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ABSTRACT

KEY WORDS

Background/Aims:  Our study aimed to assess 1) the temporal trends in incidence and mortality of liver cancer and 2) 
age-period-cohort effects on the incidence in Canada.
Methods:  We analyzed data obtained from the Canadian Cancer Registry Database and Canadian Vital Statistics Death 
Database. We first examined temporal trends by sex, age group, and birth cohort between 1972 and 2006. Three–year pe-
riod rates and annual percentage change (APC) were calculated to compare the changes over the study period. We used 
age-period-cohort modelling to estimate underlying effects on the observed trends in incidence. 
Results:  The overall age-adjusted incidence rates increased from 2.6 and 1.5 per 100 000 in 1972–74 to 6.5 (APC: 2.9) 
and 2.2 (APC: 1.2) per 100 000 in 2004–06 among males and females, respectively. The age-adjusted mortality rates 
increased from 3.3 and 2.0 per 100 000 in 1972–74 to 6.0 (APC: 2.3) and 2.6 (APC: 1.2) per 100 000 in 2004–06 among 
males and females, respectively. The incidence increased most rapidly in men aged 45–54 years (APC: 4.1) and women 
aged 65–74 years (APC: 1.7) over the period of study.  
Conclusions: The age-period-cohort analysis suggests that birth-cohort effect is underlying the increase in incidence. 
While the exact reason for the increased incidence of liver cancer remains unknown, reported increase in HBV and HCV 
infections, and immigration from high-risk regions of the world may be important factors. 
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Introduction

Liver cancer is the sixth most common cancer worldwide 
and the third most common cause of cancer mortality 
(1). Although the incidence of liver cancer is low in North 
America and Europe, it is one of the few with an increasing 
incidence (1-3). The overall incidence to mortality ratio 
is near 1 (4). Porgnosis is very poor, with a 5-year relative 
survival rate of only 18% among Canadians diagnosed 

between 2004 and 2006 (5). As a result, the proportion 
of liver cancer death in Canada has increased from 2.1% 
(ranked 14th) of all cancer deaths in 2000 to 2.6% (ranked 
9th) in 2007. Men are more vulnerable to developing liver 
cancer than women, with male to female ratios between 2:1 
and 4:1 (1,3,6). 

L i v e r  c a n c e r  h a s  s e v e r a l  s u b t y p e s ,  i n c l u d i n g 
hepatocellular carcinoma (HCC), cholangiocarcinoma, 
hepatoblastoma, and angiosarcoma. HCC accounts for 
between 85% and 90% of all liver cancers, while most of 
the remaining liver cancers are cholangiocarcinoma (6,7). 
Major risk factors for liver cancer include hepatitis B virus 
(HBV) and hepatitis C virus (HCV) infections and alcohol 
abuse, which together may be responsible for up to 90% of 
incident cases (6-8,9). 

In this study, we 1) analysed the temporal trends in 
incidence of and mortality due to liver cancer in Canada 
from 1972 to 2006; 2) examined the changes in incidence 
by age at diagnosis, time period and birth cohort; and 
used age-period-cohort modelling to assess the potential 
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underlying effects on the incidence.

Materials and Methods

We obtained incidence data f iles for 1972–91 from the 
National Cancer Incidence Reporting System (NCIRS) and 
for 1992–2006 from the Canadian Cancer Registry (CCR), 
and mortality data for 1972–2006 from the Canadian Vital 
Statistics Death Database. The Health Statistics Division 
of Statistics Canada maintains the data used in this study, 
and the databases are considered to be very accurate and 
reliable. (A detailed description of the registry, including 
data sources, methodology and accuracy, is available on 
the Statistics Canada website (10) and elsewhere (11).) A 
very small percentage of incidence cases and deaths were 
excluded due to their unknown age. A ll the incidence 
records were converted to codes used in International 
Classif ication of Diseases , Ninth Revision  (ICD–9) or 
International Classification of Diseases for Oncology, Third 
Edition (ICD–O–3) (12). To assess cause of mortality, we 
used codes from the International Statistical Classification of 
Diseases and Related Health Problems, Tenth Revision (ICD–
10) (13) for deaths since 2000. The mortality data included 
liver unspecified cases because the coding for liver cancer 
changed slightly (14-16). 

