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Iver cancer

Liver cancer is a disease in which cancer cells grow in the liver. There are two main

types of liver cancer: hepatocellular carcinoma and cholangiocarcinoma'.

The most frequent and important hepatic neoplasm is hepatocellular carcinoma
(HCC), which is a malignant tumour derived from hepatocytes. In many parts of the
world, in particular Africa and Asia, HCC poses a significant disease burden?. In these
high incidence regions, chronic infection with hepatitis B virus (HBV) is the principal
underlying cause, with the exception of Japan which has a high prevalence of
hepatitis C virus (HCV) infection. HBV vaccination has become a powerful tool in
reducing cirrhosis and HCC, but implementation is still suboptimal in several high
risk regions?. In Western countries, chronic alcohol abuse is also a major etiological

factor?.

The less frequent type of liver cancer, hepatic cholangiocarcinoma, has a different
geographical distribution, with peak incidences in Northern Thailand. There, it is
caused by chronic infection with the liver fluke, Opisthorchis Viverrini, which is

ingested through infected raw fish!.

Most cases of liver cancer are actually cancers that started in another organ
(metastases). Because of its very high blood flow and many biological functions, the
liver is one of the most common places for metastases to grow. Tumors that originally
arise in the colon, pancreas, stomach, lung or breast can spread to the liver. In this

instance, these tumors are the primary source of the liver cancer.

For that reason, the international variability in the diagnostic ability as well as in the

coding and registration practices for liver cancer (primary, intra-hepatic biliary ducts,



metastases and liver tumors of uncertain nature whether primary or secondary) makes

the interpretation of liver cancer time trends difficult®.

National cancer registries generally list HCC as “primary liver cancer”. Therefore, the

term “primary liver cancer” (PLC) will be used through the thesis to refer to HCC.
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epatitis B virus

In 1965, Dr. Blumberg who was studying haemophilia, found an antibody in two
patients which reacted against an antigen from an Australian Aborigine. Later, the
antigen was found in patients with serum type hepatitis and was initially designated
as the "Australian antigen". Subsequent study has shown the Australia Antigen to be
the hepatitis B surface antigen. Dr. Blumberg was subsequently awarded the Nobel
Prize for his discovery. Initially there appeared to be three particles associated with
hepatitis B infection: a large "complete" particle called the "Dane particle’, a small
circular 20nm particle and an oblong 40nm particle. Further research identified the
Dane particle as the hepatitis B virion and the other two particles as excess surface
protein. This former terminology is no longer used and the virus is described

according to its structure®.

Biology

HBYV is a small DNA virus belonging to the group of hepatotropic DNA viruses known
as hepadnaviruses. HBV consists of an outer envelope (see Figure 1), composed mainly
of Hepatitis B surface antigen (HBsAg), and an internal core (nucleocapsid), which
contains hepatitis B core antigen (HBcAg), hepatitis B “e” antigen (HBeAg), a DNA
polymerase/reverse transcriptase, and the viral genome. The genome consists of a
partly double-stranded circular DNA molecule of about 3200 base pairs with known
sequence and genetic organisation. In recent years, HBV variants with mutations in
viral genes and in some regulatory genetic elements have been detected in patients

with HBV infection 4.

11



Figure 1. Hepatitis B Virion, Dane particle and HBsAg.

L
Hepatitis B surface antigen M
DNA polymerase S
DMNA. {mostly double stranded), 3200 bp

Core antigens HBc, HBe

Dane particle

A
Y

100-700 nm
HBsAg

Source: Murray et. al., 20054

Geographic variability

It has been estimated that 350 million people worldwide are infected with HBV. In
areas of Africa and East Asia, 50% of the population may be seropositive, and between
5 to 15% may be chronically infected (carriers)®. All these subjects are at high risk to

develop hepatocellular carcinoma®>.

Figure 2 depicts a map of the worldwide distribution of HBsAg prevalences. High

endemic areas for HBV are found in East and Southeast Asia and Sub-Saharan Africa.

12



Europe is a low endemic area, with the exeception of Southern and Eastern European

countries, which are intermediate endemic areas.

Figure 2. Worldwide prevalence of HBsAg.

>8%
2% - 8%
<2

Source: Bosch et al, 20047

Patterns of transmission

The pattern of transmission of HBV varies depending on the geographical area. In
areas where persistent infection is highly endemic, transmission is mainly either
perinatal, from a carrier mother to her newborn, or through close contact between
children (horizontal transmission). In Asia approximately 40% of HBV carrier women
of childbearing age are also positive for the HBeAg and these mothers have a 70% to

90% chance of infecting their newborn perinatally®.
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In many developed countries (e.g. Western Europe and North America), the pattern
of transmission is different. In these countries, mother-to-infant and child-to-child
transmission accounted for up to one third of chronic infections before childhood
hepatitis B vaccination programmes were implemented. However, the majority of
infections in these countries are now acquired during young adulthood by sexual

activity, and injecting drug use.

Natural History

Infection acquired perinatally and in early childhood is usually asymptomatic.
Approximately 30% of infection among adults present as icteric hepatitis and 0.1-
0.5% develop fulminant hepatitis. Infection resolves in > 95% of adults with loss of
serum HBsAg and the appearance of anti-HBs. Chronic infection is characterised by
the persistence of HBsAg and anti-HBc, and by serum HBV-DNA levels detectable for

more than 6 months using non-polymerase chain reaction (PCR) based assays?.

Chronic HBV infection presents as one of three potentially successive phases known
as Immunotolerant, immunoactive, and low- or non-replicative. In the
Immunotolerant phase, serum HBsAg and HBeAg are detectable; serum HBV-DNA
levels are high; and serum aminotransferases normal or minimally elevated. In the
immunoactive phase, serum HBV-DNA levels decrease and serum aminotransferase
levels increase. During this phase, symptoms may appear and flare-ups of
aminotransferases may be observed. In some patients, these flare-ups are followed by
HBeAg-anti-HBe seroconversion. The non-replicative phase follows with HBeAg-
antiHBe seroconversion. HBV replication persists but at very low levels being
suppressed by the host immune response. This phase is also termed the ‘inactive
HBsAg carrier state’. It may lead to resolution of HBV infection where serum HBsAg
becomes undetectable and anti-HBs is detected. In some patients HBeAg

seroconversion is accompanied by the selection of HBV variants that are unable to
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produce HBeAg. A proportion of these HBeAg negative patients may later develop

higher levels of HBV replication and progress to HBeAg negative chronic hepatitis®.

The ‘inactive HBsAg carrier state’ is characterised by HBsAg and anti-HBe in serum,
undetectable HBeAg low or undetectable levels of HBV DNA, and normal serum
aminotransferases. Histology shows little or no necro inflammation and mild or no
fibrosis (although inactive cirrhosis may be present if transition to an inactive carrier
state occurred after many years of chronic hepatitis). The prognosis of the carrier state
without cirrhosis is usually benign; but 20-30% of patients may undergo reactivation
of hepatitis B. Acute flares of hepatitis are usually due to reactivation of HBV
replication but can occur with superinfection with other hepatotropic viruses (such as
HCV) or other causes of acute liver disease (e.g. drug toxicity, alcohol abuse). Some

patients may develop HCC without cirrhosis, albeit less frequently.

In Western countries, about 1-2% of carriers become HBsAg negative each year; in

endemic areas the rate of HBsAg clearance is lower (0.05-0.08% per year)®.

Treatment

Hepatitis B can present as an acute, fulminant disease or in an asymptomatic chronic
carrier. There is no recommended therapy for acute hepatitis but Lamivudine has
been used in some cases. The treatments discussed here are for chronic hepatitis B

which by definition is a persistently positive HBsAg for greater than six months.

Treatment is recommended for people with positive HBsAg and elevated alanine
aminotransferase (ALT) and viral DNA levels. The treatment goal is to achieve
seroconversion of HBsAg, which is rare, or loss of HBeAg which would mean less

viral infectivity. Hopefully, this in turn would lead to lower risk of cirrhosis and liver
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cancer. The two most commonly used treatments are Alfa Interferon (IFN) and

Lamivudine’.

IFN is a family of naturally occurring small proteins and glycoproteins which are
products of immune cell response to a viral infection. The mechanism of action is
unknown. It is thought that it inhibits viral replication, inhibits viral attachment,
induces proteases or amplifies cytotoxic T-cell levels. Therefore, people lacking
competent or with under developed immune systems do not response well to IFN.
Subjects with high ALT and low pre-treatment viral DNA levels reflecting a good
endogenous immune responses have a good prognosis with IFN. There is a loss of

HBeAg and viral DNA in 20-40% of cases, and loss of HBsAg in 5-10%”.

The other main treatment for HBV consists of nucleoside analogues, such as
Lamiduvine. This treatment last has been tested in patients with chronic HBV in long
term trials. There are now data on use of Lamivudine for up to four years®. In the
initial study,100 mg per day of Lamivudine was given for one year. There was 72%
normalization of ALT, 16% HBeAg loss or conversion and 55% improvement in
histology. A two year study revealed 27-38% HBeAg loss with 52% undectable DNA.
A three year study revealed 40% HBeAg loss, and a four year study revealed 47%
HBeAg loss. The seroconversion of HBeAg is greater if ALT is more than 2-fold times
normal levels. The side effects of long-term use are minimal with respect to

pancreatitis and lactic acidosis’.

Vaccination
Hepatitis B vaccine, if given before exposure, can prevent infection and disease in

almost all individuals. The vaccine is highly effective when included in the infant

immunization schedule, although it can be used at any age. By the year 2003, 138
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countries (43% of the globe) had included HBV vaccination in their national infant
immunization programs (Figure 3)°.

Two types of hepatitis B vaccine exist, namely plasma-derived vaccine and
recombinant DNA-derived vaccine!!. Immunity in individuals given the recombinant
DNA vaccine can be boosted with plasma-derived vaccine and vice versa.
Seroconversion rates with the two vaccines are comparable. Plasma-derived vaccines
have been shown to be safe, and transmission of HBV and other viruses, including the
human immunodeficiency virus (HIV) and hepatitis C virus (HCV), has not been

documented following extensive surveillance!'.

Figure 3. Countries using hepatitis B vaccines in their national infant immunization system
(December 2003).
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Source: World Health Organization. Infant Hepatitis B immunization programs.
http://www.who.int/vaccines-surveillance/graphics/htmls/hepb.htm!°

In industrialized countries, hepatitis B virus is the major infectious occupational

hazard of health workers, and most health care workers have received hepatitis B
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vaccine!?. Most industrialized countries screen every pregnant women for HBsAg, and
treat infants of carrier mothers with specific hyperimmune globulin and hepatitis B

vaccinel3!4,
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epatitis C virus

After the discovery of the HBV virus, in the early 80s the hepatitis A virus was
identified and testing for the antibodies became available. There were many patients
with neither hepatitis A nor B who were then called "non-A non-B" hepatitis. Since
some patients seemed to develop hepatitis after a blood transfusion, some health care
workers referred to this type of hepatitis as "post transfusion" hepatitis. The HCV was
cloned in 1989 and testing became available in early 1990. Many of the patients
previously diagnosed as either non-A non-B or post transfusion hepatitis were
retested, (or stored serum was tested) and found to have hepatitis C3. At present,
hepatitis C is recognized as one of the most common types of hepatitis with up to 2%

of the population being seropositive'.

Biology

HCV is a single-stranded RNA virus in the Flaviviridae family. The genome is
approximately 10,000 nucleotides and encodes a single polyprotein of about 3,000
amino acids. The structure of the hepatitis C virus is unknown; however, based on 3-
D structures of related viruses, it is hypothesized that the virion is composed of an
icosahedral lipid membrane with 2 glycoproteins (termed E1 and E2) that form

heterodimers* (see Figure 4).
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Figure 4. Proposed structure of the hepatitis C virus.
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Inside the viral membrane is thought to be an icosahedral nucleocapsid. The
polyprotein is processed by host cell and viral proteases into three major structural

proteins and several non-structural protein necessary for viral replication*.
Geographic variability

It has been estimated that approximately 123 million people worldwide are infected
with HCV®. Anti-HCV antibodies are found in 15-80% of HCC patients, depending
on the patient population studied. HCV appears to be a major cause of HCC in Japan,

Italy and Spain, but it seems to play a less important role in South Africa and Taiwan'.

