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Background: Primary liver cancer is the fifth most common cancer world-wide, and the second most 
common cause of death from cancer, with an estimated 841,100 new cases and 781,500 deaths each year. 
Hepatocellular carcinoma (HCC) accounts for 60–80% of cases, and cholangiocarcinoma 10–40%. We 
examined global trends in survival for both these sub-types of liver cancer, by country, age, sex and calendar 
period. 
Methods: Data on 1,005,032 adults (aged 15–99 years) diagnosed with a primary, invasive malignant 
neoplasm of the liver or intrahepatic bile ducts between 1995 and 2009 were provided by 243 population-
based cancer registries in 60 countries. Analysis was restricted to patients for whom the diagnosis of a 
primary malignancy had been confirmed by histological or cytological examination, or assignation of a 
specific morphology code, and to registries from which survival estimates were considered reliable. We 
estimated both five-year net survival and conditional five-year net survival, for patients who survived to 
the first anniversary of diagnosis. Funnel plots were used to examine international variation in survival and 
variation by age and morphology.
Results: Data on 578,740 patients from 187 registries in 36 countries were included after quality control. 
For patients diagnosed during 2004–2009, the pooled estimate of age-standardised five-year net survival for 
liver cancer was 14.8% (range, 4.4–23.7%), higher than for patients diagnosed during 1995–2000 (11.0%). 
Survival for patients diagnosed with HCC during 2004–2009 (pooled estimate 17.4%, range 7.7–25.5%) was 
higher than for those with cholangiocarcinoma (8.4%, range 3.7–16.0%). Survival for patients diagnosed 
during 2004–2009 was higher in Canada, Italy, Japan, Taiwan and Korea (21.2–23.7%) than the pooled 
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Introduction

Primary liver cancer is the fifth most common cancer 
world-wide, and the second most common cause of cancer 
death, with an estimated 841,100 new cases and 781,500 
deaths each year (1). More than 70% of cases and deaths 
arise in males. Hepatocellular carcinoma (HCC) accounts 
for 60–80% of invasive malignancies of the liver (2). It is 
estimated that 80% of HCC cases are secondary to chronic 
infection with hepatitis B or C (3). Aflatoxin contamination 
of cereals and peanuts is estimated to cause up to 28% of 
cases in sub-Saharan Africa, Southeast Asia, and China (4). 
In high-income countries, where incidence rates are lower, 
important risk factors are chronic hepatitis C infection, 
alcohol-induced cirrhosis (5), and increasingly, liver disease 
linked with diabetes and obesity (6).

Most other primary malignancies of the liver are 
cholangiocarcinomas [10–40% of cases (2)], arising in the 
intrahepatic bile ducts. In South-east Asia, particularly 
Thailand, infestation with the liver flukes Opisthorchis 
viverrini and Clonorchis sinensis is an endemic risk factor (7).  
Risk factors in other countries include primary sclerosing 
cholangit is  (8) ,  cholel ithiasis  (9)  and hepatit is  C  
infection (10), but cholangiocarcinoma has also been 
associated with smoking (11) and obesity (12).

A large proportion of the global burden of liver cancer, 
therefore, is potentially preventable through reductions 
in exposure to risk, particularly chronic viral infection. 
However, over 80% of HCC occur in sub-Saharan Africa 
and Asia (3). Vaccination against hepatitis viruses for 

primary prevention can be difficult in low- and middle-
income countries with limited infrastructure (13,14), 
although such a programme was successfully introduced 
in the Gambia (15). The global burden of incidence is 
thus likely to remain high for the foreseeable future. 
Global surveillance of survival is required, both to 
identify international variation in outcomes (16) and to 
identify modifiable prognostic factors in a given country, 
such as health-seeking behaviour, screening, access to 
services, early diagnosis and treatment, and health system 
organization (17).

Trends in population-based survival enable the overall 
effectiveness of the health system in each country to be 
monitored. Five-year net survival from liver cancer is very 
low (10–20%) in both developed and developing countries 
(18,19). Survival for patients whose cholangiocarcinoma is 
localised and who receive a transplant and chemoradiation 
can be as high as 68% at 5 years (20), while it can be as high 
as 75% for those with very early HCC (21); however, only 
a small proportion of patients are diagnosed sufficiently 
early for surgery and transplantation to be viable, even in 
developed countries. Patients with intra- or extra-hepatic 
metastases fare much less well, with five-year survival 
typically below 10% (21).

