No 127 96.2

Distant metastasis Yes 45 34.1

No 87 65.9
Multiple liver lesions Yes 26 19.7

No 106 80.3

 

1.2 Laboratory indicators, histopathology and clinical staging: In this group of data, the platelet value at
the time of initial diagnosis was (405 ± 166) × 109/L, the highest value was 1550 × 109/L, and the lowest
value was 102 × 109/L. 88.6% of HB infants had AFP> 100ng/ml at the time of initial diagnosis, with an
median level of 154725.0ng/ml. The median level of AFP was 286327.5ng/ml at the age≤6 months, and
129353.4ng/ml at the age 6 months . We conducted an hCG test on 30 infants with HB in this group at
the time of initial diagnosis. Among them, 19 patients had high hCG, ranging from 7.28-1040mIU/ml. In
the 19 cases, there was a 9-month-old male patient with hCG level of 988mIU/ml, who showed precocious
puberty signs of penile enlargement and scrotal pigmentation. 76 cases (57.6%) of the pathological
tissue types were epithelial and 56 cases (42.4%) mixed. Among the epithelial types, the fetal type was
the most (67.1%), and the embryo type was the second (27.6%). It was worth pointing out that, 2 children
were pathologically classi�ed as small cell undifferentiated type, one of them was negative for INI1, and
the other was not tested for INI1.The PRETEXT staging system was mostly in stage III, accounting for
54.5%; followed by stage II, accounting for 34.1%.

1.3 Transfer situation: In this study, 45 patients were found to have distant metastases at the time of
diagnosis. The most common metastatic sites were lungs, accounting for 86.7% (39/45). There were 27
cases of single lung metastasis (10 cases of left lung metastasis and 17 cases of right lung metastasis),
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and 12 cases of bilateral lung metastasis; 29 cases of marginal zone metastasis (74.4%) and 10 cases of
marginal zone combined with central lung metastasis (25.6%). There were 6 cases of intracranial
metastasis, 4 cases of bone metastasis, 2 cases of right atrial tumor thrombus, 1 case of intestinal and
mesenteric metastases, and 1 case of intraspinal metastases. At the time of diagnosis, 24 patients
(18.2%) had portal vein or hepatic vein or vena cava invasion, and 26 (19.7%) had multiple intrahepatic
lesions. 5 cases (3.8%) had tumor rupture and hemorrhage at the onset of the disease: 2 cases were
internal tumor bleeding with mild clinical symptoms, which was only found by abdominal
ultrasonography due to abdominal pain; the other 3 cases were rupture of tumor capsule and bleeding
with symptoms of severe abdominal pain, anemia and increased heart rate, and the blood routine test
showed decreased hemoglobin and hematocrit, abdominal ultrasound or CT showed liver space-
occupying lesions and hemorrhage, free �uid in the abdominal cavity, etc. After receiving interventional
therapy and medical hemostatic therapy, 4 children with symptoms improved, and 1 child with tumor
capsule rupture and bleeding eventually died of hemorrhagic shock.

2 Survival and prognosis analysis

The patients were followed up to May 2020(follow-up time 2-162 months), with a median follow-up time
of 58 months. Among them, 84 cases had complete remission and 18 cases had partial remission and
the treatment effective rate was 77.3% (102/132); 9 cases progressed and 21 died. According to Kaplan-
Meier survival analysis, the 1-year, 3-year, and 5-year survival rates (OS) were 94.3%, 88.8%, and 80.1%;
the event-free survival rates (EFS) were 91.8%, 86.9% and 77.5%, respectively (Figure 1). 78 cases
achieved primary tumor complete resection (32 of them could not be resected due to their huge tumors at
�rst. But after regular chemotherapy in our center, their tumors were signi�cantly smaller than before.
Thus the operative opportunity was obtained for tumor complete resection at last), with a complete
resection rate of 59.1% and a 5-year EFS of 74.2%.

