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Abstract 

 

Background: Pediatric hepatic cancer is a rare malignancy, comprising only 2% of all cancers 

diagnosed in children <15 years. We sought to describe trends in pediatric hepatic cancer 

incidence and survival in Ontario Canada, the US, and Australia. Methods: Children <15 years 

diagnosed with hepatic cancer from 1985-2013 were ascertained through population-based 

registries and followed from diagnosis until December 31, 2015. Age-standardized incidence 

and 5-year relative survival were calculated for each jurisdiction. Multivariable flexible 

parametric survival models were used to explore predictors of hepatic cancer mortality. 

Results: A total of 794 children were identified in Ontario (n=148), the US (n=400), and 

Australia (n=246). Average annual incidence increased by 2.2% (95%CI: 0.5%, 4.0%) in Australia, 

2.1% (95%CI: 0.9%, 3.3%) in the US, and 1.3% (95%CI: -0.4%, 3.0%) in Ontario. Five-year relative 

survival improved from 60% to 82% (p=0.08) in Ontario and 62% to 78% (p=0.02) in the US 

between diagnostic periods 1985-1994 and 2005-2013, while in Australia it remained constant 

(between 74% and 77%) during the study period. In multivariable analysis there was no 

significant difference in the hazard of death between jurisdictions (p=0.06). Older age, 

metastatic disease, and being diagnosed with hepatocellular carcinoma were associated with 

mortality. Conclusions: The incidence of hepatic cancer in children appears to have increased 

over the last 30 years in Australia and North America. Survival differences between Australia, 

Ontario and the US observed in the 1980s and 1990s are no longer apparent and only marginal 

geographical differences in the hazard of mortality were observed.
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Introduction 

 

Primary hepatic cancer is rare in children, with a global incidence of 2.3 per million person-

years under the age of 15,1 comprising approximately 2% of all cancers diagnosed in this age 

group.2 Hepatoblastoma accounts for over two-thirds of hepatic cancers in children under 15 

years and over 90% of hepatic cancers in those under 5.3 Hepatoblastoma has been associated 

with premature birth and birth weight less than 1,500 grams and often occurs in the context of 

familial syndromes.4, 5 Hepatocellular carcinoma is more common over the age of 10 years and 

is associated with hepatitis B infection and a variety of congenital liver diseases involving 

fibrosis or cirrhosis.6, 7  

 

Childhood cancer survival overall has improved remarkably over the last three decades in high-

income countries including Canada, the United States (US), and Australia,8-11 due in large part to 

advances in targeted treatment protocols, improved supportive care, more timely diagnosis, 

and reduced treatment-related cytotoxicity.12-16 However, there are notable differences 

between high-income countries in survival for some cancer types.17, 18 

 

Given the rarity of pediatric hepatic cancer, it is difficult to determine if variations in incidence 

and survival rates reflect year-to-year random variation or are due to factors specific to 

geographic jurisdictions. This study was undertaken to investigate 30-year trends in pediatric 

hepatic cancer incidence and survival in Ontario Canada, the US, and Australia, including any 
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variations in these outcomes between these jurisdictions. A secondary objective was to explore 

patient characteristics at diagnosis associated with hepatic cancer mortality. 

 

Methods 

 

Patient Cohort 

Children aged 0-14 years and diagnosed with primary hepatic cancer between January 1, 1985 

and December 31, 2013 in Ontario, the US or Australia were eligible for the study. Primary 

hepatic cancer was defined according to the morphology and topography criteria documented 

in the 3rd edition of the International Classification of Childhood Cancer (ICCC-3), classified as 

diagnostic group VII.19 

 

Data Sources 

Patients were captured from population-based registries in each jurisdiction. The Pediatric 

Oncology Group of Ontario has collected prospective data on all children diagnosed with, and 

treated for, cancer at one of the five tertiary paediatric oncology centers in Ontario, Canada 

since 1985. These population-based data are actively collected, managed, and stored using the 