Although HCV is endemic worldwide, there is a large degree of variability in its

geographical distribution, as Figure 5 shows. Countries with the highest reported
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prevalence rates are located in Africa and Asia; areas with lower prevalence include
the industrialised nations in North America, northern and western Europe, and
Australia. Populous nations in the developed world with relatively low rates of HCV
seroprevalence include Germany (0.6%), Canada (0.8%), France (1.1%), and Australia
(1.1%)%. Low, but slightly higher seroprevalence rates have been reported in the USA

(1.8%), Japan (1.5-2.3%), and Italy (2.2%)".

Figure 5. Worldwide prevalence of HCV infection.
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Figure: Estimated prevalence of HOV infection by WHO region

Source: Sheppard et al, 2005%.
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Patterns of transmission

HCV and HBV share similar routes of transimission. HCV is spread primarily by
direct contact with human blood. Transmission through blood transfusions that are
not screened for HCV infection, through the reuse of inadequately sterilized needles,
syringes or other medical equipment, or through needle-sharing among drug-users, is
well documented. Sexual and perinatal transmission may also occur, although less

frequently’®.

In both developed and developing countries, high risk groups include injecting drug
users, recipients of unscreened blood, haemophiliacs, dialysis patients and persons
with multiple sex partners who engage in unprotected sex. In developed countries, it
is estimated that 90% of persons with chronic HCV infection are current and former
injecting drug users and those with a history of transfusion of unscreened blood or

blood products®.

In many developing countries, where unscreened blood and blood products are still
being used, the major means of transmission are unsterilized injection equipment and
unscreened blood transfusions'¢. In addition, people who use traditional scarification

and circumcision practices are at risk if they use unsterilized tools.

Natural History

HCV-associated HCCs typically develop after 20-30 years of infection and are
generally preceded by liver cirrhosis!. However, the natural history of chronic HCV
infection can vary dramatically between individuals. Some will have clinically
insignificant or minimal liver disease and never develop complications!’. Others will
have clinically apparent chronic hepatitis. Of these, some go on to develop cirrhosis,

although the proportion is unknown. About 20% of individuals with hepatitis C who
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develop cirrhosis will develop end-stage liver disease. Cirrhosis caused by hepatitis C
is presently the leading indication for liver transplantation in the United States.
Individuals with cirrhosis from hepatitis C are also at an increased risk of developing

hepatocellular carcinoma'.

About 85% of individuals acutely infected with HCV become chronically infected.
Hence, HCV is a major cause of chronic (lasting longer than six months) hepatitis.
Once chronically infected, the virus is almost never cleared without treatment. In
rare cases, HCV infection causes clinically acute disease and even liver failure,

however, most instances of acute infection are clinically undetectable3!81°,

Treatment

Antiviral drugs such as interferon taken alone or in combination with ribavirin, can
be used for the treatment of persons with chronic hepatitis C, but the cost of
treatment is very high!'*'8. Treatment with interferon alone is effective in about 10%
to 20% of patients. Interferon combined with ribavirin is effective in about 30% to

50% of patients. Ribavirin does not appear to be effective when used alone's®.

There is no vaccine against HCV. Research is in progress but the high mutability of
the HCV genome complicates vaccine development. Lack of knowledge of any
protective immune response following HCV infection also impedes vaccine research.
It is not known whether the immune system is able to eliminate the virus. Some
studies, however, have shown the presence of virus-neutralizing antibodies in patients

with HCV infection!’.

Several different genotypes of HCV with slightly different genomic sequences have
been identified that correlate with differences in response to treatment with

interferon’.
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hesis motivation

At the beginning of the 21% century, PLC remains as the fifth most common
malignancy in men worldwide, and ranks eighth in women?. At the end of the 20%
century increase of both incidence and mortality from PLC was detected in some
developed countries, which was related to a dominant cohort effect associated with
previous HCV exposures?. However, the role of HBV infection in the development of
PLC in these areas has been also established through cohort studies among HBV

carriers?.

In Catalonia, Drs. Ribes and Bosch of the Catalan Institute of Oncology carried out in
the 90s a retrospective cohort study of 2,206 HBV carriers in the area of Barcelona, for
which I was incorporated as a statistician in 1999. By 2003, with a mean follow-up of
20 years, there was determined an excess risk of mortality from PLC in men
(Standardized Mortality Ratio (SMR): 14.1) and from liver cirrhosis for both sexes
(SMR men: 10.5; SMR women: 7.2)?!. There was high variability in relative risks (RR)
of death from PLC among cohort studies carried out in different geographic areas
(RRs range of variability: from 5.3 to 148)2. In order to explain the heterogeneity in
RRs, an investigation into the geographic variability of PLC was initiated. This

analysis was the beggining of this thesis.

The first objective of this thesis was to determine the sources of heterogeneity which
led to variability in PLC risk in cohort studies among HBV carriers. Three of these
studies were carried out in different European countries (U.K.?>?, Italy?** and Spain?!).
Geographic variability in the PLC incidence and mortality among European countries
had been previously described?, although the joint effect of both HBV and HCV
prevalences in the incidence and mortality from PLC in Europe had not been

established.
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The second study of this thesis was performed with the aim to determine the role of
HBV and HCV prevalences in the heterogeneity of PLC rates among European
countries. High incidence and mortality rates from PLC were observed in some of
these countries during the period 1978-92%. The increase of incidence rates in France
and Italy, two Southern European countries, was related with HCV infection®.
However, in Spain, a Southern European country with similar incidence rates and
with similar HBV and HCV prevalences as those countries, no increase in PLC

incidence was detected in that period?.

The third study was performed under the hypothesis of similar pattern of PLC risk in
Southern European countries. The aim of this last study was to evaluate the time
trends of mortality and incidence rates due to PLC and chronic liver disease in Spain,
during the most recent time period for which incidence data were available (period

1983-97).
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hesis

This thesis presents three studies for which the main objective is to describe PLC
incidence and mortality in different geographic areas. Each one of these studies covers
both epidemiological and methodological aspects. For each study, different statistical
methods on the basis of the Bayesian inference have been proposed, evaluated and

discussed.

A review of liver cancer epidemiology is presented in Chapter 1, providing the basis

for the objectives and aims for each of the studies, which are detailed in Chapter 2.

Chapter 3 presents the first study, entitled “Meta-analysis of cohort studies of risk of
liver cancer death among HBV carriers. This study has evaluated the effect of
geographic area and study design on the variability in PLC mortality reported in
several cohort studies of male HBV carriers. The statistical methods of this study have
been focused on mixtures of probability distributions. Those methods have allowed

the identification of the sources of heterogeneity in RRs.

Chapter 4 presents the second study entitled “Geographic distribution of primary liver
cancer in Europe in 2002”. This study is a geographic analysis of risk of PLC incidence
and mortality in 38 European countries during 2002. By means of random effects
models, PLC maps of incidence and mortality risks in Europe were obtained, taking

into account the joint effect of both HBV and HCV seroprevalences on these risks.

The last study, in Chapter 5, entitled “Time trends in liver disease in Spain during the
period 1983-97”, describes incidence and mortality trends in hepatocellular carcinoma
and cholangiocarcinoma jointly with mortality trends in liver cirrhosis in Spain. The

statistical analysis involves autoregressive age-period-cohort models.
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A general discussion of the three studies is presented in Chapter 6, whereas Chapter 7

concludes the thesis with the global conclussions of the three studies.
WinBUGS code for the statistical models, simulation analyses for prior distributions of

the models and a subanalysis of the time trends of PLC in Spain have been also

included in the Appendix.
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hapter 1



1. Epidemiology of primary liver cancer




Incidence of primary liver cancer

For the year 2002 it has been estimated that some 626,241 new cases of primary liver
cancer (PLC) occurred worldwide, corresponding to 442,149 in men and 184,092 in

women?,

Table 1.1. Estimated number of new cases and PLC incidence rates by sex and geographical
area for the year 2002.

Men ‘Women
Geographical Area N AAIRs N AAIRs
World 442,149 15.7 184,092 5.8
Developed countries 74,253 85 36,151 3.0
Developing countries 365,923 18.4 147,210 7.1
Africa
Eastern 14,012 21.1 6,267 8.6
Central 7,744 27.8 4571 13.4
Northern 2,351 4.2 1,442 2.2
Southern 1,072 7.0 469 25
Western 10,637 15.3 4,162 5.6
Asia
Eastern 297,014 36.9 113,172 13.3
South-Eastern 35,691 18.3 12,221 5.7
South-Central 14,536 2.6 8,374 1.4
Western 3,051 4.6 1,480 2.0
Pacific Islands ° 400 12,5 196 5.1
Europe
Eastern 9,674 5.3 6,754 2.4
Northern 2,531 34 1,663 1.7
Southern 14,021 11.6 6,497 4.0
Western 9,077 6.2 3,401 1.7
Americas
Caribbean 1,433 8.2 911 45
Central 2,197 4.9 2,503 4.9
Southern 5,036 3.7 4,616 2.8
Northern ® 11,058 5.3 5,152 1.9
Australia & New Zealand 622 3.9 239 1.3

Source of data: Globocan 200220
2Melanesia, Micronesia and Polynesia; ® United States and Canada; AAIRs: Age Adjusted Incidence Rates
(world-standard population) per 100,000 person-years;

33



Table 1.1 presents the estimated number of PLC cases per year and the age-adjusted
incidence rates (AAIRs) per 100,000 person-years by sex and geographic area. The
data have been obtained through Globocan 2002%, which presents a combined
analysis of reports from the population-based cancer registries and the World Health
Organization Mortality Databank?”. In men, the highest AAIRs are located in Eastern
Asia (AAIR: 36.9), followed by Central (AAIR: 27.8) and Eastern (AAIR: 21.1) Africa,
whereas the lowest rates are found in South-Central Asia (AAIR: 2.6), Northern
Europe (AAIR: 3.4) and Southern America (AAIR: 3.7). Southern Europe, where
Spain is located, presents intermediate rates (AAIR: 11.6). The corresponding

distribution of AAIRs among women follows a similar geographical pattern.

Figure 1.1 depicts the worldwide distribution by country of the AAIRs as annual
averages per 100,000 in men®. The standard population used for adjustment is the
world standard, which tends to increase rates in countries with young populations
and to decrease rates in countries with older populations with respect to the crude

rates.

Figure 1.1. Geographical distribution of the PLC AAIRs among men.
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AAIRs: Age Adjusted Incidence Rates of PLC per 100,000 person-years.
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Age-specific incidence rates

In the most high risk areas, such as Southeast Asia (Qidong in China) or the West
Coast of Africa (Bamako in Mali), PLC rates increase after 20 years of age and peak or
stabilize at the age 50 and above (Figure 1.2). In these countries PLC is not a rare
event at ages 20 to 35. Still the incidence in Qidong is substantially higher at each age
group than the corresponding incidence in Mali -a high risk country in Africa- and

the mean age of occurrence is significantly shifted towards younger age groups?”.

Figure 1.2. PLC AAIRs in men in selected high risk populations.
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A second pattern is observed in high risk countries or regions that have recently
experienced substantial degrees of development. For example in the Shanghai Cancer
Registry, rates are lower than the corresponding rates in Qidong and the age-specific

incidence increases steadily with age, a pattern similar to that usually observed in low
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risk areas. In the Osaka Cancer Registry in Japan, the incidence among men increases

after the age range 45 to 50 and reaches a plateau at 65 years of age?® and above.

Figure 1.3 shows the AAIRs of PLC among men in selected European countries and
ethnic groups in the U.S. The higher global risk in the Mediterranean countries in
Europe is reflected in all age groups, most notably in the elderly. The age specific
pattern among non-Hispanic White populations in the U.S. is similar to that observed
in Europe. Hispanic Whites in the U.S. show a peculiar trend with steep increases
after age 60, without a clear explanation of the risk factors that operate in these

groups of older migrants?®2°.