We present international comparisons of trends in 
population-based net survival up to five years after diagnosis 
of primary cancer of the liver among adults diagnosed 
during 1995–2009 in 36 countries that were included in the 
CONCORD-2 study (19). 

estimate for patients diagnosed some 10 years earlier (1995–2000; 11.0%). Conditional survival in 2004–2009 
was also higher in New Zealand, Canada, Taiwan, Korea, and China (42.0–52.7%) than the pooled estimate 
for 1995–2000 (33.2%).
Conclusions: Survival from primary cancers of the liver has increased, but it remains poor in most 
countries we have examined. International variation in survival highlights the potential to improve outcomes, 
but prevention must also remain a priority. There is a need for continued and expanded surveillance of 
survival, especially in low- and middle-income countries, to assess the impact of interventions in policy and 
treatment. Greater consistency in registration practice and coding of liver cancer would reduce the variation 
in data quality and further improve the comparability of survival estimates.
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Methods

Methods of data acquisition, quality control and analysis for 
the CONCORD-2 study, and ethical approval, have been 
described (19). Data were submitted by 243 population-
based cancer registries in 60 countries on 1,005,032 adults 
(aged 15–99 years) diagnosed with their first, primary, 
invasive, malignant neoplasm of the liver or intrahepatic 
bile ducts [International Classification of Diseases for 
Oncology, third revision (ICD-O-3) (22), C22.0 and C22.1] 
between 1995 and 2009. After exclusion of 22,175 records 
during data quality control, 982,857 patients were eligible 
for inclusion in analyses.

The liver is a common site for metastatic spread from 
cancer in other organs, so we only included primary, 
invasive, malignant tumours of the liver (behaviour code /3)  
for which the registry provided evidence of histological 
or cytological confirmation of the diagnosis, or a specific 
morphology code (i.e., excluding ICD-O-3 8000–8005), 
irrespective of the basis of diagnosis. We also included 
patients whose cancer was diagnosed with the specific 
tumour marker alpha-fetoprotein (usually >200 ng/mL  
serum) and coded as HCC, not otherwise specified 
(ICD-O-3 morphology 8170), according to guidelines 
from the European Network of Cancer Registries  
(ENCR) (23). We excluded data from registries for which 
the liver cancer survival estimates had been flagged as less 
reliable in CONCORD-2 (19). We also excluded patients 
whose tumour was registered only from a death certificate 
(DCO), or solely at autopsy.

We defined two main morphological groups: HCC 
(ICD-O-3 8170–8175) and cholangiocarcinoma (ICD-O-3 
8050, 8140–8141, 8160–8161, 8260, 8440, 8480–8500, 
8570–8572) (24).

Five-year net survival was estimated with the non-
parametric Pohar-Perme estimator (25) using the Stata (26) 
program stns (27). Net survival deploys life tables of all-
cause mortality rates in the general population by age, sex 
and year, to correct for the effect of the wide international 
variations in non-cancer mortality. Life tables were 
constructed from death and population counts by single 
year of age or five-year age group, sex, race/ethnicity (where 
possible) and calendar year or period, for the territory of 
each participating registry or country (28). The classical 
cohort approach was used to estimate survival for patients 
diagnosed during 1995–2000 and 2001–2003, because at 
least five years of follow-up for vital status were available 
for all these patients by 31 December 2009. We estimated 

survival for patients diagnosed during 2004–2009 with 
the complete approach (29), because not all patients had 
been followed up for five years. We also estimated five-
year survival conditional on survival to the end of the first 
year after diagnosis, as a surrogate for survival in patients 
with local or regional disease, since patients with advanced 
disease are unlikely to survive more than one year. The 
calendar periods were chosen to match the availability of 
data on stage from 2001, and changes in the data collection 
processes for coding SEER Summary Stage 2000 from 
2004 (30).

We estimated net survival for each of five age groups, 
and used the International Cancer Survival Standard 
(ICSS) weights (15–44 years, 0.07; 45–54 years, 0.12; 
55–64 years, 0.23; 65–74 years, 0.29; 75–99 years, 0.29) 
to produce age-standardised survival estimates for all ages  
combined (31). Age-specific survival was only estimated if 
data for at least 50 patients were available for analysis, and 
at least 10 deaths had been observed. If a survival estimate 
could not be obtained for a particular age group, the data 
for two adjacent groups were combined, and the analysis 
repeated. The pooled estimate was then used for both age 
groups in age-standardization.

Funnel plots (32) were adopted for graphical presentation, 
in preference to the conventional ranked bar charts, in order 
to identify countries with unexpectedly high or low survival, 
given the precision of the estimate. A random effects  
model (33), fitted by restricted maximum likelihood 
estimation, adjusted for the precision of each estimate, was 
used to estimate the mean and variance of the distribution of 
five-year survival estimates for all countries included in each 
analysis. The analysis was performed on the complementary 
log-log scale (34), with 5% ‘winsorisation’ (32) to reduce 
inflation of the variance. We use this pooled estimate as the 
target in the funnel plot, for purely descriptive purposes. 
The standard error of each estimate and the standard 
deviation between countries, derived from the random 
effects model, were used to construct the control limits 
of the funnel plot; estimates outside the 95.0% or 99.8% 
control limits are at least 1.96 and 3.09 standard deviations 
from the target, respectively (34).