Pediatric Oncology Group of Ontario’s Networked Information System (POGONIS). POGONIS 

captures detailed information pertaining to the timing and definitive diagnosis of cancer, 

staging, and treatment information. The POGONIS registry captures 96% of all cancers 

diagnosed in children aged 0 to 14 years in Ontario.20 POGONIS is linked annually to the Ontario 

Cancer Registry allowing for mortality status to be updated. Data from the US were obtained 
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from the publicly available Surveillance, Epidemiology, and End Results 9 (US-SEER9) Program, 

which covers 9.4% of the total US population linking population-based registries to capture 

cancer incidence and survival within the country.21 The US-SEER9 registry was chosen in 

preference to later versions of SEER that cover a greater portion of the US population because 

it captures pediatric hepatic cancer diagnoses from 1985 onwards, allowing comparability in 

incidence and survival trends over 30 years with POGONIS and Australia. Under appropriate 

ethics and legislative approvals, the Australian Childhood Cancer Registry has collected 

demographic, diagnostic, stage and treatment information for every child under the age of 15 

diagnosed with cancer in Australia since 1983. Mortality status is updated by regular linkage 

with Australia’s National Death Index.  

 

At the time of the study, data for each registry was available to the end of 2015. This allowed 

for incident cases diagnosed during the period from 1985 to 2013 to be followed from their 

diagnosis date until the date of death, a subsequent malignant neoplasm diagnosis, or 

December 31, 2015, whichever occurred first. The study end date was chosen based on data 

availability at the time of analysis and to allow a minimum of 2 years of observation for children 

diagnosed in the last eligible diagnosis year. 

 

Covariates 

Demographic and clinical information was captured from each registry. Age at diagnosis was 

categorized into four groups (<1 year, 1-4 years, 5-9 years, and 10-14 years), and diagnostic era 
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into three periods (1985-1994, 1995-2004, and 2005-2013). Extent of disease at diagnosis was 

classified as localised/regional versus metastatic/distant.  

 

Statistical Analysis 

Descriptive statistics were used to describe population characteristics. Frequencies and 

proportions, and medians and interquartile ranges (IQR) were used to describe categorical and 

continuous variables, respectively. The incidence of hepatic cancer was calculated for each 

jurisdiction. Incidence rates were directly age-standardized to the 2000 World Standard 

Population and reported per million children per year. Estimated resident population data used 

as the denominator in incidence rate calculations were sourced from Statistics Canada,23  the 

Australian Bureau of Statistics,24 and US-SEER9 program. Trends for incidence counts and 

incidence rates were calculated over the entire study period (1985-2013) using joinpoint 

regression. Results were reported in terms of the annual percentage change. A maximum of 3 

joinpoints were specified with a minimum of 5 years between joinpoints. The model that 

provided the best fit to the observed data, based on Monte Carlo permutation tests,25 was 

selected.  

 

All-cause relative survival estimates were calculated using the cohort method approach.26 

Lifetables stratified by year, age, and sex were available from each jurisdictions’ statistics 

department over the observation window and used to calculate relative survival estimates.24, 27-

29 Survival time was censored at the end of the follow-up period or five years after diagnosis for 

patients who remained alive, whichever occurred first. Multivariable flexible parametric 
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survival models30 were applied to calculate adjusted excess mortality hazard ratios for a range 

of key characteristics, including jurisdiction, sex, age group, diagnostic era, cancer subtype and 

stage at presentation. Age groupings 5 to 9 and 10 to 14 years were combined due to small 

sample size restrictions for relative survival and hazard ratio estimates. Cases diagnosed via 

autopsy or death certificates were excluded from the survival analysis, as were those with 

missing data for any of the variables listed above.  

 

Research ethics approval was obtained from the University of Toronto, Ontario, Canada. 

Analyses were conducted using Stata/SE for Windows v14.2 (StataCorp, College Station, TX). All 

point estimates were reported along with corresponding 95% confidence intervals (95%CI). 

Statistical significance was considered as two-tailed p-values < 0.05. 