We conducted a log-rank test to analyze the factors that may affect the prognosis of HB, and compared
the 5-year EFS between different subgroups (Table 2). The results showed that patients with
AFP>100ng/ml at the initial diagnosis had a better prognosis, and the 5-year EFS could reach 85.6%. The
PRETEXT stage is also a statistically signi�cant risk factor. All children in PRETEXT I survived, while the
survival rate of children in PRETEXT IV decreased signi�cantly, only 28.6%. In addition, children with
distant tumor metastases and multiple primary tumors had a poor prognosis. Survival rate was not
signi�cantly related to gender, age of onset, platelet level, pathological classi�cation, presence or absence
of vascular invasion, and tumor rupture (P> 0.05, no statistical difference) in this study.

Table 2 Single factor comparison of 132 cases of infantile HB with 5-year EFS
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Factor 5 years EFS (%) χ2 P
AFP at initial diagnosis ng/ml ≤100 49.2 4.286 0.039

100 85.6

PRETEXT stage I 100 18.682 0.000
II 97.8
III 69.4
IV 28.6

Distant metastasis Yes 63.5 15.032 0.007

No 89.2
Multiple liver lesions Yes 31.5 32.087 0.000

No 85.7

 

3 Treatment safety evaluation

Systemic chemotherapy may show toxic effects in children with HB. According to the WHO classi�cation
standard for side effects of chemotherapy, 15 cases (11.4%) of side effects after chemotherapy were
grade 0, 28 cases(21.2%) were grade I, 48 cases (36.3%) were grade II ,31 (23.5%) cases were grade III
and 10 cases (7.6%) were grade IV in this study. The main manifestations are bone marrow suppression,
liver and kidney function damage and myocardial injury after chemotherapy. Among them, 8 cases of
grade IV showed hemoglobin <65g/L and/or platelet <25×109/L, and improved after giving the
component blood transfusion. There were 32 children (24.2%) with transient liver and kidney function
damage, which improved with symptomatic treatment. One patient had severe myocardial damage,
whose BNP was 1068 pg/ml and electrocardiogram showed a prolonged QT interval and non-speci�c ST-
T segment change. There were no obvious abnormalities in echocardiography (the ejection fraction was
65%, shortening fraction was 34%), creatine kinase and creatine kinase isoenzyme. After stopping using
the drugs that may affect myocardial function immediately, and receive active nutritional myocardial
treatment, BNP gradually returned to the normal range, and the electrocardiogram was better than before.
All patients had no obvious abnormalities in hearing during chemotherapy through the test of distortion
product otoacoustic emissions. No second tumor occurred after chemotherapy in this study.

Discussion
In recent years, with the continuous improvement of diagnosis and treatment, the prognosis of HB has
been greatly improved. The research led by Einar Hafberg [12] showed that the current 5-year overall
survival rate of children with HB had reached 75%, and the 5-year EFS had also reached about 65-70%. In
this paper, HB was investigated for infants under 1 year old (median age 8.40 months). The median
follow-up time was 58 months. The results showed that the 5-year overall survival rate was 80.1% and the
event-free survival rate was 77.5%, both of which were higher than those reported in the literature,
suggesting that infants with HB had a relatively good prognosis. Angela Trobaugh-Lotrario and Beate
Haeberle [5-6] also believed that infant and congenital hepatoblastomas would appear to confer a better
prognosis.
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Some scholars had studied children with HB found in pregnancy and diagnosed after birth, and found
that children with low birth weight, especially those with a weight less than 1000g, were more likely to
develop HB in the future [13]. Other studies had shown that factors such as advanced maternal age,
hypertension during pregnancy, excessive weight, excessive amniotic �uid, and a history of smoking all
increased the incidence of HB [14-15]. The three patients with HB found during pregnancy in this study
were all low birth weight infants, and there were risk factors such as advanced maternal age, maternal
hypertension and smoking history, which were consistent with the views of foreign scholars. In this data,
6 IVF infants were also diagnosed with HB in infancy, and 3 of them were fraternal twins. Although there
are no studies to prove that IVF, twin or multiple pregnancy may increase the prevalence of HB, it is
important to note that the pregnant state is easy to cause fetal hydramnios and increase the risk of
pregnancy complications, these factors could increase the test-tube baby and multiple birth’s probability
of developing HB.

