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Background: This study aimed to investigate the critical factors associated with prognosis for children with 
hepatoblastoma (HB) in mainland China combined with the aspect of health economics and management.
Methods: This study retrospectively reviewed children with HB in Renji Hospital Affiliated to the 
Shanghai Jiao Tong University School of Medicine from January 2013 to December 2019. Descriptive 
analysis was used to describe the essential characteristics. Kaplan-Meier method and Cox proportional 
hazard models were used to estimate the survival rate and prognosis factors.
Results: For the 87 children with HB, the average survival was 2,002.8 days (95% CI: 1,798.7–2,206.9 days),  
the 1- and 5-year survival rates were 87.7% and 78.9%, respectively. Undergoing surgery and sex were 
independent prognostic factors of childhood HB. Children with HB undergoing hepatectomy (HR: 0.039) 
or liver transplantation (HR: 0.142) had a better prognosis, while boys were associated with a poorer 
prognosis (HR: 3.614). The average medical expenses for childhood HB were 40,217.5±3,862.0 CNY and 
liver transplantation cost more than hepatectomy. 
Conclusions: The results had a comparable survival rate with other studies globally. Surgical therapy and 
sex are associated with the prognosis of children with HB. The economic burden of childhood HB deserves 
to be further explored.
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Introduction

Primary liver cancer is a rare disease in children globally, 
accounting for 1–2% of all pediatric cancers (1-3). The 
most common primary liver cancer is hepatoblastoma (HB), 
which makes up approximately 50–80% (3-10), and with 
a much higher proportion (91%) among children under  
5 years old (8,11,12).

The incidence rate of pediatric HB varies in different 
countries and regions and is more common in infants (4).  
The incidence rate of HB in the United States (4), in 
Europe (13), and South Africa (14) was 0.8–1.5, 1.2, and 
0.61 per million children, respectively. For survival, the 
survival rate of HB has passed 70% (15-17). A study in 
the US showed the 1-, 5-, and 10-year survival for HB 
was 81.5%, 71.6%, and 69%, respectively (18). Another 
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study in Europe found that the 5-year survival rate for HB 
was 66% (13). It was higher for patients undergoing liver 
transplant or resection. The 1-, 5-, and 10-year survival 
rate for HB was 93%, 82%, and 82%, respectively (19). 

However, compared with studies in epidemiology, 
primary, and clinical medicine globally, there are only a few 
studies in China, especially in mainland China. A multi-
center study on 153 HB children reported that the 6-year 
survival rate was 83.3%±3.1% (15). However, results of 
single-center studies varied. A study in Shanghai on 104 
children with HB reported the 5-year survival rate of 
86.3±5.0% (20). A study in Beijing on 176 children with 
HB reported that the 5-year survival rate was 54.6% (21).  
Another study in Beijing on 102 children with HB found 
that advanced HB was associated with a low survival 
rate, from 75.0% in stage II to 20.2% in stage IV (22). 
In addition, studies in Hong Kong and Taiwan always 
concentrated on the comparisons between HB and 
hepatocellular carcinoma (23,24).

Therefore, considering the scarcity of studies in 
China, this study aimed to describe the epidemiological 
characteristics and analyze the influencing factors of survival 
among children with HB in mainland China, which would 
provide some evidence for the improvement of prognosis 
for children with HB. We present the following article in 
accordance with the STROBE reporting checklist (available 
at http://dx.doi.org/10.21037/gs-20-710).

Methods

Inclusion and exclusion criteria

This study retrospectively reviewed 115 children with HB 
treated in Renji Hospital Affiliated to the Shanghai Jiao 
Tong University School of Medicine, Shanghai, China, 
from January 2013 to December 2019. However, 87 patients 
were enrolled in this study. The enrollment criteria in this 
study were: (I) patients should be younger than 18 years old; 
(II) patients should be dragonized as HB; (III) patients or 
their parents should participate in this study. The exclusion 
criteria were: (I) patients or their parents refused to be 
followed up; (II) patients did not accept any treatment. 

The Ethics Committee approved the study protocol of 
the Shanghai Jiao Tong University School of Medicine. The 
written informed consent of all enrolled patients or their 
parents was obtained. Patient anonymity was guaranteed to 
be preserved. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013). 