 

Results 

 

The population for analysis comprised 794 children. Demographic and clinical characteristics 

stratified by jurisdiction are provided in Table 1. Overall, 50% of all hepatic cancers were 

diagnosed in children between the ages of 1 and 4 years, with an additional 31% diagnosed in 

children under the age of 1 year. Hepatoblastoma (ICCC-3 subgroup VIIa) accounted for 85% of 

all hepatic cancers and hepatocellular carcinoma (ICCC-3 subgroup VIIb) for 14%, with the 

remaining 1% being unspecified malignant hepatic tumours (ICCC-3 subgroup VIIc). Over one 

quarter (27%) of children presented with metastatic hepatic cancer, with a similar percentage 

in each jurisdiction (Table 1). The proportions of children who had died by December 31, 2015 
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were 32%, 35%, and 29% in Ontario, the US, and Australia, respectively. Among children who 

died during the observation window, median survival time was 0.5 years (IQR, 0.2 – 1.5) in 

Ontario, 0.7 years (IQR, 0.3 – 1.5) for the US, and 0.9 years (IQR, 0.3 – 2.4) in Australia.  

 

Annual incidence rates adjusted for age are illustrated in Figure 1. The estimated annual 

percent change in hepatic cancer incidence rates from 1985 to 2013 was +1.3% (95%CI: -0.4%, 

3.0%) in Ontario, +2.1% (95%CI: 0.9%, 3.3%) in the US, and +2.2% (95%CI: 0.5%, 4.0%) in 

Australia. It is worth noting that in Ontario, the proportion of older children diagnosed (ages 5-

14) decreased from 32% between 1985-1994 to 14% between 2005-2013 (ptrend=0.04); 

otherwise, there were no significant changes in age at diagnosis, the proportion with metastatic 

presentation or the mix of diagnostic subgroups over time in any of the three jurisdictions 

(results not shown). 

 

Overall 5-year relative survival for children diagnosed between 1985 and 2013 was 70.1% 

(95%CI: 61.2% – 77.3%) in Ontario, 68.5% (95%CI: 63.4% – 73.0%) in the US, and 75.9% (95%CI: 

69.8% – 81.0%) in Australia (Table 2). Survival was highest (between 78% and 90%) for children 

diagnosed under the age of 1 year in each jurisdiction, this is in contrast to relative survival 

being under 50% for children diagnosed between the ages of 5 and 14 years. Children who 

presented with metastatic hepatic cancer had 5-year relative survival of 42.2% (95%CI: 26.5% – 

57.1%), 44.9% (95%CI: 35.0% – 54.4%), and 56.8% (95%CI: 43.8% – 67.8%) in Ontario, the US, 

and Australia, respectively. Hepatoblastoma survival (ranging from 73% to 82%) was higher 

than that for hepatocellular carcinoma (ranging from 31% to 46%). 
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Trends over time in relative 5-year survival varied between jurisdictions (Figure 2). In the 

earliest diagnostic period (1985-1994), survival was notably higher in Australia than in the other 

two jurisdictions; 75% (95%CI: 61% – 85%) compared to 60% (95%CI: 43% – 73%) in Ontario and 

62% (95%CI: 51% – 71%) in the US. In the most recent period (2005-2013), survival had 

significantly improved to 78% (95%CI: 70% – 84%; p=0.02) in the US, with some evidence of an 

improvement to 82% (95%CI: 66% – 91%; p=0.08) for Ontario. Australia 5-year survival 

estimates remained fairly constant between 74% and 77% during the follow-up period (p=0.83).  

 

After adjusting for covariates, there was limited evidence of differences in mortality between 

the jurisdictions (p=0.06; Table 3). Diagnosis period was, however, associated with childhood 

hepatic cancer survival (p=0.005). Children diagnosed from 1985-1994 and 1995-2004 were, 

respectively, 79% (HR = 1.79; 95%CI: 1.25 – 2.55) and 48% (HR = 1.48; 95%CI: 1.06 – 2.07) more 

likely to die within 5 years of diagnosis when compared to children diagnosed in the most 

recent period (2005-2013). A diagnosis of hepatocellular carcinoma was associated with 94% 

(HR = 1.94; 95%CI 1.25 – 3.01) excess mortality compared to children with hepatoblastoma. 