Since none of the age-standardised survival estimates 
for 2004–2009 exceeded the upper 95% control limit in 
the funnel plot, we changed the ‘target’ or benchmark, 
to the pooled survival estimate for patients diagnosed 
during 1995–2000. This was done in order to help identify 
countries or registries in which the age-standardised 5-year 
net survival for patients diagnosed during 2004–2009 was 
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higher than for patients diagnosed 10 years earlier. A similar 
approach was used to identify age-specific survival estimates 
for 2004–2009 that were higher than the corresponding 
pooled estimate for patients diagnosed during 1995–2000.

Results

Patients

Of the 982,857 patients  el igible for inclusion in 
CONCORD-2, we excluded 166,557 (16.9%) patients from 
56 registries in 24 countries for which the survival estimates 
were considered less reliable (19), or for which fewer than 50 
patients were available for analysis in each calendar period, 
leaving 816,300 patients (Figure 1). We excluded a further 
41,650 patients (4.2% of those eligible) whose tumour 
was registered from a death certificate only, or at post-
mortem, or for other reasons (Table 1), and 195,910 patients 
(19.9% of those eligible) with no evidence of microscopic 
verification or a specific morphology code, including 
a code derived from the alpha-fetoprotein level (23).  
We included 578,740 patients (58.9% of eligible patients) 
from 187 registries in 36 countries in survival analyses. 
Age-standardised estimates of five-year net survival were 

available for 28 of the 36 countries (Table 2).

Data quality

The proportion of tumours registered as a DCO or without 
microscopic verification varied widely (Table 1). DCO 
registrations exceeded 10% in 12 of the 36 countries. In 
China, Indonesia, Mongolia, Thailand and Poland, more 
than 50% of patients were excluded for lack of microscopic 
verification or a specific morphology code (not shown). In 
Thailand, Denmark, Poland and Sweden, 20% or more 
of cholangiocarcinomas were coded as arising in the liver 
(C22.0), rather than the intrahepatic bile ducts, while 
in Malaysia, 14% of HCC were coded as arising in the 
intrahepatic bile ducts (C22.1; Table S1). 

The number of patients with data on stage at diagnosis 
was too small to enable international comparison of age-
standardised net survival by stage.

Age, sex and histological group

Patients in low- and middle-income countries were 
generally younger than in European countries and Japan  

1,005,032 patients submitted

982,857 patients eligible

 (243 registries, 60 countries)

816,300

(187 registries, 36 countries)

774,650

(187 registries, 36 countries)

578,740 included in analyses 

(187 registries, 36 countries)

22,175 patients ineligible because of incomplete data; 

benign, in situ or uncertain behaviour, or metastatic from 

another primary site; Kaposi sarcoma or haematopoietic 

morphology, or age at diagnosis below 15 or above 99 years.

166,557 patients (16.9% of those eligible)

excluded from 56 registries (24 countries): survival estimates 

less reliable, or fewer than 50 patients in a calendar period.

195,910 patients (19.9% of those eligible) without evidence 

of histological or cytological confirmation or a specific 

morphology code.

41,650 patients (4.2% of those eligible) diagnosed from a 

death certificate only, or tumour detected solely at autopsy.

Figure 1 Patients diagnosed with liver cancer during 1995–2009: number submitted and excluded, and the final number included in the 
analyses. 
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(Figure 2A). Most patients diagnosed during 2004–2009 
were male (median proportion 69.4%, Figure 2B). HCC was 
more common than cholangiocarcinoma (median 70.4% 
and 19.4%, respectively; Figure 2C). HCC represented 
84.0–89.7% of liver cancers in Taiwan, Japan, and Korea, 
while cholangiocarcinoma represented 67.4% of liver 
cancers in Thailand and 43.9% in the UK (Table S1).

Five-year net survival of patients diagnosed in 2004–2009

For all liver cancers combined, the pooled estimate of 
age-standardised five-year net survival in 28 countries for 
patients diagnosed during 2004–2009 was 14.8% (range 
4.4–23.7%; Table 2). Survival was much lower than the 
pooled estimate for the same period in Denmark (6.7%), 
Slovenia (6.0%), and Thailand (4.4%; Figure 3A). None of 
the estimates exceeded the upper limit of the funnel plot.

Five-year survival for patients diagnosed during 2004–
2009 in Canada, Italy, Japan, Taiwan, and Korea (21.2–
23.7%) was higher than the upper 95% control limit around 
the 1995–2000 benchmark (11.0%) (Figure 3B).

Age-standardised five-year conditional survival for 

patients diagnosed during 2004–2009 who had survived 
for at least one year varied from 24.4% to 52.7% (Table 3).  
In New Zealand, China, Canada, Taiwan and Korea, 
conditional survival for 2004–2009 (42.0–52.7%) was 
above the upper 95% control limit around the 1995–2000 
benchmark (33.2%; Figure 3C).