Figure 1.3. AAIRs of PLC in men in selected populations in Europe and in the U.S.
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Sex ratios

It has been reported that the correlation between AAIRs of PLC in men and women is
extremely high in European cancer registries (Correlation Coefficient = 0.953,
p<0.001, see Figure 1.4)3°. Worldwide, the range in the sex ratio of AAIRs is 1.3 to 3.6
20, which reflects the excess of PLC incidence among men compared to women. In
high risk countries, sex ratios tend to be higher, and the male excess is more
pronounced below 50 years of age. Migrant populations also show a shift in the sex
ratio values. Japanese populations in the U.S. show a fairly steady sex ratio between 2
and 3 in the age groups above 50, whereas Japanese populations in Japan show excess
risk between 3 and 5 in the same age groups. In the age groups below 50, the sex
ratios of PLC among Japanese in Japan range between 7 and 10. Among Japanese in
the U.S., the incidence of PLC among women below age 50 is very rare and the sex
ratio calculations are unreliable?. In populations with low incidence, the highest sex

ratios occur later, at around 60-70 years of age3!.

Figure 1.4. Correlation between estimated PLC AAIRs in men and women.

14
TFY
12 GRE
ITA
c
o 10
S
£
AUT
o FRA u YUX
< 8 SVK
< SPA
O
| Swi CzH HUN
e 6 BIH
RUs ALB
CURIEJR BUL POL
POR LVI;EAST - DEN Mo FIN
4 LUX ICE U i ROM
SUN DEU
IRE
BEL UNK
2 NOR
NET MAT
O ~ ~ -
1 Z 3 4 2

PLC AAIR in women

37



A satisfactory biological explanation for the observed sex ratio has not been identified.
Several hypotheses have been investigated, including the interaction of testosterone
with the HBV cycle or the impact of sex-specific exposures such as alcohol or tobacco

in some cultural environments3233,
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Mortality from liver cancer

Table 1.2 shows age-adjusted PLC mortality rates (AAMRs) obtained through
Globocan 2002%. In spite of the limitations of mortality data, AAMRs follow a
geographical pattern consistent with incidence data?*?” (7able 1.1). PLC is a highly
lethal tumor with an annual fatality ratio around 1, indicating that most cases do not
survive one year. In Europe for the period 1990-19993 and in the U.S. for the period
1995-2000%, population-level PLC survival rates were analyzed using data from
population-based cancer registries. The five-year relative survival rates (mortality
from PLC adjusted for mortality from competing causes) were 6.5% and 8.3%
respectively. There is little difference in survival rates according to sex, suggesting a
similar distribution of stage at diagnosis. In developing countries PLC is inevitably

fatal.
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Table 1.2. Estimated number of deaths and PLC mortality rates by sex and geographical area

for the year 2002.
Men ‘Women

Geographical Area N AAMRs N AAMRs
World 416,926 14.9 181,486 5.7
Developed countries 71,153 8.0 38,083 3.0
Developing countries 343,956 17.4 142,728 6.9
Africa

Eastern 13,805 20.8 6,180 8.5

Central 7,613 27.3 4,495 13.2

Northern 2,318 4.1 1,420 2.2

Southern 1,026 6.7 450 24

Western 10,454 15.1 4,093 55
Asia

Eastern 272,778 339 104,715 12.3

South-Eastern 33,514 17.2 11,555 5.4

South-Central 13,873 25 7,969 1.4

Western 2914 44 1,466 2.1
Pacific Islands * 190 4.9 379 12.1
Europe

Eastern 10,670 5.8 7,839 2.7

Northern 2,401 3.1 1,809 1.8

Southern 12,518 10.1 7,011 4.1

Western 10,546 6.9 4,692 2.2
Americas

Caribbean 1,499 85 1,049 5.2

Central 2,975 6.7 3,420 6.7

Southern 7,845 5.8 7,519 4.6

Northern ® 9,229 44 5,319 1.9
Australia & New Zealand 573 3.5 292 15

aMelanesia, Micronesia and Polynesia; ® United States and Canada;
AAMRs: Age adjusted mortality rates (world-standard population) per 100,000 person-years.
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Liver cancer in ethnic groups and migrant populations

Cancer registries in the U.S. report the incidence of PLC by ethnic origin. The lowest
incidence rates are consistently found among Caucasian Whites (3.8 in men and 1.4 in
women). Gradually increasing rates are found in Japanese (5.5 in men and 4.3 in
women), Black (7.1 in men and 2.1 in women), Hispanic White (9.8 in men and 3.5 in
women), Filipino (10.9 in men and 2.4 in women), Chinese (16.2 in men and 5.0 in
women) and Korean (20.7 in men and 10.4 in women) ethnic groups. Among women,
the high risk ethnic groups present a 2 to 5-fold higher PLC AAIRs than the rates
observed in non-Hispanic White women?®. Several studies have been conducted
among migrant populations comparing their PLC mortality rates to the rates of the
host population. 7able 1.3 summarizes most of the published studies in which country
of origin is usually a high risk area and the host population rate is taken as a

reference3-41,

Table 1.3. Relative risks of death due to PLC in migrant populations as compared to host
populations.

Host Region Region of Origin RRmen RR women RR both sexes
U.s. China 33-109 1.1-43 -
Canada China 7.7-105 25-3.0 -
Australia China 52 2.6 -

East Asia - - 8.9

Southeast Asia - - 10.0

Near East 25 0.3 -
France East Asia 1.3 3.3

Southeast Asia 25 1.6 -
England & Wales West African 31.6 5.4 -

East African 1.1 1.8 -

Caribbean 5.3 3.2 -

RR: Relative Risk
Source of data: Hanley AJ er al 1995%, Khlat M et al. 1993%, Bouchardy C er al. 1994%, Fang | er
al. 1996%, Grulich AE er al 19924, McCredie M er al. 19994
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Among men, a 1.3 to 10.9-fold excess of PLC mortality is observed among Asian
migrants to North America, Australia or Europe. A 31.6-fold higher risk has been
reported among West African migrants to England & Wales and a 5.3-fold higher
mortality rate among Caribbean migrants. Among women, perhaps due to the small
number of deaths, the results of these studies are not consistent, and the excess of PL.C

mortality among migrants ranges from 1.1 to 5-fold3¢-3941,
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Trends in PLC incidence and PLC mortality rates

During the last two decades, increases in PLC incidence rates have been reported in
Australia, Central Europe?#, the United Kingdom*, Japan*, and North America®*.
Decreasing trends were reported from Chinese populations in Singapore and
Shanghai, India, Sweden and Spain?. In a study conducted during 1976 to 2003 in the
U.S., the consistency in PLC trends was investigated using three different sources of
information: liver cancer hospitalization rates, incidence rates from cancer registries
and mortality data®>#. In this study significant increasing trends were found for Black,
White and Hispanic populations. Analyses of the components of the time trends

suggested a predominant cohort effect*>.

International trends in PLC mortality have also been evaluated. Among males,
increases in mortality from PLC have been reported in the U.S., Japan, Australia,
Scotland, France and Italy, while decreasing trends have been reported in the U.K.47-4.
Trends among women are largely similar. Increases in cholangiocarcinoma have also
been reported in the U.S., Japan, England and Wales, Australia, Spain and Scotland,

and among women in the U.S., Australia and England and Wales*#30,

However, international variation in diagnostic ability as well as in the coding and
registration practices for PLC (primary, intrahepatic biliary ducts, metastases and liver
tumors of uncertain nature as if primary or secondary) makes the interpretation of
long-term time trends difficult. 7able 1.4 shows coding recommendations for liver
disease from the 8th to 10th revisions of the International Classification of Diseases
(ICD). For PLC and liver metastasis those changed slightly from the 8" to the 9%
revisions of the ICD implemented after 1965 and 1975 respectively®>2. In 1992 the
10® revision®® was introduced with major changes including codes for hepatoblastoma
(C22.2), angiosarcoma (C22.3), other liver sarcomas (C22.4) and other inespecified

carcinomas (C22.7).
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Table 1.4. Coding recommendations for liver disease from 8% to 10% revisions of the
International Classification of Diseases (ICD)3!-53

ICD-8 ICD-9 ICD-10

Primary liver cancer 155.0 155.0 C22.0
Intrahepatic bile duct (cholangiocarcinoma) 155.1 155.1 C22.1
Hepatoblastoma - - C22.2
Angiosarcoma - - €223
Other liver sarcomas - - C22.4
Other unspecified carcinomas - - C22.7
Liver tumor unspecified if primary or secondary 197.8 155.2 €229
Gallbladder 156.0 156.0 C23
Extrahepatic bile duct 156.1 156.1 C24.0
Ampulla of Vater 156.2 156.2 C24.1
Overlapping lesion of billiary tract 156.8 156.8 C24.8
Billiary tract, NOS 156.9 156.9 C24.9
Liver, specified as secondary 197.7 197.7

Liver cirrhosis 571 571 K74

NOS: Not specified ; ICD-8: International Classification of Diseases, 8% revision; ICD-9: International
Classification of Diseases, 9! revision; ICD-10: International Classification of Diseases, 10* revision.

Therefore, if properly done, in countries with developed health systems the
predictable impact of changing codes for liver cancer should be, if any, a small
reduction in incidence as a result of decreasing the number of liver metastases
misclassified as PLC. For the majority of high PLC risk countries, the relative impact
of diagnostic ability, including access to medical care as well as technology, should be

considerably more important than the variability attributed to coding practices.

Another source of variability in the health statistics is inter-country differences with
regard to the number of entries from death certificates that are routinely extracted
and coded. In some countries several diagnoses are processed and additional rules
apply in the assignment of the cause of death>. This is particularly important in PLC
because of the high frequency of concurrent liver cirrhosis (over 90% in most

populations) and its clinical complications, many of which can lead to an immediate
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cause of death. These sources of variability should be considered when time trends are

calculated and international comparisons are to be made.

Of particular concern in some countries is the likely impact of migrants from high
risk countries. These populations are often visible in the health system at the time of
diagnosis, but are less likely to be counted in the census, and constitute an important

component of the number of PLC cases3:37:3%-41,

45



Risk factors for liver cancer

The etiology of PLC has been largely established, and 7able 1.5 shows current
estimates of the attributable fractions for the main risk factors by three geographic
areas’®. In developing countries a predominant role of HBV infection in the
development of PLC has been described, whereas in developed countries PLC arises in
cirrhotic livers due to HCV infection or alcohol intake®. The role of each risk factor

will be described in subsections that follow.

Table 1.5, Risk factors of PLC and estimates of the univariate attributable fractions (%).

Europe & U.S. Japan Africa & Asia

Estimate Range  Estimate Range  Estimate Range
Hepatitis B Virus 22 4-58 20 18-44 60 40-90
Hepatitis C Virus 60 12-72 63 48-94 20 9-56
Alcohol 45 8-57 20 15-33 -- 11-41
Tobacco 12 0-14 40 9-51 22 -
Oral Contraceptives -- 10-50 -- -- 8 -
Aflatoxin Limited exposure Limited exposure Important exposure
Other risk factors <5 - - - <5 -

Sources of data: Llovet et a/>5 and Bosch er a/?

Hepatitis viruses

Overall 75 to 80% of the PLC cases can be related to persistent viral infections with
either HBV (50-55%) or HCV (25-30%)>”. Worldwide, strong geographic correlations
have been found between the incidence of PLC and the prevalences of hepatitis B
surface antigen (HBsAg) (correlation coefficient: 0.67, p<0.001) or hepatitis C virus

antibody (anti-HCV) (correlation coefficient: 0.37, p<0.001)%.
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The role of chronic infection with HBV in the etiology of PLC is well established.
Cohort studies conducted worldwide yielded relative risk estimates of 5.3 — 148, with
the highest values reported from China and Taiwan?!-2°872, Age at HBV infection is a
key determinant of the risk. In developed areas at low risk of PLC, HBV acquisition
at birth or during childhood is rare and most of the viral infections are acquired in
adolescence or adulthood, through sexual contacts, blood transfusions or other
invasive procedures under non sterile conditions”. In these populations, the impact of
cofactors such as alcohol and tobacco is reflected only in the incidence of PLC in the
most advanced age groups. In contrast, mother-to-child HBV transmission and HBV

exposures in the first years of life are typical of most of the high risk countries.