Older age at diagnosis (p=0.04) and hepatic cancer that was metastatic at presentation 

(HR=3.14; 95%CI: 2.37 – 4.16) also increased the risk of death within five years of diagnosis. Sex 

was not associated with excess mortality after multivariable adjustment. 

 

Discussion 

 



10 
 

In this international retrospective population-based study of Ontario, the US and Australia, 

pediatric hepatic cancer incidence and survival trends varied over time and between 

jurisdictions. The average annual incidence of hepatic cancer increased significantly by over 2% 

in Australia and the US between 1985 and 2013, with Ontario having a smaller and statistically 

non-significant annual increase of 1.3%. Liver cancer continues to remain a global burden with 

incidence rates increasing across all ages.31, 32 Results from the current study confirm 

observations from other epidemiological studies noting the increasing incidence of hepatic 

cancers in children.33-36  

 

Age-adjusted 5-year relative survival for pediatric hepatic cancer over the whole study period 

ranged from 69% (US) to 76% (Australia). Five-year relative survival for hepatic cancer improved 

during the three decades of the study’s observation window in both Ontario and the US to a 

similar level to that observed in Australia throughout the whole study period. Survival 

improvements observed in Ontario and the US are likely attributable to improved therapy and 

supportive care, combined with a trend towards a younger cohort of patients in Ontario in 

recent years. Given that all three jurisdictions share membership in international cooperative 

treatment groups that follow the same treatment protocols, it is unclear why survival rates 

were so much higher in Australia in the earliest time-period and have remained relatively 

constant since. Future studies will need to collect additional detailed prognostic information in 

order to assess the differences noted in survival between jurisdictions over time. 
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Survival estimates observed in this study for the most recent diagnosis period for 

hepatoblastoma and hepatocellular carcinoma align with published estimates.37, 38 

Hepatoblastoma was observed to have much higher 5-year survival than hepatocellular 

carcinoma throughout the study duration. Hepatoblastoma is treated with surgical resection 

and chemotherapy, with the majority of tumors responsive to chemotherapy interventions, and 

has a current estimated 5-year overall survival >80% in children.5, 38 Hepatocellular carcinoma is 

not as susceptible to chemotherapy, and up to 80% of pediatric hepatocellular carcinomas are 

unresectable due to large and multiple lesions at the time of diagnosis.37 Overall 5-year survival 

for surgical resectable non-metastatic hepatocellular carcinoma is 70-80%; however, children 

with inoperable malignancies have <20% survival.37 It is plausible that the poor 5-year relative 

survival of <50% for hepatocellular carcinoma observed in this study is due to children 

presenting with more aggressive cancers which were inoperable and unresponsive to 

treatment. 

 

Numerous patient and clinical characteristics were associated with pediatric hepatic cancer 

mortality. After multivariable adjustment, only minor differences were observed in the hazard 

of death between Ontario, the US and Australia over the entire study period, particularly during 

the most recent time period. The near similarity in adjusted mortality between Ontario, the US 

and Australia after regression modeling suggests consistency and equipoise in hepatic cancer 

management, treatment, and therapeutic success for children in each jurisdiction. Patient’s sex 

was not associated with an excess hazard of death, consistent with previous published 

findings.38 Age was a predictor of survival, with children aged 5 to 14 years experiencing the 
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greatest hazard of death. Children diagnosed at a younger age tend to have better survival than 

older children for both hepatoblastoma and hepatocellular carcinoma.38-40 Prognosis for 

hepatocellular carcinoma is unfavourable.5 Unsurprisingly, hepatocellular carcinoma was 

associated with double the risk of mortality when compared to hepatoblastoma after adjusting 

for presenting clinical and patient characteristics in the current study. 

 

This study’s strength is in its utilization of long-standing, high quality population-based cancer 

registries, providing an unbiased picture of all cases of pediatric hepatic cancer diagnosed over 

the last 30 years in the populations of Ontario, the US, and Australia. However, the limitations 

in the generalizability of the datasets used in this study must be considered. SEER9 accounts for 

only approximately 10% of the total US population and POGONIS covers the entire population 

of the province of Ontario, Canada (approximately 38% of the Canadian population). 