Studies [16] had shown that peripheral platelet count may increase when patients getting infected ,having
malignant tumors or some chronic diseases. More than half (56.8%) of the cases in this data have
elevated platelets. However, through risk factor analysis, whether the platelets will increase is not
signi�cantly related to the prognosis of infant HB, it is not consistent with the report above, and this may
because the cases are very few. AFP is a special protein in the blood produced by the liver. At present,
domestic and foreign experts had reached a consensus that AFP was an important tumor marker of HB.
Not only the level of its initial diagnosis was important for prognosis judgment, but also it was always an
important indicator for observation of therapeutic effects in the treatment process. Zhao had suggested
that low levels of AFP at the initial diagnosis were indicators of poor prognosis [17]. Through the study of
11 patients diagnosed as SCU by pathology , Angela Trobaugh-Lotrario[18] found all patients with reported
AFP results exhibited normal or minimally increased levels (AFP 100ng/ml), and had rhabdoid features
evaluated by cytogenetic, molecular, and immunohistochemical methods. But None of them survived in
the end. The results of this study showed that the AFP of infant HB was mostly high at the initial
diagnosis, and the prognosis was relatively good; while the prognosis of cases with AFP <100ng/ml was
poor, consistent with relevant foreign reports. Such children often had poor tissue differentiation, were not
sensitive to chemotherapy, and were prone to relapse. All of these led to a shorter survival period. It
should be noted that some normal full-term newborns may also have increased AFP, which needs to be
distinguished from HB in the neonatal period, but the former falls to the normal range more than 2-3
months after birth. hCG is secreted and synthesized by the trophoblast cells of the placenta, and can
stimulate the testes of the fetus to secrete testosterone to promote male differentiation [19]. In rare cases,
HB tumor cells can secrete hCG, which leads to precocious puberty and is more common in boys. Malati
T [20] believed that increased secretion of hCG was not a common phenomenon of HB, and its level had
no clear relationship with the prognosis of HB, and the occurrence of precocious puberty was rare. At
present, domestic and international reports of precocious puberty caused by hCG are mainly based on
case reports. The case of HB in our center with premature puberty caused by elevated hCG was a boy.
After comprehensive treatment, the hCG progressively decreased, suggesting that the level of hCG might
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become another important biological marker of HB after AFP. However, a large sample of clinical data is
needed for subsequent research and veri�cation.

Marcio Malogolowkin [21] concluded that children with pure fetal histology had a good prognosis, and
even could achieve long-term survival without additional chemotherapy if the tumor could be completely
removed. Another research[18] suggested that SCU histology could confer apparent disadvantage on
patients ,because some SCU HB cases might actually represent a form of rhabdoid tumors. According to
the distribution of pathological tissues in this study, epithelial type was dominant in infant HB, and the
fetal type with good prognosis was the most in the epithelial type, which was consistent with the
literature reports. Although the �nal statistical results of this study did not support the correlation
between pathological classi�cations and prognosis (P> 0.05), 2 children with small cell undifferentiated
type all died �nally in this group of data. According to a retrospective study, SIOPEL believes that the
PRETEXT stage can predict the resectability of the tumor to a certain extent [22], which is important for the
prognosis either. Because the complete resection of liver tumors is the key to treatment for HB children.
The data in this group showed that the EFS of patients with PRETEXT stage IV was signi�cantly lower
than that of children with other stages. It also con�rmed that PRETEXT stage was signi�cantly related to
prognosis.