To examine the trends of liver cancer over the period 
of study, we used the codes ICD–9 155, ICD–O–3 C22 
and ICD–10 C22 for liver cancer. First, we contrasted the 
average 3–year age-adjusted incidence and mortality rates 
for the period 1972–74 with that for 2004–06 for men and 
women separately. We then compared the incidence and 
mortality rates for five specific age groups that is 35–44, 
45–54, 55– 64, 65–74 and 75–84 years. We evaluated 
secular trends in the incidence and mortality of liver cancer 
through linear regression models using logarithms of the 
annual rates for all ages as well as for the five age groups. 
Correspondingly, the annual percent changes (A PC) 
during the study period were derived from the regression 
coefficients of those models. All age-adjusted incidence 
and mortality rates were calculated using 1991 Canadian 
population serving as the standard. 

Analyses integrating age at diagnosis, time period of 
diagnosis and birth cohort were conducted separately for 
men and women. We grouped age at diagnosis into 5-year 
intervals (35–39 years to 80–84 years) and categorized the 
period of diagnosis into 5-year intervals from 1972 through 
2006 (1972–76 to 2002–06). Corresponding to these age 
intervals and time periods, 16 overlapping 10-year birth 
cohorts (1888–97 to 1963–72) were derived for the age-
period-cohort analysis of the incidence. We thus computed 
and plotted the age-specific incidence rates for all the 16 

birth cohorts. A Poisson regression model was used to 
estimate the age, period and cohort effects; the model 
assumes that the number of incident cases follows a Poisson 
distribution and that the incidence rates are a multiplicative 
function of the included model parameters, making the 
logarithm of the rates an additive function of the parameters 
(17-19). For example, the form of the age-period-cohort 
model was given by   

log(dij/pij) = μ + αi + βj + γk

where log (dij/pij) is the rate of interest with dij denoting 
the number of the cases in the ith age group and jth period 
and pij is the population at risk in the ith age group and jth 
period; αi is the effect of the ith age group; βj is the effect 
of jth period category; and γk is the effect of the kth cohort 
category (k = I – i + j when i = 1, 2,…, I). Inherent in the 
three-factor age-period-cohort model is the well-known 
non-identifiability problem: parameters for age, period and 
cohort can not be uniquely estimated because of the exact 
linear dependence of the regression variables (cohort = 
period − age) (20,21). Although there are several methods 
that can deal with the non-identifiability problem, there 
is no consensus in the literature as to which method is 
optimal. Hence, we selected two-factor models to calculate 
the relative risk as the log of regression coefficients by 
adjusting for the other factor. To test the effect of birth 
cohort and period of diagnosis individually after controlling 
for the effect of age, we compared respective two-factor 
models with the full model. 

Parameters of the models were estimated by means of 
the maximum likelihood method with SAS procedure 
GENMOD (release SAS Enterprise Guide 4, SAS Institute 
Inc.). The goodness-of-fit of models was evaluated using the 
deviance, defined to be twice the difference between the 
maximum achievable log likelihood and the log likelihood 
at the maximum likelihood estimates of the regression 
parameters. Specific effects (e.g., period effects) were tested 
by comparing the difference in deviance between models 
with and without a term for the effect.