More specifically, one possible explanation for the differences in incidence rates in
China and West Africa, may be related to age at infection. In many Asian countries,
there is a high prevalence of HBsAg carrier mothers who also express Hepatitis B “e”
antigen (HBeAg) and remain HBV-DNA positive throughout the reproductive years’*
76, In high risk areas in Africa, the mother-to-child transmission rate is somehow
lower and the child-to-child mode of transmission predominates. The impact of co-

factors, perhaps with the exception of Aflatoxin, is likely to be marginal in the high

risk countries.

The reduction of risk observed in migrants to lower-risk host populations probably
reflects a combination of the reduction in the mother-to-child transmission of HBV
linked to mixing populations, the reduction of exposure to contaminated blood
products during medical interventions or other invasive medical or ritual procedures,
the lower prevalence of HBV (and possibly HCV) among siblings and, more recently,

the impact of the massive introduction of HBV vaccines.

Iatrogenic exposures to HCV during massive public health interventions have been

demonstrated and the subsequent risk of PLC is now being expressed. Figure 1.5

shows the prevalence of HCV antibodies in three populations by age groups: the
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Japanese population, the U.S. population and in the general population in Egypt’”78.
The sets of data are consistent with predominant cohort effects. In Japan, increasing
PLC incidence and mortality trends since the early 1970s have been related to
exposure of the population to HCV. In Japan the cross sectional HCV antibody
prevalence decreases with younger age (cohort effect)’. In the U.S., the predominant
cohort component of the increases in PLC incidence and mortality have been
interpreted as a long term consequence of important HCV exposure in the period
1960-70 through contact with contaminated blood and syringe exchange in the
relevant generations”. It is predictable that the number of PLC cases generated by the
pool of HCV carriers will continue to increase for some time in the U.S.. The impact
of the introduction of generalized HCV testing of blood products and the public
awareness of the risks of HCV linked in part to the Acquired Immune Deficiency
Syndrome (AIDS) education campaigns, should result in lower HCV related liver

cancer in the more distant future.

In Egypt, a documented epidemiological study traced the source of the infection to
the massive treatment campaigns against schistosomal infestation conducted in the
interval 1920-1970 in the general population. The treatment typically included
several courses of intramuscular or intravenous drugs against schistosoma that were
delivered under non-sterile conditions®. The HCV antibody prevalence in the
population is one of the highest registered and is consitently high accross age-groups

(Figure 1.5)7.
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Figure 1.5. Hepatitis C virus antibody prevalence by age groups in three countries.

70
60 1 Ous.
50 -
40
30 -
20 A
10 |

M Japan
M Egypt

Prevalence of anti-HCV (%)

5 10 15 20 25 30 35 40 45 50 55 60 65 >65

Age-specific group
Reproduced from: Bosch er 272005 2

Figure 1.6 shows the impact of the two viral types in liver cancer in Japan and the
United States. Figure 1.6A shows the increased number of deaths from PLC in the
interval 1975-92 in Japan. While the prevalence of HBV related PLC remains fairly
constant over the period, the bulk of the increase seems to be related to HCV-linked
PLC?. In the United States the number of hospitalized PLC cases linked to HCV has
increased dramatically compared to HBV-related or alcohol-related PLC cases in the

period 1993-1998 (Figure 1.6BF.
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Figure 1.6. Temporal trends in age-adjusted PLC hospitalization rates in the U.S. and time
trends in PLC mortality rates in Japan by cause.
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More precise estimates of the relative contribution of viral infections to PLC
incidence are provided by the introduction of more advanced detection methods in
epidemiological studies. A large collaborative study in Europe, using polymerase chain
reaction technology found that among those PLC cases that were negative for HBsAg
or anti-HCV an additional 33% were positive for HBV DNA and 7% positive for HCV
RNAS®,. This observation has been repeatedly confirmed and the trend suggests that in
countries where HBV is common, the presence of HBV DNA among HBsAg negative
PLC cases is higher than that found in European cases. A meta-analysis on viral
factors and PLC reported summary odds ratios (OR) for HBsAg status (positivity or
negativity) combined with anti-HCV or HCV RNA status (Table 1.6), suggesting a

synergism of the two viral infection in the causation of PLC8.
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Table 1.6. Odds Ratios and their 95% confidence intervals for viral factors and PLC risk.

anti-HCV or HCV RNA

Negative Positive
OR (95% CI) OR (95% CI)
Negative Reference 17.3 (13.9 - 21.6)
HBsAg
Positive 22.5(19.5 - 20.6) 165 (81.2 - 374)

OR: Odds Ratio; 95% CI: 95% Confidence Interval;
Source: Donato et al., 199884

The impact of variants of HBV or HCV is now being described. There is substantial
international variability in the prevalence of specific viral genotypes, and there is
some evidence that genotypes may modulate the risk of progression to severe liver
disease and probably PLC?. Of the HBV types described, type A is predominant in the
U.S. and the Caribbean, type D in Europe and in the Middle East, and types B and C
predominate in Asia. In Africa, types A, C and D are equally prevalent®. Likewise, the
prevalence of type 1b of HCV in PLC cases ranges from 50% in England and Germany
to 70-90% in Italy and Spain®.

This geographic variability among variants of HBV could partially explain the
heterogeneity in RRs of PLC observed in studies of HBV carriers. This hypothesis

should be investigated taking into account effects of study design.

The heterogeneity of HBV and HCV variants warrants research describing how the
natural history of these variants may affect viral spreading and carcinogenesis. In
previous cohort studies of HBV carriers high variability between RRs of PLC has been
observed. This heterogeneity could be explained by geographical variability in those

variants.
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In addition, research on HBV and HCV variants could evaluate their potential impact

in modifying responses to the HBV vaccines currently employed.

Aflatoxins

PLC has been related to aflatoxin exposures in human diets in countries where fungal
infestation of crops and animal feed are common. Studies that used aflatoxin/albumin
adducts, aflatoxin M1 in urine, aflatoxin-N7-Guanine adducts in urine or p53 specific
mutations (G to T transversions at codon 249), tend to indicate that individuals who
are carriers of persistent HBV infection and who are exposed to aflatoxins in their
diets have an increased risk of progression to PLC as compared to non-aflatoxin
exposed HBV carriers. A similar interaction with chronic HCV has not been
documented®. The evidence is, however, limited to a few studies and not fully
consistent’®. The impact of aflatoxin exposure in the absence of viral infections has

been difficult to document.

Alcohol and tobacco

Chronic alcohol abuse and alcoholic cirrhosis have long been recognized as a cause of
PLC. However, it is not certain whether alcohol is a true carcinogen or if it acts as a
co-factor in the presence of coexistent infection with HBV and/or HCV. Several
epidemiological studies among alcoholics have described a high prevalence of HBV
markers (16-70%) and of HCV markers (10-20%) as compared to a background
prevalence of close to 5% and less than 1% respectively. These prevalences are even
higher in PLC patients who are also alcoholics (27% to 81% of HBV markers and 50-
77% of HCV markers) suggesting a complex interaction between alcohol and viral
infections in the etiology of PLC#. Studies conducted in Northern Italy and Greece
estimated that the attributable fraction (%) for high levels of alcohol consumption,

once adjusted for HBV and HCV status, were 45% in Italy® and 15% in Greece®.
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The association between cigarette smoking and PLC has been suggested from the
results of some epidemiological studies, notably in Japan. The evidence is, however,
not consistent and residual effects of non-detected HBV or HCV cannot be safely
ruled out in the majority of the epidemiologic studies. Recent data from China and
Taiwan have also reported an association of cigarette smoking with PLC independent
of HBV status®2,

The sex specific impact of alcohol, tobacco and oral contraceptive use could explain
the sex ratio pattern in PLC as well as the steady increase in incidence by age

observed in the populations where these exposures are common.

Hormonal factors

The occurrence of benign liver adenomas and occasional PLC among women who
were long term oral contraceptive users has been documented®®. Several case-
control studies conducted in developed countries where substantial numbers of
women have used oral contraceptives for extended periods of time, have found RRs
between 1.6 and 5.5 among ever oral contraceptives users and a relationship with
duration of use was also observed in some studies®. In one of the few studies
conducted in the black population in South Africa, a country with a high prevalence
of HBV, no association between oral contraceptives and PLC in women was found®.
Analysis of the mortality trends for PLC in young women in the United Kingdom,
U.S., Japan and Sweden, provide no support for a measurable effect of oral
contraceptives on mortality due to PLC*®*7. A multicenter study conducted with 317
cases of PLC among women under 65 years and 1060 controls, found an association
between this tumor and duration of oral contraceptive use in the small subgroup of
PLC cases without liver cirrhosis and with negative serology for HBV and HCV*S.
Further studies are needed to clarify and quantify the role of oral contraceptives in

PLG, an issue of considerable public health interest.
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Other hormonal factors have been explored to explain the increased male
susceptibility worldwide. A recent study in the U.S. found a protection linked to
parity, late menopause, use of hormonal replacement therapy and early age at
menarche. Except for the latter, all factors were independent of HBV status®.

Likewise, androgens have been postulated as a risk factor for PLC!%,

Other and emerging risk factors

Other factors that may modulate the long term impact of HBV or HCV persistent
infections include dietary factors!?-1%, some chemicals (such as arsenic!®) and some
hereditary conditions (haemochromatosis'?”1%® and Wilson’s disease!®>!1%). Growing
interest is currently focusing on the associations of PLC with Diabetes Mellitus!'!-114
and obesity!'">. Non-alcoholic fatty liver disease is being proposed as a risk factor for
PLC!¢, Because of the considerable prevalence of some of these conditions in western
populations, it is of importance to conduct research to properly describe the nature of

the associations observed.
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Prevention of liver cancer

By the year 2003, WHO estimates of the worldwide percentage of the target
population vaccinated against Hepatitis B was 42%!°. A major input from donor
agencies has made vaccination campaigns possible in the last decade and such efforts
should be encouraged and supported. HBV vaccination trials initiated in the 80s have
already shown the ability of HBV vaccines to prevent the chronic carriage of
HBsAg!!7118 and to reduce the development of liver cancer either when vaccination

takes place at birth in Taiwan!!®, or in adults among HBsAg negative men in Korea'?.

Screening of blood products for HCV markers in the countries that have introduced
such programs, has substantially reduced the rate of post transfusion HCV
infections'?!. Awareness of the negative impact of unprotected sex, substantial alcohol
consumption and smoking has probably had some impact in risk behavior
modification. However, their potential impact on the incidence of PLC remains to be
documented. Finally the claim has been made that aflatoxin reduction has reduced
the incidence of PLC in Singapore and Shanghai although this has not been

adequately substantiated.
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Summary

PLC remains a major health problem with great geographical variability. Men are
consistently more affected than women and survival is poor worldwide. Increasing
trends in incidence in some developed countries, including the U.S., suggest an
underlying cohort effect linked to HCV and HBV exposure. Efforts to reduce the PLC
burden in most developing countries should give priority to HBV vaccination
campaigns and to the prevention of HBV and HCV contamination. This implies
reinforcing control of blood and derivatives, as well as the use of sterile medical
equipment. HBV chronic carries may further benefit from reductions in the aflatoxin
exposure in their diets. If achieved, aflatoxin reduction may also offer some protection
to HCV carriers. In low risk populations, alcohol consumption may account for the

majority of the PLC cases that do not show viral markers.
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Primary liver cancer in Spain

In Spain, it has been estimated that 4,366 new cases of PLC occurred during 2002,
which corresponded to 3,027 in men and 1,339 in women?. Based on estimates of
PLC in 38 European countries, these cases were 8.6% and 7.4% of the new European
PLC cases estimated in that year for men and women, respectively?. In Europe, Spain
ranks seventh in terms of PLC incidence (AAIR: 9.2 per 100,000) in men and eleventh
(AAIR: 2.9 per 100,000) in women?.