Hepatocellular carcinoma

The pooled estimate of age-standardised five-year net 
survival for patients diagnosed during 2004–2009 was 17.4% 
(range 7.7–25.5%; Table 3). Survival in Slovenia (7.7%) 
and Denmark was lower than the pooled estimate (8.1%;  
Figure 4A). None of the estimates exceeded the upper 95% 
control limit of the funnel plot.

Five-year survival for patients diagnosed during 
2004–2009 was higher than the upper 95% control limit 
for 1995–2000 in Canada, Italy, Japan, Taiwan and Korea 
(24.0–25.5%; Figure 4B), suggesting progress from the 
levels ten years earlier. 

Conditional survival for patients diagnosed during 2004–
2009 was higher than the 95% control limits for 1995–2000 

Figure 2 Distribution (%) of liver cancers diagnosed during 2004–2009 by (A) age, (B) sex and (C) morphology. Numbers of patients in 
parentheses. Only microscopically verified tumours (see ‘Methods’). For definition of morphology groups, see text.
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Figure 3 Age-standardised 5-year net survival for liver cancer patients diagnosed during 2004–2009: (A) the target value is the pooled 
estimate for the same period; (B) the target value is the pooled estimate for 1995–2000, 10 years earlier; (C) 5-year survival, conditional 
on survival to the end of the first year after diagnosis, for patients diagnosed during 2004–2009 with the pooled estimate for 1995–2000, 
10 years earlier, as the target value. Hollow circles represent unstandardized survival estimates (Table 2). Only age-standardised estimates 
contributed to the construction of the funnel plot. UN country codes: AUS, Australian registries; AUT, Austria; BEL, Belgium; CAN, 
Canada; CHN, Chinese registries; COL, Colombian registries; DNK, Denmark; EST, Estonia; FIN, Finland; FRA, French registries; 
DEU, German registries; IDN, Indonesia (Jakarta); IRL, Ireland; ITA, Italian registries; JPN, Japanese registries; KOR, Korea; MYS, 
Malaysia (Penang); MLT, Malta; MNG, Mongolia; NLD, Netherlands; NZL, New Zealand; NOR, Norway; POL, Polish registries; PRT, 
Portugal; ROU, Romania (Cluj); RUS, Russia (Arkhangelsk); SVK, Slovakia; SVN, Slovenia; ESP, Spanish registries; SWE, Sweden; CHE, 
Swiss registries; TWN, Taiwan; THA, Thai registries; TUR, Turkey (Izmir); GBR, United Kingdom; USA, US registries.

in China, Sweden, Belgium, Canada, Korea and Taiwan 
(42.8–51.9%; Figure 4C), also suggesting progress in these 
countries.

Five-year net survival is generally lower in older patients. 
The pooled estimates of five-year net survival for patients 
diagnosed during 2004–2009 aged 15–44, 45–54, 55–64, 
65–74 and 75–99 years were 30.6%, 24.6%, 21.4%, 15.8% 
and 10.2%, respectively (Table 4).

There is some evidence that age-standardised five-year 
survival tends to be slightly higher for women (21.8%) than 
men (17.5%; Table 5).

In every country except Poland, five-year net survival for 
younger patients (15–44 years) diagnosed during 2004–2009 
was higher than the pooled estimate for patients diagnosed 
in that age group some 10 years earlier, 1995–2000 (20.2%; 
Figure 5A). In Korea, Taiwan and Italy, this increase was 
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seen in every age group (Figure 5A,B,C,D,E).

Cholangiocarcinoma

Age-standardised five-year net survival for patients 
diagnosed during 2004-2009 ranged from 3.7% in Thailand 
and Finland to 16.0% in China (Table 3; Figure 6A). The 
pooled estimate was 8.4%. Survival was similar for men 
(8.8%) and women (8.3%) (Table 5).

Five-year survival for patients diagnosed during 2004–
2009 exceeded the upper 95% control limit for patients 
diagnosed during 1995–1999 in China (16.0%), Belgium 
(14.4%) and Portugal (13.3%) (pooled estimate 6.0%) 
(Figure 6B). 

All the age-standardised five-year conditional survival 
estimates for 2004–2009 were within the control limits 
around the pooled estimate for patients diagnosed ten years 
earlier (22.0%), suggesting there had been little change in 
longer-term survival (Figure 6C). 

Discussion

CONCORD-2 is the largest study to date of population-
based survival from primary malignant neoplasms of 
the liver. The estimates of net survival up to five years 
after diagnosis presented here are based on data for 
578,740 patients from 187 population-based registries 
in 36 countries over the 15-year period 1995–2009. All 
the estimates are corrected for international variation 
and trends in background mortality, and where possible 
they are age-standardised. For patients diagnosed during 
2004–2009, age-standardised comparisons of net survival 
are now available for HCC in 25 countries and for 
cholangiocarcinoma in 20 countries. 