Results

A total of 29 489 cases of liver cancer—19 859 (67.3%) in 
men and 9630 (32.7%) in women—were registered, and 
31 568 deaths from liver cancer were reported in Canada 
between 1972 and 2006. The mortality rate exceeded the 
incidence rate among females and also in some years among 
males. The annual age–adjusted incidence rate increased by 
145% for men (from 2.64 per 100 000 in 1972–74 to 6.46 
per 100 000 in 2004–06) and by 52% for women (from 1.46 
per 100 000 in 1972–74 to 2.22 per 100 000 in 2004–06). 
Mortality rates showed a similar increase, with the annual 
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age–adjusted rate increasing by 84% (from 3.28 per 100 000 
in 1972–74 to 6.02 per 100 000 in 2004–06) for men and 
29% (from 2.01 per 100 000 in 1972–74 to 2.59 per 100 000 
in 2004–06) for women. This trend appears more marked 
among men than women, especially since the early 1990s 
(Figure 1).

The increase in overall incidence rates of liver cancer 
among men was larger than that among women, with an 
APC of 2.9% and 1.2%, respectively. Among the respective 
age groups, men aged 45–54 years experienced the most 
rapid increase in incidence (APC: 4.1%), while women aged 
65–74 years had the highest increase (APC: 1.7%) (Table1). 
The increase in mortality among men was higher than that 
among women (APC: 2.3% vs. 1.2%). Men aged 75–84 years 
had the most rapid increase (APC: 2.8%). Women aged 35–
44 years of age had a statistically significant decrease (APC: 
−2.2%) over the study period, however (Table 2).

The age-specific incidence and mortality rates by birth 
cohort were plotted in Figure 2 and 3. The incidences 
i ncreased as t he bi r t h cohor t adva nced, w it h more 
substantial increases in later birth cohorts for both men and 
women (Figure 2a and b).  The highest mortality rates in 
aged 80–84 years among men, but a decreasing mortality 
rate in later birth cohorts in women were observed (Figure 
3a and b). The results of fitting age-period-cohort models 
to the data are summarized (Table 3). The birth cohort 
effect was statistically significant among men and women; 
the period effect was statistically significant among women 
only. Further, comparison of the age-period model with 
the full age-period-cohort model showed an improvement, 
suggesting that the birth-cohort effect was stronger than the 
period effect among both men and women. Therefore, we 
selected the age-cohort model to estimate the relative risk 

of developing liver cancer. With the incidence rate in birth 
cohort 1898–1907 used as the reference, risk of diagnosis 
with liver cancer increased in subsequent birth cohorts. 
For example, the probability of the birth cohort of 1953–
1962 being diagnosed with liver cancer was over five times 
as high for men and two times as high for women compared 
with the reference birth cohort of 1898–1907 (Table 4).

Discussion

Our data showed that the overall age-adjusted incidence and 
mortality rates of liver cancer have increased substantially 
since the early 1970s for both men and women in Canada. 
The increases were 145% among men and 52% among 
women for incidence of liver cancer, and 84% among men 
and 29% among women for mortality from liver cancer 
between 1972–74 and 2004–06. A limitation of the disease 
coding is that mortality data includes liver, unspecified 
cases (14-16). Our age-period-birth cohort modelling of 
the data suggests that birth-cohort effect might have played 
an important role in the increase in liver cancer incidence, 
although time-period effect could also be involved. Our 
results are largely consistent with the reports from Britain, 
Italy and the United States (1,2,22-24). Thus this modeling 
indicates that increased exposures to risk factors over time 
might be responsible for the increasing incidence of liver 
cancer in Canada. The underlying causes could include: 
1) change or increase in related conditions such as HBV 
and HCV infections and in other risk factors; 2) increase 
in immigrant population from high-risk areas such as 
Asia and Africa; 3) advances in diagnostic technology and 
completeness of registration of cases; and 4) increases 
in prevalence of obesity and diabetes mellitus among 

Table 1  Age–specific Incidence Rate of Liver Cancer (per 100 000 population) and  Annual Percent Change, Canada, 1972–1974 
to 2004–2006

                          Male                         Female
Incidence per 100 000 APC, % Incidence per 100 000 APC, %