Diagnosis and treatment

The diagnosis was on clinical manifestations, laboratory 
examinations, and pathological examinations. Patients 
were treated with hepatectomy, liver transplantation, or 
without surgery on their conditions. Most of the patients 
not undergoing surgery were hospitalized for biopsy and 
clinical evaluations and did not experience further surgical 
treatment. 

Follow-up

The last follow-up date was December 31, 2019. Follow-ups 
were conducted after patients discharged from the hospital. 
Overall survival (OS) was estimated as time (in days) from 
diagnosis to death of any cause. Patients not experiencing 
an event were censored from the last contact. 

Statistical analysis

Two researchers entered all the data simultaneously. 
Data collection and analysis were performed using SPSS 
18.0 (Statistical Package for the Social Science, SPSS 
Inc., Chicago, IL, USA). Descriptive analysis was used 
to describe the demographic and disease characteristics. 
Then, the continuous variables were described as mean ± 
SEM. Categorical variables are described by number and 
percentage. Survival time, survival rates, and survival curves 
were estimated by the Kaplan-Meier method. A log-rank 
test was used in the univariate analysis. Variables statistically 
significant in the univariate analysis, and variables with 
professional meanings on previous publications, were 
included in the Cox proportional hazards model. All tests 
were two-way, and P<0.05 was considered statistically 
significant.

Results

Patients’ characteristics

Eighty-seven children were recruited into this study from 
Shanghai Renji Hospital. The primary characteristics of the 
patients were summarized in Table 1. The sex distribution 
was 1:1.23 (M:F). The average age at diagnosis was  
3.0±0.3 years old (range, 0.0 to 12.0 years old), of which 
the majority (81.6%) were under 5 years old. More than 
half (64.4%) of patients underwent hepatectomy, 19.5% 
had liver transplantation, and 16.1% did not experience any 
surgery. Most patients (88.5%) underwent chemotherapy 
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Table 1 Demographic and clinical characteristics (N=87)

Characteristic
No. of 

patients/mean
%/SEM

Sex

Male 39 44.8

Female 48 55.2

Age at diagnosis 3.0 0.3

≤5 years old 71 81.6

>5 years old 16 18.4

Surgery

Hepatectomy 56 64.4

Liver transplantation 17 19.5

No surgery 14 16.1

Preoperative chemotherapy

Yes 77 88.5

No 10 11.5

Postoperative chemotherapy

Yes 72 82.8

No 15 17.2

Length of stay (days) 16.3 1.1

0–3 5 5.7

4–7 9 10.3

8–10 13 14.9

11–15 23 26.4

≥16 37 42.5

Presenting sign

Abdominal distension/abdominal mass 32 36.8

Increased abdominal circumference 12 13.8

Abdominal pain and discomfort 7 8.0

Fever/recurrent fever 8 9.2

Asymptomatic medical examination 15 17.2

Loss of appetite/nausea and vomiting 5 5.7

Abnormal urine 3 3.4

Yellow staining of skin sclera 2 2.3

Cough 1 1.1

Abdominal pain after trauma 2 2.3

Others 12 13.8

Medical expenses (CNY†) 40,217.5 3,862.0
†CNY: Chinese Yuan (currency unit).

before surgery, including those without surgery, while fewer 
patients (82.8%) underwent chemotherapy after surgery. 
The average lengths of stay were 16.3±1.1 days (range, 1 to 
55 days), and a half (42.5%) stayed in the hospital at least 
16 days. The most frequent presenting sign was abdominal 
distension or abdominal mass (36.8%). The average medical 
expenses were 40,217.5±3,862.0 CNY (Chinese Yuan; 
~US$5,745.4±US$551.7).