The pooled estimate of age-standardised five-year net 
survival for primary liver cancer during 2004–2009 was 
14.8% (range 4.4–23.7%). Survival was higher for patients 
diagnosed with HCC (17.4%, range 7.7–25.5%) than for 
those with cholangiocarcinoma (8.4%, range 3.7–16.0%).

Five-year net survival increased slightly between 1995–
2000 (pooled estimate 11.0%) and 2004–2009 (14.8%), most 
noticeably in younger patients and for those with HCC. 
Given that survival is notably higher for HCC than for 
cholangiocarcinoma, and the wide international variation in 
the relative frequency of these two sub-types, international 
comparisons of liver cancer survival should probably be 
done separately for HCC and cholangiocarcinoma. 

In Canada, Italy, Japan, Taiwan and Korea, five-year net 
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survival for HCC (21.2–23.7%) in 2004–2009 was higher 
than the pooled estimate for 1995–2000. Japan introduced a 
programme for early diagnosis with new imaging techniques 
from the 1980s, with advanced techniques in surgery and 
chemotherapy (35). The proportion of tumours larger than 
10 cm fell from 65.0% to 6.0% during 1978–2005 (36). 
The proportion of patients diagnosed with localised disease 
in Japan (60%) (35) is higher than in Korea (44%) (37), 
the USA (41%) (38) or Taiwan (30%) (39). The evidence 
of reduced mortality from screening patients with chronic 
liver disease is weak (40), but a dose-dependent association 
was found in a national study in Taiwan between shorter 
intervals from ultrasonography examination to a confirmed 
diagnosis and subsequent mortality (41). The high 

proportion of DCO registrations in Japan (20.5%) and the 
low proportion of patients with histological confirmation of 
the diagnosis in Italy (43.5%) may have modified the stage 
distribution (data not shown), but we have not examined 
survival by stage.

Age-standardised 5-year net survival for HCC was 
slightly but systematically higher for women than for men. 
A similar result was seen in the US SEER programme 
from a study of 39,345 patients diagnosed between 1988 
and 2010, in which the hazard ratio for all-cause survival 
was 17% lower in women than men (42). The role of sex 
hormones was invoked in that study, but earlier detection 
could also play a role. 

Conditional survival (five-year net survival among 

Figure 4 Hepatocellular carcinoma: age-standardised 5-year net survival for patients diagnosed during 2004–2009: (A) the target value is the 
pooled estimate for the same period; (B) the target value is the pooled estimate for patients diagnosed during 1995–2000, 10 years earlier; 
(C) 5-year survival, conditional on survival to the end of the first year after diagnosis, for patients diagnosed during 2004–2009 with the 
pooled estimate for 1995–2000, 10 years earlier, as the target value. Hollow circles represent unstandardized survival estimates. Only age-
standardised estimates (Table 3) contributed to the construction of the funnel plot. Country codes: see Figure 3.
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Figure 5 Hepatocellular carcinoma: 5-year net survival for patients diagnosed during 2004–2009, by age at diagnosis: (A) 15–44 years, (B) 
45–54 years, (C) 55–64 years, (D) 65–74 years, and (E) 75–99 years. The target value in each funnel plot is the pooled estimate for that age 
group for patients diagnosed during 1995–2000, 10 years earlier. Country codes: see Figure 3.

50

40

30

20

10

0

50

40

30

20

10

0

50

40

30

20

10

0

50

40

30

20

10

0

50

40

30

20

10

0

N
et

 s
ur

vi
va

l (
%

)

N
et

 s
ur

vi
va

l (
%

)
N

et
 s

ur
vi

va
l (

%
)

N
et

 s
ur

vi
va

l (
%

)

N
et

 s
ur

vi
va

l (
%

)

2 4 6 8 103 4 5 6 7 8

3 4 5 6 7

3 4 5 6 7 82 4 6 8

Log of precision (1/transformed sampling variance)Log of precision (1/transformed sampling variance)

Target value                  95.0% control limit (CL)              99.8% CL

Target value                  95.0% control limit (CL)              99.8% CL

Target value                  95.0% control limit (CL)              99.8% CL

Target value                  95.0% control limit (CL)              99.8% CL

Target value                  95.0% control limit (CL)              99.8% CL

Log of precision (1/transformed sampling variance)

Log of precision (1/transformed sampling variance)Log of precision (1/transformed sampling variance)

A

C

E

B

D

15–44 years

55–64 years

75–99 years

45–54 years

65–74 years



Annals of Cancer Epidemiology, 2019Page 18 of 26

© Annals of Cancer Epidemiology. All rights reserved. Ann Cancer Epidemiol 2019;3:6 | http://dx.doi.org/10.21037/ace.2019.07.01