Age, years 1972–1974 2004–2006 1972–2006 1972–1974 2004–2006 1972–2006
35–44 0.65 1.13 1.95** 0.45 0.47 −0.43  
45–54 2.1 7.77 4.08** 1.15 1.83 0.63*
55–64 6.96 16.42 2.82** 2.59 4.41 1.34**
65–74 13.19 30.17 2.97** 5.72 10.50 1.69**
75–84 14.88 39.42 2.69** 11.59 16.43 1.39**
All 2.64 6.46 2.87** 1.46 2.22 1.22**

Abbreviations: APC, Annual Percent Change; P, statistical significance.
Notes: Rates were adjusted to the 1991 Canadian population. APCs were estimated by linear regression models of the logarithms 
of the age–standardized rates.
P<0.05; ** P<0.01.
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Jiang et al. Increasing incidence in liver cancer in CanadaFigure 1. Age-adjusted Incidence and Mortality Rates of Liver 
Cancer by Gender, 1972-2006, Canada
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Figure 1 Age-adjusted Inci-
dence and Mortality Rates 
of Liver Cancer by Gender, 
1972-2006, Canada

Table 2  Age–specific Mortality Rate of Liver Cancer (per 100 000 population) and Annual Percent Change, Canada, 1972–
1974 to 2004–2006

                          Male                         Female
Mortality per 100 000 APC, % Mortality per 100 000 APC, %

Age, years 1972–1974 2004–2006 1972–2006 1972–1974 2004–2006 1972–2006
35–44 0.73 0.84 1.24** 0.51 0.31 −2.18**
45–54 2.28 4.76 2.36** 1.47 1.52 0.38
55–64 7.92 12.81 2.02** 3.94 4.96 0.91**
65–74 17.07 28.85 2.28** 8.26 11.95 1.55**
75–84 20.84 45.63 2.75** 16.56 22.95 1.75**
All 3.28 6.02 2.30** 2.01 2.59 1.22**

Abbreviations: APC, Annual Percent Change; P, statistical significance.
Notes: Rates were adjusted to the 1991 Canadian population. The APCs were estimated by liner regression models of the 
logarithms of the age–standardized rates.
* P<0.05; ** P<0.01.

Table 3  Comparison and evaluation of age–period–cohort modelling of the incidence of liver cancer for age 35–84 years, 
1972–2006

Terms in model Male Female
DF Deviancea Value/DF Pb DF Deviancea Value/DF Pb

Age 60    1549.5 60    226.0
Age–period 54    161.7 2.9950 0.0001 54    69.7 1.2905 0.0002
Age–cohortc 45c    58.0 1.2897 0.1810 45c    43.3 0.9614 0.0159
Age–period–cohort 40    47.7 40    29.5

Abbreviations: DF, degrees of freedom; P, P–value representing statistical significance.
aDeviance from the standard Poisson model.
bP–values based on chi–square tests refer to comparison between two–factor model with the full age–period–cohort model.
cThe best fitting model was used to estimate effects shown in Table 4.
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Figure 2a. Age-specific Incidence Rates of Liver Cancer by Birth 

Cohort among Males, from 1888 through 1897 to 1963 through 1972
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Figure 2b. Age-specific Incidence Rate of Liver Cancer by Birth Cohort 
among Females, from 1888 through 1897 to 1963 through 1972
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Figure 2  A : Age-specif ic 
Incidence Rates of Liver Can-
cer by Birth Cohort among 
Males, from 1888 through 
1897 to 1963 through 1972; 
B: Age-specific Incidence 
Rate of Liver Cancer by Birth 
Cohort among Females, from 
1888 through 1897 to 1963 
through 1972

A

B

Canadians.
Epidemiological studies found that recent immigrants 

from HBV–endemic areas and their descendants were at 
high risk of chronic HBV infection and of HBV–related 
liver cancer (25-27). Immigration from high-risk areas of 
hepatitis B infection, drug abuse and needle sharing, blood 
transfusion of unscreened blood or blood products, and 
unsafe sexual practices in the 1960s and 1970s have been 
associated with an increase in the HBV- and HCV- related 
liver cancer (9,23,28,29).