The number of deaths from PLC in Spain during 2002 were 4,481, which
corresponded to 2,898 in men and 1,583 in women?. In 2002, Spain ranks seventh

among European countries in terms of number of PLC deceased subjects (AAMR for

men: 8.4 per 100,000; AAMR for women: 3.3 per 100,000)%.

The mortality to incidence ratio is greater than one for both men and women, which
is related with the problem of liver metastases misclassified as PLC in mortality data
or perhaps due to infraestimation of liver cancer incidence. It also reflects the low

one-year survival after diagnosis for this tumor?.

Trends in liver cancer incidence in Spain have only been evaluated in two registries:
Zaragoza and Tarragona. In Zaragoza, a decrease of PLC incidence? during 1978-92
was detected. However, in Tarragona no change in PLC incidence was observed

during the period 1980-97C.

Trends in PLC mortality in Spain were first evaluated during the period 1975-87
analyzing data from the Spanish population older than 35 years. In this study a sharp
decrease in PLC mortality rates was detected in both sexes!'??. Time trends in PLC
mortality were also analyzed during the period 1970-96 in 20 European countries,

detecting downward trends in Spain compared to those of the other European
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countries included in that study'?. These downward trends were explained by better
diagnosis and assignment of metastatic tumors to the site of their primary origin'?2123
and also to modification of the ICD for the eigth to the ninth revision during the
study period. One study carried out in Catalonia reported that PLC mortality
remained stable during the period 1980-97°°. In the same study, an increase of

mortality for cholangiocarcinoma was observed for all age groups and for both sexes™.

58



hapter 2



2. Hypotheses and objectives




Meta-analysis of cohort studies of risk of liver
cancer death among HBV carriers

Hypotheses about heterogeneity of RRs of PLC:

1) The risk of developing or dying from PLC in South-Eastern Asia is higher
than that of developed countries: The high variability in RRs of PLC observed in
cohort studies among HBV carriers could be partially explained by geographic

variability, probably as a consequence of differences in risk factors among countries.

2) Study design could influence the estimation of RRs: In each cohort study, the
RRs have been calculated comparing the PLC mortality rates of the cohort with those
of a reference population or group. Heterogeneity among those comparison groups

could partially explain the variability of RRs.

Objectives:

1) To propose and assess a statistical procedure for the combined analysis of the
RR of death due to PLC among male cohorts of HBV carriers conducted worldwide

before 2006.

2) To determine and explain the influence of geographic variability and study

design in the RR of death due to PLC among HBV male carriers.
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Geographic distribution of primary liver cancer in
Europe in 2002

Hypothesis about geographic variability:

The risk of incidence and mortality from PLC in Southern European countries is the
highest in Europe: HBV and HCV prevalences in European countries could partially

explain these differences among European countries.

Objectives:

1) To propose and assess a statistical procedure for model selection for the
mapping of PLC risk, taking into account the effect of geographic area and HBV and

HCV prevalences.

2) To estimate the effect of HBV and HCV seroprevalences on PLC mortality

and incidence by geographical area.
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Time trends in liver disease in Spain during the
period 1983-97

Hypothesis about incidence and mortality from liver disease in Spain:

An increasing incidence and mortality by PLC in France and Italy has been observed
during the 90s attributed to a cohort effect related with a previously HCV exposure
30-50 years ago, whereas cirrhosis mortality decreased during that period. In Spain,
where the pattern of HBV and HCV prevalences is similar to that of Italy and France,
a similar increase in PLC incidence during that period would be expected. On the
other hand, a decrease of cirrhosis mortality is expected, as it has been observed in

most developed countries.

Objectives:

1) To propose and assess a statistical procedure for an age-period-cohort analysis

of time trends of liver disease in Spain

2) To determine time trends in incidence and mortality for liver tumours (PLC
and cholangiocarcinoma) and liver cirrhosis mortality in Spain during the period

1983-97.
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Meta-analysis of cohort studies of risk
of liver cancer death among HBV carriers



Background

The role of chronic HBV infection in the aetiology of PLC has been long established®.
The link between HBV and PLC appear to have been found for the first time during
the 60s, after the discovery of the HBsAg'*. Since then, several cohort studies have
been carried out among HBsAg-positive subjects. The monograph about viral hepatitis
and PLC edited by the International Agency for Research on Cancer (IARC) collected
the results of 15 cohort studies of HBV carriers published between 1970 and 19923.
All these studies were based on comparisons all-cause and liver-related mortality
among healthy HBsAg-positive subjects compared to HBsAg-negative subjects or the
general population. The mortality comparisons between HBsAg-positive and HBsAg-
negative subjects is the basis for the estimation of the risk of death from PLC among

HBYV infected subjects.

Most of these studies were conducted in Asian countries and some few in Western
countries, showing RRs of death from PLC ranging from 5.3 to 148. The RRs reported
from Asian studies were higher than those of Western countries. Even among
relatively similar western countries risks were found, some differences have been
reported. For example, two cohort studies of HBV carriers have been conducted in the
Mediterranean area: one in Catalonia (Spain) and another in Italy?*. Although these
two studies were carried out in similar populations (Southern European), differences
of results were found. In the Spanish study, the cohort constituted 2,206 HBsAg-
positive subjects (1,575 men, 631 women), and 15,504 HBsAg-negative subjects (8,783
men, 6,721 women) voluntary blood donors selected from four hospitals in the
Barcelona area (Hospital Universitari de Bellvitge, Hospital de la Vall d’Hebron,
Hospital Clinic i Provincial and Hospital de la Creu Roja). Mortality in both groups
was detected by record linkage with the Catalan Mortality Registry. The risk of death
from PLC was 14-fold higher in HBsAg-positive men than in those who were HBsAg-

negative. For women, this risk was 7-fold higher although it was not found to be
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statistically significant?!. However, the study conducted in Italy, with a mean follow-
up of 30 years, did not detect an excess risk of death due to PLC among HBV

carriers?4.

The heterogeneity found in the estimated risk of death from PLC associated to HBV

in these cohort studies is difficult to explain, but could be explained partly due to:

a) Selection of comparison group: If the HBsAg-positive subjects are workers or blood
donors (WBD) and the comparison group constitutes the general population (GP), the
study could underestimate risk of death as a result of selection bias. This selection bias

is known as the “healthy donor effect” or “healthy worker effect”?.

b) Size of the cohort: The small number of subjects included in some longitudinal

studies could diminish the statistical power to detect an excess of PLC risk.

¢) Cofactors not taken into acount at the time of the design of study: Some of these
results could be potentially affected by cofactors such as alcohol, tobacco

consumption, HCV infection and aflatoxins.

d) Since information about these cofactors are not usually available, at least at the
individual level, one approach to assess their impact is to assume that they vary
among geographical areas and, thus, geographical area can be a good subrogate

variable.

For those reasons, it is necessary to investigate the factors that contribute to the

heterogeneity of risks of death by PLC observed in different studies.
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Hypotheses

1) There could be an effect of geographic area in the estimation of RR of HBV-
associated death from PLC: some of these studies were carried out in Taiwan and
China, two high risk areas for PLC, whereas the remaining studies were carried out in

developed countries with intermediate-low risk for PLC.

2) There could be an underestimation of RR of PLC mortality linked to HBV in those
studies for which the comparison group comprises the general population while the

cases have been ascertained from blood donors.
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Sources of data

Studies considered in the meta-analysis were cohort studies which reported the risk of
death due to PLC among male HBV carriers. The initial pool of eligible studies was
extracted from the IARC Monograph on viral hepatitis and liver cancer?® and included
studies published through the period 1970-92. A computerized search of the Medline,
Cancerlit and Pubmed databases was also performed jointly with a review of literature
listed in relevant papers. The search strategy included related terms such as liver
tumors, HBV infection, HBsAg, liver cancer, primary liver cancer, hepatocellular
carcinoma, and cohort, prospective or longitudinal studies. A total of 23 studies with

potential interest were extracted with this search strategy.

Inclusion criteria

a) Mortality studies: studies should report RR of death due to PLC.

b) Cohorts constituted by male HBsAg-positive subjects who do not present liver
disease at the beginning of the study.

c) Cohorts which had an exhaustive follow-up performed by record linkage with the
mortality registry of their country, medical examination or/and revision of

medical records.

Studies excluded

A total of 12 studies were excluded:

Four studies were excluded because they reported incidence jointly with deceased
cases. Of these, one was conducted in Taiwan®, two in Japan'?®'?’, and one in
Alaska'?, with relative risks of developing PLC from 7 to 148.

One study from Japan was also excluded because it was carried out in a cohort which

included only women®. An study carried out in Hawaii'?® was excluded because the
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risk of death from PLC was not reported. For the same reason, a study carried out in
Italy** was not included. Finally, we excluded two prospective nested case-control
studies conducted in different areas of China’7! because they included some subjects

with chronic liver disease as cases.

Updated Studies

We found 14 studies eligible for the analysis. Of these we did not include in the
analysis one study conducted in Japan by Sakuma et al. in 19822 because its cohort
members were included in a later study published in 1988¢'. Two other cohort
studies presented updated data on their original cohorts: 1) the study of Beasley et al
in 1981% was updated in 1991 by Beasley and Hwang!® and 2) the study of Hall et al.
in 198522 was updated in 2003 by Crook et al®.

Studies selected in the meta-analysis

Therefore 11 studies met the inclusion criteria and were based on unique patients.
These studies are described in 7able 3.1 which shows the geographic area where the
study was carried out, the cohort size, years of follow-up (mean), type of comparison
group, the number of PLC deaths observed, the RR of PLC and if the study accounted
for the presence of other cofactors. HBsAg-positive subjects were blood donors in six
studies?!2358-6065 and workers in the remaining studies. Eligible studies were carried
out in several geographical areas: two in the U.S.®*°, one in England and Wales
(United Kingdom, U.K.)?223, four in Japan®0-¢26>126 three in Taiwan and China®©74 and

one in Spain?..
Two studies carried out in the Southeast Asia®®7*used comparison groups comprising

general population tested for HBsAg. Cofactors as alcohol consumption or tobacco

smoking were also reported in some of these studies®®®74 The standardized mortality
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ratio was reported in seven of these studies?!-2358-6065126 35 an estimator of the relative

risk, while the others reported a relative risk derived from a Cox model.
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Table 3.1. Cohort studies of HBV carriers during the period 1981-2006.

Geographic Cohort  Follow-up  Control

Author Area (N) (years) Group (0] RR Cofactors
Prince et al, 19828 U.S. 5,353 43 GP 3 9.70 Not Reported
Oshima et al, 1984¢0 Japan 8,646 6.2 GP 20 7.80 Aflatoxins & Tobacco
Ijima et al, 198412 Japan 495 55 GP 8 10.40 Not Reported
Dodd et al, 1987%° u.s. 10,654 3.6 WBD 6 26.80 Not Reported
sSakuma et al, 1988 Japan 513 7.3 WBD 9 21.00 Not Reported
Tokudome et al, 1988% Japan 2,595 5.9 GP 15 7.30 Not Reported
Beasley et al, 19911% Taiwan 3,454 11.0 WBD 184 103.00 Not Reported
Yang et al,2002¢ Taiwan 2,361 13.0 GP~ 82 17.50 Aflatoxins & Tobacco
Evans et al,20027* China 8,795 8.0 GP~ 643  18.80 Aflatoxins & Tobacco
Crook et al, 2003% UK. 2,681 22.4 GP 20 2631 Not Reported
Ribes et al, 2006 Spain 1,575 20.5 WBD 14 1414 Not Reported

a: update from the initial study of Sakuma et al in 198292 which reported a RR of 28.3 with a mean follow-up of 5 years; b: update from the initial study of
Beasley et al. in 1981% which reported a RR of 223 with a mean follow-up of 3.5 years; c: update from the initial study of Hall et al in 1985%2 which reported a RR
of 42 with a mean follow-up of 7.6 years; (N): number of men in the cohort; O: Observed deaths in the cohort by PLC; RR: Relative Risk; GP: General
Population; GP*: General Population tested for HBsAg; WBD: Workers or Blood Donors; Cofactors: cofactors reported in the study.
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Statistical methods

Meta-analysis can be defined as a quantitative analysis of the results of a variety of
studies with the aim of an integrated representation of them!®'. It could be viewed as a
systematic analysis which allows the researchers to evaluate the consistence of the
results, leading them to propose explanations in case of heterogeneity. The procedure
consists in: i) reviewing the available bibliography on a potentially causal relation and
ii) applying statistical methods to integrate results, estimating a combined measure of
effect and its statistical significance. The aims of these procedures are to increase the
precision of the effect measure under study and to explore existence of and reasons for

any heterogeneity of results observed in the studies!®2.