Figure 6 Cholangiocarcinoma: age-standardised 5-year net survival for patients diagnosed during 2004–2009: (A) the target value is the 
pooled estimate for the same period; (B) the target value is the pooled estimate for patients diagnosed during 1995–2000, 10 years earlier; 
(C) 5-year survival, conditional on survival to the end of the first year after diagnosis, for patients diagnosed during 2004–2009 with the 
pooled estimate for 1995–2000, 10 years earlier, as the target value. Hollow circles represent unstandardized survival estimates. Only age-
standardised estimates (Table 3) contributed to the construction of the funnel plot. Country codes: see Figure 3.
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quality for liver cancer from population-based cancer 
registries. The problem arises partly because liver cancers 
are often diagnosed late, when invasive investigation is 
not warranted, survival is poor and the proportion of cases 
registered only from a death certificate (DCO) can be 
high. The liver is also a site of predilection for metastasis 
from other organs. These aspects of data quality can affect 
the comparability of survival estimates, both by exclusion 
of DCOs, for which the duration of survival is unknown 
but probably very short, and by the inability to determine 
accurately the morphologic type or the stage at diagnosis. 
Variability in data quality was also shown by the coding of 
cholangiocarcinoma to the liver parenchyma (20–30% of 
cases in four countries).

Misclassification of liver metastases as primary liver 
cancers will have been reduced by the exclusion of patients 
for whom the only basis of diagnosis was a death certificate. 
We also excluded patients for whom there was no evidence 
of microscopic verification. The European Network of 
Cancer Registries recommends assignation of a morphology 
code for HCC (ICD-O-3 M8170) if a liver tumour is 
diagnosed solely from high levels of alpha-fetoprotein, 
so some primary HCCs may have been excluded where 
this practice was not adopted. Survival estimates are more 
susceptible to bias when a large proportion of patients is 
excluded, such as in Romania, Thailand, Japan, Italy and 
China. Incomplete trace-back to find the date of diagnosis 
of cases first notified to the registry from a death certificate, 
resulting in a high proportion of DCO registrations, has 
been shown to bias survival estimates upwards, because 
such cases are often diagnosed shortly before death, leaving 
little time for routine cancer registration (57,58). By 
contrast, Denmark undertakes very intensive trace-back; the 
proportion of DCO cases for liver cancer is extremely low 
(0.8%), and this leads to inclusion in the analyses of many 
patients with very short survival. 

Funnel plots are preferable to ranked bar charts for 
displaying survival estimates as higher or lower than a given 
benchmark, because they take due account of the precision 
of each estimate (34). Here, we devised a new method, using 
a random effects model to handle the wide international 
variation in both the survival estimates and the precision of 
those estimates, while maintaining control limits within the 
range 0 to 100%. The more objective comparison of survival 
estimates, presented alongside information on data quality, 
should motivate adoption of better registration practice, 
to improve both completeness and quality of the data. The 
collection of more complete data on tumour stage needs 

special emphasis, to enable evaluation of the contributions of 
early diagnosis and timely treatment to survival (59,60).

Unfortunately, many countries in Asia and Africa, where 
liver cancer incidence is usually high, could not be included 
in the analyses because of the lack of population-based 
cancer registry data. Survival in these countries is likely to 
be lower than in the high-income countries from which 
most of the data presented here were available (61).

Conclusions

Despite international variation and improvement over 
time, survival from liver cancer remains very low in 
most countries, particularly for cholangiocarcinoma. For 
hepatocellular carcinoma, prevention remains an urgent 
priority, through reduction in exposure to key risk factors 
such as aflatoxin (62), responsible for 5–28% of cases (4),  
and excessive alcohol consumption (63,64), as well as 
more widespread immunization against hepatitis B and  
C (14). Difficulties in implementing vaccination in low- 
and middle-income countries suggest that the incidence of 
hepatocellular carcinoma is likely to remain high (13).