Infant HB can have systemic metastasis early in the course of the disease. Like older HB children, the
lung is the most common metastatic site, mostly from blood transfer, and it is likely to occur in the lung
margin or terminal vascular supply area [23], and nodular shadow of extrapulmonary zone can be seen in
imaging. In the 45 cases of distant metastasis in this study, 86.7% had lung metastasis, which is
consistent with literature reports. Other metastatic sites can also be found in brain, bone, etc. It is worth
mentioning that there was one case of HB with right atrial tumor thrombus in this data. It is very di�cult
for the tumor cells to form a tumor thrombus in heart blood vessels where blood �ows very fast, so this
was a rare case in China. Unfortunately, despite receiving active treatment, the patient eventually died of
ventricular �brillation due to the shedding of atrial tumor thrombus. Because much more blood �ows in
the liver, HB is prone to intrahepatic metastasis, forming multiple liver lesions and venous tumor
thrombus. If it is not clear, it is prone to tumor recurrence and distant dissemination[16]. The results of this
study showed that the prognoses of HB with distant metastases and multiple liver lesions were relatively
poor, which were consistent with literature reports [24].

Infant HB is sensitive to chemotherapy [25]. Although multidisciplinary treatments such as surgery,
interventional therapy, targeted therapy and immunotherapy are gradually developed, surgical resection
combined with chemotherapy is still the main treatment option. Preoperative chemotherapy can
effectively shrink the tumor to create an opportunity for complete surgery to remove the tumor.
Postoperative consolidation chemotherapy can effectively prevent the recurrence of residual tumor and
improve the cure rate. The patients in this group mainly used chemotherapy combined with surgical
treatment. Individualized chemotherapy was adopted for high-risk cases of recurrence, distant
metastasis, tumor thrombus invasion and refractory, and achieved good clinical e�cacy. According to the
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WHO classi�cation criteria for toxicity of chemotherapy, the systemic toxic and side effects of
chemotherapy for infants with HB in this data are mainly concentrated in grade II, and the proportion of
grade IV is not high. This may be related to the body's strong metabolism regeneration ability, and good
tolerance to chemotherapy drugs in infant. It can also be seen that the chemotherapy regimen in this
study is safe. However, because infants are young, the organs are imperfectly developed, and
chemotherapy drugs can cause organ damage (especially platinum drugs can cause liver and kidney
function and hearing damage, anthracycline drugs can cause heart damage) and even the risk of
secondary tumors, it is necessary to regularly evaluate organ functions to ensure the safety of
medication. Studies had shown that autologous peripheral blood stem cell transplantation (APBSCT)
might improve the outcome of advanced HB[26]. Our center had treated APBSCT for a 3-year-old HB
patient, which had signi�cantly prolonged the survival time of the child, but it had not yet been carried out
in infant HB. I look forward to the next treatment in infant HB. In recent years, liver transplantation had
been successful in treating unresectable or PRETEXT IV HB children, and there were reports in the
literature that its 5-year survival rate was close to 85% [27]. In this study, 1 infantile child with HB who had
multiple intrahepatic tumor foci was still not effective after conventional surgery, chemotherapy and
arterial embolization. Living liver transplantation was performed at the age of 8 months and was
successful. After transplantation, the patient underwent consolidation chemotherapy for 2 cycles. Regular
reexamination of AFP and imaging showed CR after that.

Conclusions
Infant HB has its corresponding characteristics. Through comprehensive treatment methods such as
chemotherapy and surgery, infant HB has a relatively good prognosis, but it is still susceptible to multiple
factors such as AFP level, PRETEXT stage, whether there are distant metastasis and multiple intrahepatic
lesions. At the same time, this study is only for the diagnosis and treatment data collected by the single
center of Beijing Tongren Hospitall,Capital Medical University, and the number of cases is still small. More
clinical data and multi-center joint research will be collected in the future, so as to provide clinical
reference for the multidisciplinary treatment of HB.
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