Additionally, data availability in the population-based data in Australia and Ontario precluded 

the inclusion of more recent years of data. The analysis was limited to those data items that are 

collected by all three registries, and therefore did not include some factors known to be 

associated with hepatic cancer incidence and/or survival, including ethnicity and hepatitis B or 

hepatitis C infection status. We are therefore unable to comment on the extent to which these 

and other prognostic factors may account for the observed trends. Disparities in hepatic cancer 

survival have been well documented across ethnic groups34, 41 and chronic hepatitis infection is 

known to be associated with primary liver cancer.42 
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In summary, childhood hepatic cancer incidence has risen over the last three decades in 

Ontario, the US and Australia. Survival has increased in parallel for Ontario and the US to a 

similar level observed in Australia over the whole period. It will be important to continue to 

utilize data collected by population-based cancer registries to monitor the apparent increasing 

incidence of hepatic cancer in children, and any future variations in survival at a population 

level between jurisdictions, to support research into possible reasons for these trends.  
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Table 1. Population characteristics of children diagnosed with hepatic cancer between 1985 and 

2013 

 

Table 2. Five-year relative survival by jurisdiction and selected characteristics for childhood 

hepatic cancer patients 

 

Table 3. Adjusted excess hazard ratios by jurisdiction and selected characteristics for childhood 

hepatic cancer patients

Table 1. Population characteristics of children diagnosed with hepatic cancer between 1985 

and 2013 

    Total   Ontario   US (SEER)   Australia 
Characteristic n %   n %   n %   n % 

             
Total 794 100  148 100.0  400 100.0  246 100.0 
Age at primary diagnosis (years)            

 Median (IQR)  1 (0-3)  1 (0-3.5)  1 (0-3)  1 (0-3) 

 <1 244 30.7  43 29.1  118 29.5  83 33.7 

 1-4 396 49.9  72 48.6  207 51.8  117 47.6 

 5-9 72 9.1  18 12.2  36 9.0  18 7.3 

 10-14 82 10.3  15 10.1  39 9.8  28 11.4 
Sex            

 Female 315 39.7  50 33.8  164 41.0  101 41.1 

 Male 479 60.3  98 66.2  236 59.0  145 58.9 
Diagnosis period            

 1985-1994 197 24.8  44 29.7  100 25.0  53 21.5 

 1995-2004 296 37.3  53 35.8  147 36.8  96 39.0 

 2005-2013 301 37.9  51 34.5  153 38.3  97 39.4 
Diagnostic subgroup            

 Hepatoblastoma 671 84.5  126 85.1  334 83.5  211 85.8 

 Hepatocellular carcinoma 111 14.0  17 11.5  61 15.2  33 13.4 
 Other 12 1.5  5 3.4  5 1.3  2 0.8 

Stage            
 Localized/Regional 537 67.6  94 63.5  271 67.8  172 69.9 
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 Metastatic/Distant 211 26.6  38 25.7  104 26.0  69 28.0 

 Unknown/not available 46 5.8  16 10.8  25 6.3  5 2.0 
Vital Status (at December 31, 2015)            

 Dead 257 32.4  47 31.8  139 34.8  71 28.9 

 Alive 537 67.6  101 68.2  261 65.3  175 71.1 
Time to death after diagnosis            

 Before 6 months 94 37.3  23 48.9  49 36.6  22 31.0 

 6 months to < 1 year 54 21.4  8 17.0  28 20.9  18 25.4 

 1 to < 2 years 55 21.8  8 17.0  37 27.6  10 14.1 

 2 to < 5 years 34 13.5  6 12.8    14 10.5  14 19.7 

 5+ years 15 6.0  2 4.3  6 4.5  7 9.9 
IQR, interquartile range  
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Table 2. Five-year relative survival by jurisdiction and selected characteristics for childhood hepatic cancer patients 