Survival descriptions of different subgroups

For all 87 patients, the overall average survival was  
2,002.8 days (95% CI: 1,798.7–2,206.9 days), the 1-year 
OS and the 5-year OS were 87.7% and 78.9%, respectively 
(Table 2 and Figure 1A). Descriptive survival statistics 
and Kaplan-Meier curves showed that surgery and 
chemotherapy after surgery had prognostic significance. 
The 1-year OS rates of boys and girls were 86.5% and 
88.7% (P=0.485), respectively; the 5-year OS rates were 
67.3% and 85.6%, respectively (Table 2 and Figure 1B). The 
1-year OS for patients under 5 years old was 86.5% and 
92.9% in patients over 5 years old (Table 2 and Figure 1C, 
P=0.852). Undergoing hepatectomy was associated with an 
increasing average survival from 753.1 to 2,248.9 days and a 
1-year OS rate from 42.9% to 95.7%; liver transplantation 
was associated with an increasing 1-year OS rate from 
42.9% to 90.0% (Table 2 and Figure 1D, P<0.0001). The 
1-year OS rate for patients with preoperative chemotherapy 
was 88.6%, and 80.0% for those without (Table 2 and  
Figure 1E, P=0.965). Patients having postoperative 
chemotherapy are associated with an increasing 1-year OS 
rate from 66.7% to 91.9% (Table 2 and Figure 1F, P=0.007). 
The 1-year OS rates for patients staying in hospital for 0–3, 
4–7, 8–10, 11–15, and ≥16 days were 60.0%, 64.8%, 92.3%, 
90.9%, and 93.3%, respectively (Table 2 and Figure 1G, 
P=0.100). The average survival rates, the 1- and 5-year OS, 
for patients with various presenting signs were shown in 
Table 2 and Figure 2 (all P values >0.05).

Cox proportional hazard analysis

Factors with statistical significance in the univariate analysis 
were included in the Cox proportional hazard model. 
Sex was chosen on existing studies (15). The multivariate 
analysis suggested that undergoing surgery and sex were 
independent prognostic factors of childhood HB (Table 3,  
P<0.05). Undergoing hepatectomy (HR: 0.039, Figure 3A)  
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Table 2 Descriptive survival statistics

Variable 
Average survival

1-year OS (%) 5-year OS (%)
Days 95% CI

Overall 2,002.8 1,798.7–2,206.9 87.7 78.9 

Sex

Male 1,523.9 1,275.0–1,772.8 86.5 67.3 

Female 2,085.8 1,846.0–2,325.7 88.7 85.6 

Age

≤5 years old 2,004.6 1,785.9–2,223.3 86.5 79.5 

>5 years old 1,047.7 804.9–1,290.4 92.9 –

Surgery

Hepatectomy 2,248.9 2,074.2–2,423.5 95.7 88.8 

Liver transplantation 744.1 584.7–903.4 90.0 –

No surgery 753.1 334.2–1,172.1 42.9 –

Preoperative chemotherapy

Yes 1,592.9 1,425.1–1,760.6 88.6 75.4 

No 1,932.3 1,343.9–2,520.7 80.0 –

Postoperative chemotherapy

Yes 1,501.1 1,377.8–1,624.5 91.9 –

No 1,529.5 969.8–2,089.3 66.7 58.3 

Length of stay (days)

0–3 1,017.8 313.3–1,722.3 60.0 –

4–7 533.1 290.7–775.5 64.8 –

8–10 1,924.8 1,625.1–2,224.6 92.3 –

11–15 2,095.4 1,771.1–2,419.6 90.9 80.8 

≥16 1,461.3 1,265.3–1,657.4 93.3 –

Presenting sign

Abdominal distension/abdominal mass (yes) 993.8 748.7–1,238.8 69.7 25.7

Increased abdominal circumference (yes) 928.7 468.4–1,388.9 78.8 27.0

Abdominal pain and discomfort (yes) 1,072.1 533.3–1,611.0 85.7 42.9

Fever/recurrent fever (yes) 563.7 295.8–831.5 75.0 –

Asymptomatic medical examination (yes) 817.3 487.5–1,147.1 83.9 8.4

Loss of appetite/nausea and vomiting (yes) 1,104.5 579.2–1,629.8 75.0 25.0

Abnormal urine (yes) 430.5 367.4–493.6 50.0 –

Yellow staining of skin sclera (yes) 1,075.0 189.1–1,960.9 50.0 –

Cough (yes) 1,615.0 – – –

Abdominal pain after trauma (yes) 1,038.0 528.0–1,548.0 50.0 –

Others (yes) 632.6 383.2–882.1 83.3 12.5

CI, confidence interval; OS, overall survival.
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Figure 1 Overall survival estimates. (A) The overall survival curve; (B) stratified by sex (P=0.485); (C) stratified by age (P=0.852); (D) 
stratified by surgery (P<0.0001); (E) stratified by preoperative chemotherapy (P=0.965); (F) stratified by postoperative chemotherapy 
(P=0.007); (G) stratified by length of stay (P=0.100).
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or liver transplantation (HR: 0.142, Figure 3A) was 
associated with a better prognosis, while boys were 
associated with a poorer prognosis (HR: 3.614, Figure 3B). 