These results should refer to one effect to one type of effct measure. Among others,
these effect measures could be the odds ratio, the incidence rate of a determined
disease, the relative risk or the risk difference between groups. In order to model each
one of these effect measures we could presume homogeneity among them. If so, we
use a fixed effects model, for which it is supposed that the variability observed is due
to entirely intra-study variability, or the variability within each study!33132. If we
suppose that the effect measure is non-homogeneous among studies, we will use a
random effects model, which allows for the extra-variability due to a combination of

the intra and inter-study variability!32133,

The effect measure of interest in our analysis is the Standardized Mortality Ratio
(SMR), which is an estimator of the RR of death!?*. The SMR is defined as the ratio
between observed deaths in the cohort from the cause of interest (O) and the
expected deaths (E) the cohort from that cause, where the latter is based on the
mortality of a reference population'3*. In those studies where a relative risk (RR) has
been reported rather than an SMR, the number of expected deaths has been estimated

as the ratio of O and RR!34,
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For an observed SMR it has been assumed that O follows a Poisson distribution with
rate A = RR-E , where the SMR is the maximum likelihood estimator for the RR. The

variance of the crude SMR may be approximated through the logarithm of the SMR'3,

Var(log(SMR)) = é (1),

and 95% confidence intervals for the log(SMR) can be obtained' as
1
Iog(SMR)J_rl.96\E (2).

A combined RR of the studies can be estimated by means of a weighted average of
SMRs, giving each study a weight proportional to its precision'*. The precision is
given as the inverse of the variance of the measure of interest'3. However, the
modelling of events by means of a Poisson distribution could entail overdispersion,
also known as extra-Poisson variability, which is present if Var(O)> E(O) '®.
Overdispersion could indicate that there is clustering of data, which often can be
corrected through modelling with appropiate explanatory variables or using mixtures

of probability distributions!3°.

The meta-analysis in this chapter focuses on these methods, comparing the
Frequentist approach for mixtures of probability distributions with the Bayesian one.
Tthe extra-Poisson variability has been modelled through explanatory covariates once

identified the sources of heterogeneity.
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Frequentist approach to meta-analysis based on
mixtures of probability distributions

We have performed this part of the analysis with a non-parametric mixture approach.
It has been assumed that the number of observed deaths in one study, O, can be
modelled as a linear combination of & different Poisson distributions. We will refer
to each one of these distributions as components of the mixing distribution. Each one

of these components has a weight p; on the mixture and mean [;. The subsets of

k
parameters in the mixture of distributions are P =[p,,...,p,] with Z p, =1,
J=1

M =[g,..., 1, ], and E as the expected number of cases of the study. Then, the

mixing distribution G for O is

k
G(O|M,P.E)=3 p, f(O| . E) ®),

where f is a Poisson distribution with parameter 4 = u ;'E and p; estimates the

RR in each component of the mixture.

The expected value for a random variable with mixing distribution (3) can be

estimated assuming that P, M, E are constant values'®,

k o k
E(O|M,P,EY=Y>0,fO, | u;,Eyp, =ED p,;p, (4.
Jj=1

=1 il
From (4), the expected value for SMR is

k
E(SMR) = z P, =RR, . (5),
Jj=1
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being a pooled RR. With the same assumptions one can estimate the variance of the
RR ppied & . .
SMR, Var(SMR) = pT + ;pj'(,uj)2 _(RRpooled)z' To find maximum
likelihood estimates of P, M and k, Bohning proposed a non-parametric maximum
likelihood estimation (NPMLE) implemented in the software C.A.MAN (Computer
Assisted Mixtures Analysis)!3¢. The components of the mixture could be also

interpreted as subpopulations or clusters, and k£ >1 means heterogeneity'®. If we

A A

denote P,M and k as the NPMLE of the mixing distribution, then the RR, ,, can

be determined with these constant parameter estimates.

It is necessary to establish to which of the components each study belongs in order to
investigate the studies which are sources of heterogeneity. Let us consider a latent
random vector Z, of length k, Z, = [Zﬂ,...,Zl.k] for each study, consisting of Os
except for one 1 at a certain position, say the ;% which indicates that the study
belongs to the j component. Applying Bayes theorem and using the estimated mixing
distribution of (3) as a prior distribution, the probability that each study belongs to

certain component is

(6).

f(O, A.,E_
P(Zij =1|10,MP,E,) = k( '|“L ')pJA
zf(ol “’ls’Ei)'ps

s=1

The 7 study is then assigned to the population to which it has the highest posterior

probability of belonging.

In order to determine confidence intervals for the RR, ., a question that arises is

which distribution do we assume for the RR,, . Bootstrap methods over the

NPMLE obtained with C.A.MAN have been suggested'* in order to obtain confidence

intervals for (5). In addition, if we want to consider the parameters P, M and k as
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random variables, we can estimate their expected values and variances. Moreover, the

expected value for O becomes

E(O|E)= j [i 0,-G(O, | M, P, E)};r(P,M)deM 7),

Where 7(') is a probability density function and 7(P,M)=n(P|M)rx(M).
Specific numerical methods are required to solve these integrals. We have proposed
an alternative methodology based on the Bayesian approach which allows for the

estimation of the parameters and their variances a posteriori.

Bayesian approach to meta-analysis based on
mixtures of probability distributions

3.4.2.1. Bayesian inference

Let us suppose that our parameter of interest is €, the RR,,,,, - The prior knowledge

about this parameter, in terms of probability statements, is specified by means of a
probability density function 72'(0) The information extracted from the data is
summarized by the likelihood function which we denote by 7(Data | €) . In order to
make probability statements about & once observed data, a model for the joint
probability distribution of parameter and data is necessary, being the joint probability
distribution 7(Data,8) = n(Data | 9)7[(6’). Simply conditioning on the known data,
using the basic property of conditional probability known as Bayes’ rule, yields the

posterior  probability  7(@| Data) = #(Data,0) = #(Data| 0)z(0) ,  where
m(Data) m(Data)

m(Data) = Jﬂ(Data | O)7(0)dO . The factor m(Data) does not depend on € and,

with fixed data, can thus be considered a constant value, yielding an unnormalized

posterior density, which is
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(6| Data) < r(Data | 0)7(0) (8).

Hence, the posterior median, mean, variance and other statistics can be obtained
when (8) has been estimated. From each statistic of interest we can estimate its
credibility interval (CRI) which is analogous to the confidence intervals of the
Frequentist estimation methods. The CRI is the interval where & is located with a

certain probability. As an example, the posterior 95% CRI for @ should be calculated
b
solving j (0| Data)d® =0.95, a and b being the lowest and upper values of the

CRI'¥,

If we obtain new data, the new prior distribution for the @ parameter would be the

last posterior, so (60| Data) — r,, (6). This is the way that information is updated

new

in the Bayesian framework 137138 |

In the case of several parameters for the model, as in the regression framework, the
Bayes theorem can be applied in the same way as in (8), giving a joint distribution for

all parameters. Let us suppose a set of m parameters of interest, @ = {91 b0, }, then

(8) becomes

7(® | Data) < m(Data | ®)z(0) 9).

To obtain the posterior marginal distribution for any of the m parameters we should
integrate (9) with respect to the remaining m-/ parameters keeping in mind that each
one has a prior distribution. To solve these integrals, specific numerical methods are
required. Among the different alternatives are Markov Chain Monte Carlo Methods
(MCMCQ)™®. These are simulation methods based on drawing values of ® from

approximate distributions and correcting these samples to better approximate the
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target posterior distribution (9). The samples are drawn sequentially, with the
distribution of the sampled draws depending on the last value drawn; hence, the

draws from a Markov Chain'¥. In a Markov Chain simulation, several independent

sequences of simulation draws are created; each sequence ®' with #={1,2,...} is

produced by starting at some point ®’ and then, for each z drawing feasible values

for ®' from a transition distribution, 7,(®'|®'") that only depends on the

previous draw, ®'"'. The transition probability distributions must be constructed so
that the Markov Chain converges to a unique stationary distribution, that is, the
posterior distribution (9). The Gibbs sampler, Metropolis and Metropolis-Hastings are
algorithms developed to perform Markov Chain simulation 3813 in order to generate

values from a random variable with a certain probability distribution.

In the last decade several statistical packages have been developed to facilitate these
simulation methods. In this study we performed the analyses using the Bayesian
inference package WinBUGS 1.4 1% which allowed us to perform Bayesian inference
using Gibbs Sampling. This package can be run directly from within R"! using
functions of the library R2WinBUGS'". Initially, for each parameter of interest
noninformative prior distributions have been used, which have large prior variance,

and, therefore, low prior precision.
By means of these MCMC methods a simulated posterior distribution is obtained. The
point estimate used most frequently is the mode or the median'¥. In this study the

empirical CRI have been set to 95% and the point estimate used is the median value.

The Bayesian inference in this study has been performed by means of the following

steps:

a) Determining the number of components and estimating the theoretical RRs for

each one;
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b) Determining the sources of heterogeneity by means of the posterior classification

of the studies; and

c) Covariate modeling of the RRs observed in each study taking into account the

sources of heterogeneity.

Steps a) and b) are described in Section 3.4.3.1, whereas section 3.4.3.2 describes step

).

3.4.2.2. Mixture Model based on Dirichlet Process

The Dirichlet Prior Process (DPP) is an approach used to make inferences about the
underlying location for a certain observation (study) in a mixture of probability
distributions such as (3)'4>14. Let us consider that O, are the observed number of
deaths by PLC of the 7 study which is a random variable that follows a mixture

distribution such as (3). Also let all the parameters g, have the same prior

distribution H . This mixture model can be expressed hierarchically as!414

O,1Z,,M,E; ~ Poisson(u, "E,)
Z. | P ~ Multinomial(P)

M, ~H,

P ~ Dirichlet(5,A,)

(10),

where Z, are the latent variables or labels that assign E’ to a parameter value z, ,

i

K
P=[p,,...,p,] with ij =1 and M =[y,,...,1,]. We assumed that the latent

=1
variables follow a discrete (Multinomial) distribution with j={L,...,K} possible

values, each one of this values with probability p;. The parameters of each
component 4, can be drawn from H, beforehand, and then a distribution would be

on the probability of selection of these parameters, the set M . The weights P follow
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a prior distribution which is Dirichlet with parameters (5,A k), A, = [al,...ak]
k

being a prior base measure, such as Za ; =1, and & being the spread of the base
=

measure'>. The key problem is how to assume a prior distribution for (5 A, ) If we

consider P in the limit & — oo, then the Dirichlet Distribution becomes a Dirichlet

Process DP(M,0,A,), which is an extension of the Dirichlet distribution to

continous spaces'®. For each indicator Z,, drawn conditioned on all previous (i-1)

indicators from the Multinomial distribution, there is a corresponding g, that is

drawn from H . In the limit, kK — oo, the labels lose their meaning as the space of
possible values becomes continuous. We can discard the use of labels in the model and
let the parameters be drawn from a Dirichlet Process with base measure A . Hence
the DP model is

O, | M ,E, ~ Poisson(u, E,)

u | H ~ H(M) (11),

H(M) ~ DP(M,o,4,)

where H (M) is a mixing distribution drawn from the DP. Sethuraman'® showed
that the mixing distribution H (M) can be constructed by means of P in the
following procedure also known as the “constructive definition” of the Dirichlet
process!#2144145 or “stick-breaking”** method. Let #7,,7,,....,r, be a sequence of
Beta(1,0) random variables, and let us define
¢ =r,9, =r,(1—1),....¢, =r,(1—r,). Informally, this construction can be thought

of as a stick-breaking procedure, where at each stage we independently, and

randomly, break what is left of a stick of unit length and assign the length of this
Z
k