The total number of individuals born outside of Canada 
reached 6.2 million, 19.8% of the total population in 2006 
(31). Canadian census data show an increase in immigration 

from Africa and Asia made up about 17% of the foreign-
born population in 1981, increasing to 28% in 1996 and 
42% in 2001. Concurrently, immigrants from Europe made 
up a decreasing proportion of the foreign-born population, 
beginning at 67% in 1981 and dropping to 55% in 1996 
and then 42% in 2001 (28). Immigrants from high-risk 
areas for HBV infection showed elevated rates of several 
diseases including liver cancer (27,29). The highest annual 
percentage change (APC) among 45–65 men liver cancer 
could be inf luenced by immigration from high-risk areas 
of hepatitis B infection. Previous epidemiological studies 
associated an increase in immigrants from high-risk areas 
with the rise in incidence and mortality of liver cancer in 
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  Figure 3a. Age-specific Mortality Rates of Liver Cancer by Birth Cohort among 

Males, from 1888 through 1897 to 1963 through 1972
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  Figure 3b. Age-specific Mortality Rates of Liver Cancer by Birth Cohort among 
Females, from 1888 through 1897 to 1963 through 1972
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Figure 3  A : Age-specif ic 
Mortality Rates of Liver Can-
cer by Birth Cohort among 
Males, from 1888 through 
1897 to 1963 through 1972; 
B: Age-specific Mortality 
R ates of  Liver Cancer by 
Birth Cohort among Females, 
from 1888 through 1897 to 
1963 through 1972

Canada (30,32). Analysis by cultural background and region 
of birth revealed a high incidence of and mortality due to 
liver cancer for immigrants from certain specific regions. 

Chen et al. found that the risk of liver cancer was associated 
with a high proportion of immigration to the province of 
Ontario (28).  Luo et al. examined the incidence of cancer 
among Chinese immigrants in Alberta and found that the 
overall cancer incidence was lower among immigrants, 
but the incidence rates of liver cancer were much higher 
(16.7/100 000) than that among Canadian-born residents 
(1.7/100 000) of Alberta (32). The increased incidence 
rates of liver cancer observed in those studies were likely to 

be associated with the high prevalence of HBV and HCV 
infections among high-risk groups. Immigrants might 
have acquired such infection before coming to Canada. 
One study found increased risk among immigrants from 
South–Eastern Asia infected with biliary liver flukes where 
consumption of raw fresh-water fish is a cultural practice. 
Biliary liver fluke has an infrequent cause of infection which 
the potential long-term consequences of chronic infection 
are highly associated w ith cholangiocarcinoma (33). 
    Liver cancer is more prevalent in men than in women 
worldwide (1,2). We observed a male to female ratio of 
around 2:1 for liver cancer incidence and mortality in 
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Table 4  Relative Risks of Incidence of Liver Cancer in Canadians Aged 35–84 Years, 1972–2006, According to Age–Cohort 
Modeling

Birth cohort    Male Female
RR 95% CI RR 95% CI

1888–1897 0.81 0.64–1.02 0.77 0.59–0.99
1893–1902 0.71 0.60–0.84 0.81 0.68–0.97
1898–1907a 1.00 — 1.00 —
1903–1912 1.09 0.97–1.22 0.95 0.84–1.09
1908–1917 1.18 1.06–1.31 1.02 0.90–1.15
1913–1922 1.33 1.20–1.47 1.06 0.94–1.20
1918–1927 1.63 1.48–1.79 1.18 1.05–1.33
1923–1932 1.85 1.68–2.04 1.37 1.21–1.54
1928–1937 2.17 1.96–2.40 1.52 1.33–1.72
1933–1942 2.40 2.15–2.67 1.53 1.33–1.76
1938–1947 2.54 2.27–2.84 1.57 1.35–1.83
1943–1952 3.45 3.06–3.88 1.55 1.31–1.84
1948–1957 4.99 4.41–5.68 1.60 1.32–1.95
1953–1962 5.38 4.64–6.24 2.17 1.74–2.71
1958–1967 4.41 3.61–5.39 1.80 1.41–2.23
1963–1972 3.46 2.43–4.92 1.56 0.95–2.13
Abbreviations: CI, confidence interval; RR, relative risk.
a Reference birth cohort.