Improving survival should therefore remain a high 
priority. Credible international comparisons of survival 
should stimulate policy to improve early diagnosis, and 
clinical trials of new approaches to treatment. Sustained 
effort is required to expand population-based cancer 
registration for surveillance of cancer incidence and survival 
worldwide. Global studies of cancer survival, such as 
CONCORD, contribute to this effort.
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Poland: A Dyzmann-Sroka, M Trojanowski (Greater 
Poland Cancer Registry); S Góźdź, R Mężyk (Holy Cross 
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Cancer Registry); J Błaszczyk, K Kępska (Lower Silesian 
Cancer Registry); M Grądalska-Lampart, AU Radziszewska 
(Subcarpathian Cancer Registry); JA Didkowska, U 
Wojciechowska (National Cancer Registry); M Bielska-
Lasota, K Kwiatkowska (National Institute of Public Health, 
NIH); Portugal: G Forjaz de Lacerda, RA Rego (Registo 
Oncológico Regional dos Açores); J Bastos, MA Silva 
(Registo Oncológico Regional do Centro); L Antunes, MJ 
Bento (Registo Oncológico Regional do Norte); A Mayer-
da-Silva, A Miranda (Registo Oncólogico Regional do Sul); 
Romania: D Coza, AI Todescu (Cancer Institute I. Chiricuta); 
Russia: MY Valkov (Arkhangelsk Regional Cancer Registry); 
Slovakia: J Adamcik, C Safaei Diba (National Cancer Registry 
of Slovakia); Slovenia: M Primic-Žakelj, T Žagar (Cancer 
Registry of Republic of Slovenia); J Stare (University of 
Ljubljana); Spain: E Almar, A Mateos (Registro de Cáncer de 
Albacete); JR Quirós (Registro de Tumores del Principado 
de Asturias); J Bidaurrazaga, N Larrañaga (Basque Country 
Cancer Registry); JM Díaz García, AI Navarro (Registro 
de Cáncer de Cuenca); R Marcos-Gragera, ML Vilardell 
Gil (Epidemiology Unit and Girona Cancer Registry); E 
Molina, MJ Sánchez Perez (Granada Cancer Registry); P 
Franch Sureda, M Ramos Montserrat (Mallorca Cancer 
Registry); MD Chirlaque, C Navarro (Murcia Cancer 
Registry); E Ardanaz, CC Moreno-Iribas (Registro de 
Cáncer de Navarra, CIBERESP); R Fernández-Delgado, 
R Peris-Bonet (Registro Español de Tumores Infantiles); J 
Galceran (Tarragona Cancer Registry); Sweden: S Khan, M 
Lambe (Swedish Cancer Registry); Switzerland: B Camey 
(Registre Fribourgeois des Tumeurs); C Bouchardy, M Usel 
(Geneva Cancer Registry); H Frick, C Herrmann (Cancer 
Registry Grisons and Glarus; Cancer Registry of St Gallen-
Appenzell); JL Bulliard, M Maspoli-Conconi (Registre 
Neuchâtelois et Jurassien des Tumeurs); CE Kuehni, M 
Schindler (Swiss Childhood Cancer Registry); A Bordoni, 
A Spitale (Registro Tumori Canton Ticino); A Chiolero, I 
Konzelmann (Registre Valaisan des Tumeurs); KL Matthes 
(Cancer Registry Zürich and Zug); United Kingdom: 
J Rashbass (National Cancer Registration and Analysis 
Service England); D Fitzpatrick, A Gavin (Northern Ireland 
Cancer Registry); RJ Black, DH Brewster (Scottish Cancer 
Registry); CA Stiller (National Cancer Registration and 
Analysis Service, Public Health England); DW Huws, C 
White (Welsh Cancer Intelligence & Surveillance Unit); C 
Allemani*, A Bonaventure, MP Coleman*, V Di Carlo, R 
Harewood, M Matz, M Nikšić, B Rachet* (London School 
of Hygiene & Tropical Medicine); R Stephens* (National 
Cancer Research Institute, London); F Bannon (Queens 

University, Belfast).
Oceania—Australia: E Chalker, L Newman (Australian 
Capital Territory Cancer Registry); D Baker, MJ Soeberg 
(NSW Cancer Registry); J Aitken, C Scott (Queensland 
Cancer Registry); BC Stokes, A Venn (Tasmanian Cancer 
Registry); H Farrugia, GG Giles (Victorian Cancer 
Registry); T Threlfall (Western Australian Cancer Registry); 
D Currow*, H You (Cancer Institute NSW); New Zealand: J 
Hendrix, C Lewis (New Zealand Cancer Registry).
* CONCORD Steering Committee.
†Dr. Adriano Giacomin passed away on 23 March 2017.
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Supplementary

Table S1 Adults (15–99 years) diagnosed with hepatocellular carcinoma or cholangiocarcinoma* during 1995–2009 in 36 countries: distribution (no., %) by sub-
site

Region Total
§
 No.

Morphology
†

Topography
††

Liver
Intrahepatic bile 

ducts
§

Hepatocellular
§

Cholangiocarcinoma
§

Liver
Intrahepatic bile 

ducts
§ HCC CC HCC CC

No. % No. % No. % No. % % % % %

America (Central and South)

Colombia (Cali) 458 241 52.6 156 34.1 319 69.7 139 30.3 75.5 9.7 0.0 89.9

America (North)

Canada* 11,902 8,777 73.7 2,277 19.1 9,919 83.3 1,983 16.7 88.5 4.6 0.0 91.6

US registries 140,046 106,667 76.2 21,066 15.0 123,488 88.2 16,558 11.8 86.4 5.2 0.0 88.4

Asia

Chinese registries 10,569 6,870 65.0 800 7.6 9,920 93.9 649 6.1 69.1 2.7 2.0 81.7