2.4

t=1

to ensure that

break to the current ¢ . value'*. Finally, we should define p; =
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K
Z D, =1 so that the “construction” will end. Note that due to the “constructive
=

definition” of the Dirichlet process from Beta(l,d), models (10)-(11) depend only on
O . With these criteria, the number of components that emerges from a particular
data set depends on O and are random'¥'#. To assess the impact on the number of
components we performed this analysis with three different schemes for J . In the
first scheme we assumed that 0 ~ Gamma(l,]), whereas we set 6 =1 and 0 =5 in
the remaining two schemes, respectively. It should be noted that the emerging
number of components from a particular data set depends on the prior value assumed
for 0. In order to perform a ‘constructive definition’ of the Dirichlet process, the
maximum number of components was initially set to 11, the number of studies, and at
each iteration of the algorithm the number of nonempty components could be
calculated. We repeated this simulation again reducing the maximum number of
components until we found their optimal number, because it should take into account

that the “stick-breaking” method computes the RR, ., on the basis of the maximum

number of components. We performed each analysis with two different prior

distributions for 4, , being ; ~ Gamma(0.01,0.001) and log(x,) ~ N(0,7), where

7 is the precision (inverse of the variance) for the normal distribution used, for
which we set 7 = 0.001. Posterior classification of the studies has been performed by
means of (6) once components of the mixture have been estimated through the

described procedure. Identifiability of 4, has been imposed by means of an ordering
constraint™ g, <y, <..< gy, where each y; is sampled from a left censored

distribution on the 4, value such that x; ~ Gamma(0.01,0.001) [ (#;,,%) and

log(x;) ~ N(0,7) | (log(x;,),0) -
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3.4.2.3. Modelling heterogeneity using covariates

Once identified how the studies were grouped, a generalized linear model (GLM) was
used to explain the effect on the RR of the possible sources of heterogeneity. With the

assumption of O, following a Poisson distribution, the GLM is defined as

log(Oi ) =log(E) +a Y, + o, + X + 5, Xy, (12),

with X and Y as dichotomous variables. For the 7 study the variable Y refers to
geographical areas with low risk of death by PLC, while X refers to those areas with

high risk of death by PLC. The variable Y|, and X, indicates whether the comparison
group mortality rates were extracted from the GP, whereas Y,, and X,, indicate if

the comparison group was selected from WBD. For each study, one of the four

variables (Y

11‘7X

Y, X Zi) has value 1, whereas the remaining three have value 0. In

1i»

that sense, the parameters «,,,, 3, 5, are mean log RRs.

For the low risk areas of death by PLC we have estimated the ratio of RRs between
studies which used WBD comparison groups versus those which used GP as

comparison group. This ratio is defined as

e”
Q = (13).
e 1

In the same line, but for the high risk areas of death by PLC, the rate ratio

B eﬁz
B eh

Q, (14),

applies as (13).
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For the studies which used GP as comparison group we have also estimated the ratio
of RRs between studies conducted in high risk geographical areas versus those carried

out in geographical areas with low risk of death by PLC. This rate ratio is defined as

By
Q, =1 (15),

e

whereas for studies which used WBD as comparison groups we have estimated the

ratio of RRs with

Q4 = (16).

Table 3.2 depicts the interpretation of the model parameters estimated with (12).

Table 3.2. Effects of comparison group and geographical area in the estimation of risk of death
by PLC considering the parameters of the covariates modeling.

Comparison Group

Blood General
Donors/workers Population
Area RR Ratio? RR
High Risk e 2 Q2 e'B 1

Ratio! Qs Qs

Low Risk e @ Qi eal

High risk: High risk area of death by PLC; Low Risk: Low risk area of death by PLC; Ratio: RR of death
by PLC in a High risk area versus RR in a Low risk area. Ratio® RR of death by PLC for studies which
used Workers or Blood Donors as comparisonl group versus RR in studies which used General Population
as comparison group.
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Models (10) and (12) have been implemented in WinBUGS, and code for these
methods can be found on Appendix A.1. For each model it has been run 3 dispersed
chains with 60,000 iterations, discarding the first 10,000 burning samples. It has been
used the sample traces plots and the Gelman and Rubin convergence diagnostics!4:148,
in order to check for convergence of the chains. After convergence has been assessed,
the empirical 95% credibility interval has been obtained for each parameter jointly

with its median value.
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Results

Table 3.3 shows the SMR for PLC jointly with the RR, ,, obtained through the

Frequentist approach with the studies included in the meta-analysis. The highest SMR

was reported in the study carried out in Taiwan in 1991 (SMR=103.0; Confidence

Interval (CI): 88.72-119.10) whereas the lowest SMR was found in a study conducted

in Japan in 1988 (SMR=7.3, CI: 4.1-12.7).

Table 3.3. Studies included in the meta-analysis.

Geographical Comparison

Author Area Group 0] E SMR 95% CI
Prince et al., 1982 U.s. GP 3 031 970 (1.95-28.36)
[jima et al.,1984 Japan GP 8 077 10.40 (4.48 - 20.49)
Oshima et al., 1984 Japan GP 20 256 7.80 (4.76 - 12.05)
Dodd et al, 1987 U.s. WBD 6 022 2680 (9.95-56.36)
Sakuma et al.,1988 Japan WBD 9 043 21.00 (9.57 - 39.83)
Tokudome et al.,1988 Japan GP 15 206 7.30 (4.09 - 12.07)
Beasley et al., 1991 Taiwan WBD 184 1.79 103.00 (88.72-119.10)
Evans et al., 2002 China GP 643 34.20 18.80 (15.70-22.50)
Yang et al.,2002 Taiwan GP* 82 468 1750 (13.93-24.75)
Crook et al., 2003 UK. GP* 20 0.76 26.31 (16.06-40.54)
Ribes et al., 2006 Spain WBD 14 099 14.14 (8.84-31.74)
RRpocted™ 23.2 -

‘WBD: Workers or Blood Donors; GP: General Population; GP*: General Population tested for HBsAg; O:
observed number of deaths by PLC; E: expected number of deaths by PLC; 95% CI: 95% confidence
interval; RRrooked* Relative Risk pooled estimated with the Frequentist approach.
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Identification of subpopulations and parameters: Frequentist approach

This heterogeneity observed was explored through the mixture analysis. Three

A A

possible subpopulations with estimated mean RRs M = {z, =8.0, 11, =188, 11, =103.0}

and weights P={p, =032 p, =0.59 p,=0.09} were determined through C.A.MAN.
With these estimate of the parameters it was obtained a RR,,,,, of 23.2 (Table 3.1).

Figure 3.1 shows the graphical representation of the log-scale SMRs, the possibly

partitions of the log-scale SMRs into 3 components and the log- RR, ., -

Figure 3.1. Summary of the log(SMR) of cohort studies included in the pooled analysis.

95% Confidence Intervals
for the log(SMR)

Study

Beasley,1981
Prince et al., 1982

ljima et al.,1984
Oshima et al., 1984 —

Dodd et al., 1987
Sakuma et al.,1988

Tokudome et al,1988 -t
Evans et al.,2002 ——
Yang et al.,2002 —
Crook et al., 2003 "
Ribes et al.,2006 -t
Pooled* \

*Calculated by means of C.A.MAN
although no confidence intervals were available. SMR (| og sc aI e)
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Identification of subpopulations and parameters: Bayesian approach

Table 3.4 shows results of the different simulation schemes using
4, ~ Gamma(0.01,0.001). This table reports the posterior distribution of &, the
number of nonempty components found, and the RR, ,, obtained in each scheme.

We first proceeded to assume that the maximum number of components of the
mixture of Poisson distributions were 11 (Max=11). The parameter 0 showed high
variability when it was assumed to be random variable (median=5.7, 95% CRI: 0.4 -
77.1). There was found a median of 3 nonempty components with an upper value for

the 95% CRI of 4 (95% CRI: 3 - 4) with an RR,,,, greater than 30 in each scheme.
However, the median RR,, ,, Wwas calculated using the 11 components at each

iteration. In the second step we assumed Max=4 and we found that the median
number of nonempty components was also 3 (95% CRI: 3 - 3). Although the 95% CRI

of the RR,,,, and & were narrower than the previous scheme, we performed the
analysis with Max=3. In this last case, we found similar values for the RR,,,, in each

scheme, whereas the parameter O (median=1.5) showed the narrowest 95%

credibility intervals (95% CRI: 0.2 - 4.2) compared with the previous schemes.
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Table 3.4. Results of the “stick-breaking” method using gamma prior distributions for 4, with

different maximum number of components: Median values and 95% credibility intervals.

Number of
6 o) non-empty
Max prior posterior Components RRpooted

11 Random 5.7 (0.4-77.1) 3(3-4) 30.8 (25.7 - 78.2)
Constant 1 3(3-4) 30.3 (24.5-75.6)
Constant 5 3(3-4) 30.0 (24.7 - 79.2)
4 Random 5.1(0.3-20.1) 3(3-3) 29.1 (20.1 - 47.2)
Constant 1 3@3-3) 27.1 (21.5-48.1)
Constant 5 3(3-3) 28.8 (21.6 - 48.3)
3 Random 1.5(0.2-4.2) 3(3-3) 23.5 (14.9-44.5)
Constant 1 3(3-3) 22.4 (14.1-43.5)
Constant 5 3(3-3) 24.1 (16.3-47.1)

Max: maximum number of components of the mixture distribution; &§ prior: prior assumption for the &
parameter on the “stick-breaking” method; Random: Gamma prior distribution for & Constant: &§
parameter assumed to be constant; &§ posterior: posterior distribution for & (when it was considered as
random variable) or constant value; Number of nonempty components: number of nonempty
components of the mixing distribution; RRreckd: Estimator of the pooled Relative Risk.

Table 3.5 shows the comparison between results obtained with the Frequentist
approach with those obtained with the Bayesian ones. We compared the results of the

Bayesian approach with both Gamma and Normal prior distributions for 4, and
log(u ), respectively, and with Max=3. Point estimate for the RR,,,,, obtained with
the Frequentist approach (RR,,,,, =23.2) was almost identical to the median RR,,,,
values obtained with the Bayesian models (RR;,,,, with prior Normal for u,:23.9
and RR;,,,, with prior Gamma for g, : 23.5). The same conclusion was extracted in

the comparison of the Frequentist approach with the Bayesian one for the parameters

4; and p; obtained with different prior assumptions. Both RR,,,, extracted from

the Bayesian approach were almost identical in median value and 95% CRI. It was

confirmed that the Bayesian method was not sensitive to the prior distribution used
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for u;. In addition, both Bayesian models showed similar probabilities of
classification a posteriori. The median value of the RR, ,, calculated with the
assumption of Gamma prior distribution for z; was closer to the point estimate of the
RR,, .. calculated with the NPMLE (RR,, ,,=23.2) than that estimated with the
assumption of Normal prior distribution for x;. For that reason we chose the
RRp,,.s calculated with the assumption of Gamma prior distribution for 4, to

continue with the analysis.

Table 3.5. Estimations of the parameters of the mixture of probability distributions:
comparison of the Frequentist approach versus the Bayesian approach.

Method*

RRPpooled

Frequentist
Prior Normal!

Prior Gamma?