Comparison of the medical expenses of different surgical 
approaches

Surgery could lead to a better prognosis, and patients 
with hepatectomy had better outcomes than those with 
liver transplantation. Therefore, it would be meaningful 
for parents and doctors to consider more about medical 
expenses when determining the treatment for children 

with HB because the economic burden was always an 
essential factor impeding the treatment effect. For patients 
undergoing hepatectomy, their average medical expenses 
were 30,167.1±1,575.0 CNY (~US$4,309.6±US$225.0); 
for those undergoing l iver transplantation,  their 
average medical expenses were 99,633.9±9,154.3 CNY 
(~US$14,233.4±US$1,307.8); for those not having surgery, 
their average medical expenses were 8,270.7±2,566.2 CNY 
(~US$1,181.5±US$366.6). Also, because the Levene test 
showed the uneven variance (P<0.0001), the Kruskal-Wallis 
H test was used to explore the difference between the 
medical expenses of the three groups. Statistics suggested 
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that the medical expenses of the three groups were 
statistically different (P<0.0001). The Mann-Whitney U 
test showed that the medical expenses between hepatectomy 
and liver transplantation (P<0.0001), hepatectomy, and no 
surgery (P<0.0001), liver transplantation, and no surgery 
(P<0.0001) were all statistically significant (Table 4).

Discussion

In the past four decades, the diagnosis and treatment of 
pediatric HB have developed a lot globally (25,26), which 
led to a clear increase in the survival rate of children 
with HB. Statistics in the 1980s showed that the 5-year 
survival rate for children with HB was 36% (27). However, 
combined with modern chemotherapy and surgical 
technologies (16,28,29), the 5-year survival rate in the 
United States from 1983 to 2005 was 76% (27), and in 
Spain, the 5-year survival rate from 1991 to 2009 was 
73.2% (30). Consistent with global trends, this study in 
China from 2013 to 2019 showed that the 5-year OS was 
78.9%, which was comparable with other single-center 
studies nationwide. A single-center study in 2014 in Beijing 
suggested that the 5-year OS was 66.7% (21). However, the 
5-year OS in another single-center study in Shanghai from 
2011 to 2017 was 86.3% (20). It was like the 5-year OS of 
77.7% from a Hong Kong study from 1996 to 2014 (31).

To explore the factors affecting the prognosis of 
childhood HB, the results suggested that undergoing 
surgery, including hepatectomy and liver transplantation, 
was associated with a better prognosis. Earlier studies have 
dug a lot in hepatectomy and liver transplantation. Surgical 
therapy plays a significant role in improving prognosis, 

Table 3 Cox proportional hazard analysis

Variable HR 95% CI P value

Surgery

Hepatectomy 0.039 0.009–0.162 <0.0001

Liver transplantation 0.142 0.028–0.716 0.018

No surgery ref ref ref

Sex

Male 3.614 1.075–12.152 0.038

Female ref ref ref

Postoperative 
chemotherapy

Yes – – 0.296

No ref ref ref

HR, hazard ratio; CI, confidence interval; ref, reference.
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Figure 3 The survival curve. (A) Stratified by surgery after controlling other factors; (B) stratified by sex after controlling other factors.