    Ontario US (SEER) Australia 

Characteristic n 

Five-year 
relative survival 

(95% CI) n 

Five-year 
relative survival 

(95% CI) n 

Five-year 
relative survival 

(95% CI) 
Total 127 70.1 (61.2-77.3) 365 68.5 (63.4-73.0) 234 75.9 (69.8-81.0) 
Sex       
 Female 41 63.5 (46.8-76.2) 148 74.4 (66.4-80.7) 93 78.5 (68.6-85.7) 
 Male 86 73.2 (62.4-81.4) 217 64.5 (57.7-70.5) 141 74.1 (65.9-80.7) 
Age group (years)       
 <1 35 77.7 (59.9-88.5) 105 80.7 (71.6-87.2) 74 90.0 (80.1-95.2) 
 1 to 4 64 76.5 (64.0-85.1) 190 71.0 (64.0-76.9) 114 77.5 (68.5-84.3) 
 5 to 14 28 45.8 (26.8-63.0) 70 43.5 (31.5-54.8) 46 49.4 (34.2-63.0) 
Diagnosis period       
 1985 - 1994 42 59.7 (43.4-72.8) 88 61.7 (50.6-71.0) 51 74.8 (60.5-84.7) 
 1995 - 2004 46 69.7 (54.2-80.9) 135 63.2 (54.4-70.7) 92 77.4 (67.4-84.7) 
 2005 - 2013 39 82.0 (65.7-91.1) 142 78.0 (70.1-84.0) 91 74.2 (63.2-82.3) 
Stage       
 Localized/Regional 89 82.0 (72.2-88.7) 265 77.5 (71.9-82.1) 169 83.4 (76.7-88.3) 
 Metastatic/Distant 38 42.2 (26.5-57.1) 100 44.9 (35.0-54.4) 65 56.8 (43.8-67.8) 
Diagnostic subgroup       
 Hepatoblastoma 111 75.8 (66.6-82.8) 309 72.6 (67.2-77.2) 201 82.0 (75.9-86.8) 
 Hepatocellular carcinoma 16 31.3 (11.4-53.7) 56 46.0 (32.5-58.5) 33 38.9 (22.4-55.0) 
Note:  
- Follow-up was censored at December 31, 2015 except for some cases from US (SEER) that censored at date of last known 
follow-up. 
- Excludes patients that were not either classified as hepatoblastoma or hepatocellular carcinoma and those with unknown 
stage at diagnosis or who were diagnosed on the basis of death certificate or autopsy only 
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Table 3. Adjusted excess hazard ratios by jurisdiction and selected characteristics for 

childhood hepatic cancer patients 

Characteristic n 
Hazard Ratio  

(95% CI) P value 

Jurisdiction   P=0.06 
 Australia 234 Ref  

 Ontario 127 1.36 (0.90-2.07)  

 US (SEER) 365 1.47 (1.07-2.02)  

Sex   P=0.12 
 Female 282 Ref  

 Male 444 1.26 (0.94-1.68)  

Age group (years)   P=0.04 

 <1 214 Ref  

 1 to 4 368 1.23 (0.83-1.81)  

 5 to 14 144 1.91 (1.16-3.15)  

Diagnosis period   P=0.005 

 1985 - 1994 181 1.79 (1.25-2.55)  

 1995 - 2004 273 1.48 (1.06-2.07)  

 2005 - 2013 272 Ref  

Stage   P<0.001 

 Localized/Regional 523 Ref  

 Metastatic/Distant 203 3.14 (2.37-4.16)  

Diagnostic subgroup   P=0.003 

 Hepatoblastoma 621 Ref  

 Hepatocellular carcinoma 105 1.94 (1.25-3.01)  
Note:  
- Follow-up was censored at December 31, 2015 except for some cases from 
US (SEER) that censored at date of last known follow-up. 
- Excludes patients with unknown stage at diagnosis or who were diagnosed 
on the basis of death certificate or autopsy only. 

 
 

Figures Legend 

 

Figure 1. Incidence rate trends for childhood hepatic cancer by jurisdiction from 1985 to 2013.  
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Figure 2. Relative survival of hepatic cancer by diagnostic period and jurisdiction. 
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