Canada. We also observed that the increasing trends of 
incidence and mortality of liver cancer among men started 
at 45 years of age. The reasons for higher rates of liver cancer 
in males may be due to sex-specific differences in exposure 
to risk factors (27). Further, epidemiological studies have 
indicated that males are more sensitive to the effect of HBV 
infection than females. Wang et al. found that there was a 
greater risk difference between hepatitis B surface antigen 
carriers and noncarriers among males than among females, 
and that males had a significant synergistic effect for the 
interaction between sex and HBV infection on liver cancer 
mortality (34). A case-control study by Yu et al. found an 
inverse relation between exposure to estrogens and liver 
cancer, suggesting that estrogens may provide a protective 
effect against liver cancer (35). Naugler et al. found that 
estrogen-mediated inhibition of interleukin-6 production 
by Kupffer cells reduced the risk of liver cancer in females 
(36). 

Heavy consumption of alcohol is a well-known risk factor 
for liver cancer. Donato et al. found a positive linear relation 
between the risk of hepatocellular carcinoma (HCC) and 
alcohol intake, although these was no substantial relative 
risk differences between men and women (37). Further, 
risk of liver cancer is thought to be affected by synergistic 
interactions between HBV or HCV infection and alcohol 
(38). A systematic review of epidemiological evidence 

concluded that HBV infection, HCV infection and alcohol 
intake are major causes of HCC worldwide, and the three 
main risk factors together account for approximately 85% 
of the total HCC cases (39). Boffetta et al. found that DNA 
damage occurred after heavy alcohol consumption, and 
alcohol-associated liver cirrhosis was the most important 
risk factor for HCC in populations with low prevalence of 
infection from HBV and HCV, such as in the United States 
and northern Europe (40). Heavy alcohol consumption 
may cause DNA damage by reducing intake of nutrition; 
this could also explain the synergistic effect of alcohol and 
HBV and HCV  infections (41). In addition, other studies 
also reported a strong association between obesity and 
liver cancer, although the mechanisms for this association 
remain unknown (42,43). The metabolic abnormalities 
related to excess weight include high plasma triglyceride, 
glucose and insulin levels, as well as insulin resistance. 

Per iod ef fect ident i f ied by our age-per iod-cohor t 
regression, though statistically significant only in women, 
is very likely due to an overall improvement in the quality 
of cancer registration data that took place in the 1970s 
and early 1980s in most Canadian provinces/territories, 
especially Quebec (21,44). Changes to cancer diagnostic 
criteria and registration methodology over that period were 
already documented by the Canadian Cancer Registry; 
however, its impact on the cancer trends was too small to 
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be quantified by earlier studies (11,44). In addition, the 
slight decrease in relative risks in the two most recent birth 
cohorts (Table 4) may indirectly indicate a l ikelihood 
that risks for liver cancer attributable to exposure to the 
risk factors identified above have yet to appear in younger 
generations.

In summary, substantial increases in incidence and 
mortality from liver cancer have occurred over the last 3 
decades, with increases in rates among men over twice that 
for women. The underlying birth-cohort pattern observed 
for l iver cancer incidence in the Canadian population 
suggests an increasing proportion of immigrants from high-
risk regions, an increased prevalence of persons infected 
with HBV and HCV, and increasing rates of obesity are 
responsible for the increasing risk of developing liver cancer. 
Direct epidemiological evidence, however, is needed, as 
other yet unrecognized etiologic factors may remain to be 
identified. 
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