Table 4 Difference analysis of medical expenses in different surgical groups

Group Mean SEM
P value: Kruskal-Wallis 

H test

P value: Mann-Whitney U test

1 vs. 2 1 vs. 3 2 vs.3

Hepatectomy [1] 30,167.1 1,575.0 <0.0001 <0.0001

Liver transplantation [2] 99,633.9 9,154.3 <0.0001

No surgery [3] 8,270.7 2,566.2 <0.0001
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especially hepatectomy, combined with chemotherapy. 
Although over 60% of tumors appear unresectable at the 
beginning (16), approximately 40% can be resected after 
chemotherapy (32-34). For the left 20% of tumors, liver 
transplantation is the best solution (35), which provides 
a potential cure opportunity for children with advanced 
HB (36,37). Both surgery therapies improved the survival 
rate for children with HB in various stages. The results 
showed that the 1- and 5-year OS rates for children with 
hepatectomy were 95.7% and 88.8%, respectively, and 
the 1-year OS for children with liver transplantation was 
90.0%, which was following previous research. Several 
studies in the 1990s showed the long-term survival 
rates for children with hepatectomy varied from 63% to 
94% (38-41); another study from 1990 to 2013 in the 
Netherlands suggested children undergoing hepatectomy 
had the 5-year survival of 92% (42). For children 
undergoing liver transplantation, the 1-year survival rates 
in the United States varied from 79% to 92% (36,37,43); 
the survival rates in different countries ranged from 62.5% 
to 90% (37). Therefore, it was highly recommended 
that children with HB be treated by hepatectomy 
or liver transplantation. To further explore the two 
surgical therapies, their combination with chemotherapy 
contr ibuted s igni f icant ly  to  the improvement of  
survival (44). Preoperative chemotherapy can help more 
children be suitable for hepatectomy (4,37,45), and 
postoperative chemotherapy can dramatically improve 
the survival rate, whether for hepatectomy or liver 
transplantation (32,33). Although the results and some 
other studies suggested whether receiving chemotherapy 
before or after surgery did not show significant influence 
on prognosis (46,47), the reason could not be attributed to 
chemotherapy hastily, and routine chemotherapy should be 
conducted according to treatment guidelines (48,49). The 
guidelines also suggest that postoperative chemotherapy 
can completely or partially relieve intrahepatic metastasis 
and recurrence of hepatoblastoma caused by postoperative 
residual. The sample size should be expanded further to 
testify these effects.

Also, although international studies showed that male 
children were more sensitive to HB, there was no evidence 
verifying the influence of sex on survival (17,50). However, 
considering a Chinese study suggested that a male was an 
individual factor contributing to poorer prognosis (15), sex 
was included in the multivariate analysis even though it was 
not statistically significant in the univariate analysis. Like 
this previous publication in China, our study showed that 

sex was an influencing factor of prognosis, and boys had a 
poorer prognosis than girls. On this finding, it is necessary 
to explore further the relationship between sex and 
prognosis of childhood HB. The differences among various 
countries and regions should be further considered.

Almost no studies ever reported medical expenses 
of childhood HB. However, it should be noted that the 
economic burden is always a significant obstacle for patients 
to receive effective therapy (51), and there is no exception 
for children with HB (15). This study showed that the most 
expensive therapy was liver transplantation (99,633.9 CNY), 
followed by hepatectomy (40,217.5 CNY) and no surgery 
(8,270.7 CNY). Compared with the real GDP per capita 
of 70,892 CNY, the per capita disposable income for urban 
residents of 42,359 CNY, and the per capita disposable 
income for rural residents of 16,021 CNY in China in 
2019, it posed an economic burden for Chinese families 
with children suffering from HB. Therefore, it should be 
given severe considerations when accelerating the survival 
of children with HB. Further cost-effectiveness analysis on 
diagnosis and treatment is worth being done (52), which 
will provide more evidence for the government to invest 
more on child health and encourage children with HB to 
receive more effective therapies. 

Although a retrospective analysis is suitable for rare 
diseases with advantages of time- and cost-saving, there are 
some biases affecting the results, especially selection bias. To 
avoid Berkson bias as much as possible, this study includes 
all children with HB meeting the inclusion and exclusion 
criteria treated in Renji Hospital from 2013 to 2019. Their 
survival and death information are tried to be extracted 
from medical records to avoid McNeyman bias and non-
response bias. However, this retrospective study has several 
limitations. First, because of the accessibility of data, some 
traditional key clinical characteristics, histology, pathology, 
and staging were not included in this study, including AFP 
level at diagnosis, histopathology, PRETEXT stage, and 
metastasis. Second, this is a single-center study with small 
samples, and the representativeness is limited. Third, it is 
a short-term follow-up study, and many participants were 
censored because they are still alive at the last follow-
up. Fourth, considering the economic burden of different 
surgical therapies, only the average medical expenses were 
presented and compared rather than a more comprehensive 
analysis combined with health utilities. Fifth, considering 
the characteristics of a retrospective study that it is 
impossible to analyze the causal relationship, the imaging 
features and pathogenesis of HB was not explored in this 
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study. Therefore, further study, including more factors and 
participants from various institutions, needs to be designed 
into a prospective research to verify the results. And a cost-
effectiveness analysis should be considered in the next step.

Conclusions

In conclusion, this study showed that surgical therapy 
could bring a better prognosis, and girls had excellent 
opportunities for survival. Although some of these study 
findings have been reported previously, this study could 
provide some significant evidence nationwide, especially 
some conflicting factors and from the aspect of economic 
burden. 
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