Indonesia (Jakarta) 85 63 74.1 <5 4.7 83 97.6 <5 2.4 75.9 2.4 0.0 100.0

Japanese registries 19,882 17,483 87.9 1,648 8.3 18,228 91.7 1,654 8.3 95.9 0.8 0.4 90.7

Korea* 160,125 134,561 84.0 18,036 11.3 138,431 86.5 21,694 13.5 97.2 1.0 0.0 76.9

Malaysia (Penang) 814 615 75.6 110 13.5 728 89.4 86 10.6 82.8 6.5 14.0 73.3

Mongolia* 422 119 28.2 <5 0.9 421 99.8 <5 0.2 28.3 0.7 0.0 100.0

Taiwan* 99,383 89,109 89.7 7,941 8.0 91,659 92.2 7,724 7.8 97.2 0.8 0.0 93.0

Thai registries 1,614 406 25.2 1,088 67.4 674 41.8 940 58.2 60.2 30.4 0.0 93.9

Turkey (Izmir) 736 588 79.9 90 12.2 625 84.9 111 15.1 94.1 0.2 0.0 80.2

Europe

Austria* 9,184 6,162 67.1 1,656 18.0 7,309 79.6 1,875 20.4 84.3 3.8 0.0 73.5

Belgium* 2,958 2,163 73.1 607 20.5 2,341 79.1 617 20.9 92.4 1.2 0.0 94.0

Denmark* 3,519 1,838 52.2 945 26.9 3,157 89.7 362 10.3 58.1 20.7 1.4 80.1

Estonia* 609 277 45.5 154 25.3 433 71.1 176 28.9 64.0 3.9 0.0 77.8

Finland* 3,434 2,086 60.7 818 23.8 2,720 79.2 714 20.8 76.7 6.3 0.0 90.8

French registries 6,500 5,337 82.1 847 13.0 5,777 88.9 723 11.1 92.4 2.4 0.0 97.6

German registries 7,034 4,996 71.0 1,241 17.6 5,580 79.3 1,454 20.7 89.5 1.8 0.0 78.3

Ireland* 811 524 64.6 226 27.9 568 70.0 243 30.0 92.3 1.8 0.0 88.9

Italian registries 24,401 20,100 82.4 2,069 8.5 22,851 93.6 1,550 6.4 88.0 3.1 0.0 87.4

Malta* 66 24 36.4 19 28.8 45 68.2 21 31.8 53.3 4.4 0.0 81.0

Netherlands* 3,557 2,674 75.2 647 18.2 2,974 83.6 583 16.4 89.9 2.6 0.0 97.8

Norway* 1,583 1,099 69.4 376 23.8 1,194 75.4 389 24.6 92.0 0.0 0.0 96.7

Polish registries 5,553 2,749 49.5 1,607 28.9 4,926 88.7 627 11.3 55.6 22.0 1.3 83.1

Portugal* 3,285 2,337 71.1 580 17.7 2,827 86.1 458 13.9 82.7 7.2 0.0 82.1

Romania (Cluj) 142 106 74.6 28 19.7 112 78.9 30 21.1 94.6 2.7 0.0 83.3

Russia (Arkhangelsk) 119 55 46.2 29 24.4 98 82.4 21 17.6 56.1 11.2 0.0 85.7

Slovakia* 125 81 64.8 38 30.4 86 68.8 39 31.2 94.2 2.3 0.0 92.3

Slovenia* 1,086 758 69.8 218 20.1 877 80.8 209 19.2 86.4 5.7 0.0 80.4

Spanish registries 7,811 6,250 80.0 987 12.6 6,813 87.2 998 12.8 91.7 2.5 0.0 82.1

Sweden* 7,044 4,005 56.9 2,245 31.9 7,044 100.0 0 0.0 56.9 31.9

Swiss registries 3,095 2,536 81.9 403 13.0 2,717 87.8 378 12.2 93.3 2.2 0.0 91.0

United Kingdom* 29,912 15,159 50.7 13,143 43.9 16,180 54.1 13,732 45.9 93.7 1.0 <0.1 94.5

Oceania

Australian registries 8,845 6,316 71.4 2,145 24.3 6,625 74.9 2,220 25.1 95.3 0.6 0.0 94.8

New Zealand* 2,031 1,403 69.1 576 28.4 1,443 71.0 588 29.0 97.2 0.7 0.0 96.3
§
, microscopically confirmed (see text); *, data with 100% coverage of the national population; 

†
, hepatocellular carcinoma: ICD-O-3 morphology codes 

8170–8175; cholangiocarcinoma: 8050, 8140–8141, 8160–8161, 8260, 8440, 8480–8500 and 8570–8572; 
††

, liver: ICD-O-3 topography code C22.0; 
intrahepatic bile ducts C22.1.