23.2
23.9 (15.1-45.3)
23.5 (14.9-44.5)

)23 2%} y2%]
Frequentist 8 18.8 103
Prior Normal? 7.8 (5.7-10.8) 18.7 (17.4-20.1) 102.6 (88.4-118.0)
Prior Gamma® 7.9 (5.7-10.8) 18.8 (17.3-20.8) 103.0 (88.2-119.3)
P1 P2 Ps
Frequentist 0.32 0.59 0.09

Prior Normal®

Prior Gamma®

0.29 (0.10-0.60)
0.30 (0.11-0.61)

0.61 (0.31-0.87)
0.60 (0.30-0.89)

0.10 (0.01-0.31)
0.10 (0.01-0.31)

Method”: parameters estimated through Bayesian models are reported with their median value and 95 %
credibility interval; a: parameters estimated with the Bayesian model with Normal prior distribution for
log(14) ; b: parameters estimated with the Bayesian model with Gamma prior distribution for z; RRpooted:
Pooled estimator of the Relative Risk; g Estimation of the Relative Risk in the ;/# component of the
mixing distribution; pj: weight of the /# component of the mixing distribution;
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In that sense, we have considered that the RR, ,, due to PLC among HBV male

carriers was 23.5 (95% CRI: 14.9 - 44.5) estimated from a mixture of three Poisson
distributions. The first component of this mixture of distributions showed a RR of 7.9
(95% CRI: 5.7 - 10.8) with weight 0.30 (95% CRI: 0.11 — 0.61), the second component
showed a RR of 18.8 (95% CRI: 17.3 — 20.8) with weight 0.60 (95% CRI: 0.30 - 0.89),
whereas the third component presented a RR of 103 (95% CRI: 88.2 — 119.3) with
weight 0.10 (95% CRI: 0.01 - 0.30).

Classification of the studies a posteriori and identification of sources of
heterogeneity

Table 3.6 shows the a posteriori classification of the studies into the components
detected in the mixture of probability distributions. Four studies constituted the first

component, six the second and one the third.

All the studies classified into the first component used general population as
comparison group and were carried out in developed countries (3 in Japan and 1 in

the U.S.).

In the second component there has been classified the studies for which subjects of
the comparison group have been tested for HBsAg. The comparison group was
constituted by blood donors in three studies carried out in developed countries (U.S.,
Japan and Spain). In this component, two studies were conducted in China and
Taiwan. Comparison group of these studies were GP HBsAg-negative (subjects tested
at the beginning of the study)®®’4. The study of U.K. was also classified in this
component. This study used a comparison group which was not tested for HBsAg but
it should be noted that HBsAg seroprevalence in the population of U.K. is one of the
lowest among European countries (about 0.1%)%. The risk estimated in this study is
the second highest and it has been classified into the second component. Finally, the
study carried out in Taiwan with a comparison group constituted by general

population HBsAg-negative reported an SMR of 103, comprised the third component.
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Based on this classification we found that was reasonable to explain heterogeneity in
terms of i) comparison group used in the study (GP or WBD) and ii) geographical
area. We defined two geographical areas of risk by PLC labeled as low and high risk.
Low risk area, in terms of PLC mortality, included studies conducted in Europe, U.S.
and Japan, whereas studies carried out in China and Taiwan were included in high

risk areas for PLC.

Table 3.6. Posterior classification of the studies into the components detected in the mixture
analysis.

Author Geographical Comparison Component Probability
Area Group number of component

Prince, 1982 U.s. GP 1 0.52
Ijima,1984 Japan GP 1 0.65
Oshima, 1984 Japan GP 1 0.99
Dodd, 1987 U.s. WBD 2 0.91
Sakuma,1988 Japan WBD 2 0.93
Tokudome,1988 Japan GP 1 0.99
Beasley,1991 Taiwan WBD 3 1

Evans,2002 China GP 2 0.99
Yang,2002 Taiwan GP* 2 0.99
Crook, 2003 UK GP* 2 0.96
Ribes,2006 Spain ‘WBD 2 0.95

WBD: workers or blood donors; GP: general population; GP* General Population tested for HBsAg;
Component number: Component of the mixture with maximum posterior probability of classification for
the i study ; Probability of component: probability of component number for the i study.

Covariates modeling of the SMRs

Estimates of the parameters of the model are shown in 7able 3.7. It was observed that
studies carried out in countries with low risk for PLC which had GP as comparison

group showed an RR of death by PLC of 10.2 (95 % CRI: 7.9 — 12.8). This RR was 1.8-
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fold higher (95% CRI: 1.4 — 2.3) for those studies carried out in high risk countries for
PLC mortality, which showed a RR of death by PLC of 18.6 (95 % CRI: 17.3 - 20.1).

Table 3.7. Effects of comparison group and geographical area in the estimation of risk of death
by PLC considering the parameters estimated by the covariates modeling.

Comparison
Group
Blood General
donors /workers Population

Geographical Area RR Ratio? RR

High risk 103.0(88.6-118.3) | 5.5 (4.6-6.5) 18.6 (17.3 -20.1)
Ratio! 53 (3.4-7.9) 1.8 (1.4-2.3)
Low risk 20.1 (13.5-21.6) 19(1.2-3.1) 10.2(7.9-12.8)

High Risk for PLC: High risk area of death by PLC (China and Taiwan); Low Risk for PLC: Low risk area
for of death by PLC (Europe, U.S. and Japan). Ratio': RR of death by PLC in a High risk area versus RR in
a Low risk area. Ratio® RR of death by PLC for studies which used Workers or Blood Donors as
comparison group versus RR in studies which used general population.

If the comparison group was constituted by WBD, the RR was 20.1 (95% CRI: 13.5 —
21.6) for those studies carried out in low risk area of death by PLC, whereas the RR
was 5.3-fold higher (95% CRI: 3.4 — 7.9) if the study was carried out in a high risk
area of death by PLC (RR=103.0, 95% CRI: 88.6 — 118.3).

In order to assess the “healthy donor effect” we have estimated the Ratio of RR of
death by PLC for studies which used WBD as comparison group versus that RR in
studies which used general population as comparison group. This ratio was 1.9 (95%
CRI: 1.2 - 3.1) in low risk areas for risk of death by PLC whereas for areas with high
risk for PLC it was 5.5 (95% CRI: 4.6 — 6.5).
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Discussion

Statistical analysis

This analysis illustrates a way to explore heterogeneity in a pooled analysis by means
of the mixture of probability distributions approach based on Bayesian methods.
These methods allowed for the assessment of heterogeneity between studies without
relying on the assumption of a Normal distribution, as in classical meta-analysis.
Using a nonparametric approach, we have identified the number of components of

the mixture and we estimated a RR,, ,, of death due to PLC associated with HBV.

Having identified the mixing distribution, each study has been classified into one of
the components assuming that geographical area and comparison group were the most
important sources of heterogeneity. On this basis and by means of a generalized linear
model, RRs accounting for sources of heterogeneity accross studies have been

reported.

Classical approaches to meta-analysis assume Normal distributions for the measure of
interest extracted from each study. However, in this study our measure of interest was
the SMR, which is more likely to be related with the Poisson distribution than the

Normal distribution, as described in the methods section.

We should note that a key aspect of the meta-analysis is the use of mixtures of
probability distributions. This method has allowed us i) to estimate a RR,,,,,, and ii)
to explore sources of heterogeneity by means of the a posteriori classification using
the Bayes rule of classification a posteriori (see equation 6). We performed this
analysis using both Frequentist and Bayesian approaches. With the Frequentist
approach we were not able to obtain a standard error for the RR,,,, , although we
did not attempt some alternative solutions such as the use of bootstrap methods. It
would be interesting to implement this resampling method in order to compare the

results extracted using bootstrapping with those obtained with the Bayesian approach.
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We have shown the efficiency of the Bayesian approach to estimate the RR, ,.,

using the “stick-breaking” method. In the Bayesian approach to mixtures of
distributions, the “stick-breaking” method allows for empty components'¥2. This is a
difference with parametric mixture models estimated with DPP, for which we should
know the number of components a priori. The main limitation of the “stick-breaking”
method is the prior distribution assumed for the 0 parameter, which is the spread of
the base measure!®. It has been described that some numerical problems arise when it
is assigned a prior distribution for this parameter. In particular, if small values for that
parameter are drawn then the cumulation of products
¢ =r,0,=r,(1-1,),....¢4, =r,(1-r,) obtained through sampling on a
Beta(l,0) may generate small numbers'®2. In order to avoid this problem we
considered o ~ Gamma(l,l). Ishwaran and James** discussed other sampling
strategies for r; such as taking Beta(a;,b;) with a,=1-y and b, = j'y with
0<y<1l. We tried different prior distributions for J such as
0 ~ Gamma(0.001,0.001) in a previous analysis. We found that convergence was
not achieved (data not shown) for this parameter with this prior distribution using
three dispersed chains. We also observed the same convergence problems when we
tried O ~ Uniform(0,L) for several values of L, such as 1, 5 and 10. We also
considered d =1 and & =5 as an alternative to set J as a random variable, which
lead to almost identical results to those obtained with & random. We have not
chosen large values for 0 because it would lead to find more components that may
result an overfitting'2. We observed that it was enough to select a few trial values of
O to assess their impact on the number of components'¥2. We finally recommend to
consider 0 as a random variable due to its possibly posterior variability, as we
observed in our results (Table 3.5, median of ¢ =15 with 95% CRI:0.2-4.2). In

addition, we have found that sensivity in posterior estimates of P =[p,,..., p, ] and
M =[y,,..., 44, ] was not affected by variations in & when the maximum number of

components was set to three.
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The posterior distributions of the unknown parameters of the mixture of Poisson
distributions can be estimated also with reversible jump algorithms!*>!46, which also
allow to vary the dimension of the mixture!#!4, In this last approach, the prior
distribution for the number of components is a discrete Uniform(l,...,K), assuming
also Dirichlet distribution for the weights of the mixture, and Gamma or Uniform

prior distributions for the M =[4,,..., &, | parameters*. This last assumption entails

a difficulty related with find ninonformative prior distributions for the Gamma
parameters. It has also been described that changing the values of this prior
distribution lead to different posterior distributions for K, P and M. However, in our

analysis we have used prior Normal and prior Gamma for the M =[g,,..., 1, ]

parameters, and both lead to similar posterior distributions for those parameters. This
could be due to the “stick-breaking” method of our analysis, for which the key point

is the prior distribution of the § parameter, as we noted previously.

Sources of heterogeneity were explored through the rule of posterior classification of
the studies. This procedure has some resemblance with graphical explorations of
heterogeneity in meta-analysis'®®. By means of the classification a posteriori of the
studies we assessed that geographical area where the study was carried out and
comparison group selected were the main sources of heterogeneity. The Bayesian
modeling allowed to obtain credibility intervals for the RRs between areas and

comparison groups.

In summary, we recommend to use the “stick-breaking” method in order to obtain a
pooled measure of interest in meta-analysis because it allows also to identify the
sources of heterogeneity. In a future work we should compare results of the
Frequentist approach based on bootstrap with those obtained with the Bayesian
approach to determine which are the differences in both methods in terms of variance

of the parameter estimates.
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Epidemiological discussion

The pooled RR of death by PLC estimated in our study was 23.5 (95% CRI: 14.9 -
44.5) in male HBV carriers. Variability in RR of death was substantially explained by

geographical area and comparison group selected in the study.

Longitudinal studies carried out in high PLC risk areas showed higher risk of death
associated with HBV infection than those carried out in low risk areas, independently
of the comparison group used. The PLC mortality among HBV male carriers in high
risk areas was 1.8-fold higher (95% CRI: 1.4 — 2.3) than that in low risk areas.
However, if the comparison group was WBD, the mortality risk from PLC among
HBV carriers was 5.3-fold higher (95% CRI: 3.4 — 7.9) in high risk areas than in low

risk areas.

This excess PLC risk detected in some geographical areas may be aprtly attributable to
differences in age at HBV infection and various environmental factors. The route of
transmission of HBV varies accross geographical areas depending on the prevalence of
HVB carriers in the general population. In Southeast Asia, HBV transmission mainly
occurs by perinatal infection through the mother-to-child transmission and in the
first years of life. In contrast, in developed areas, HBV acquisition tends to occur in
adolescence or adulthood through sexual contact, blood transfusions or other invasive
procedures under non-sterile conditions’. the longer duration of HBV infection
could partly explain the excess risk of death by PLC among HBV male carriers
reported in studies of Southeast Asia’. On the other hand, the exposure to aflatoxins
in food in Southeast Asia is also common *°. Several epidemiologic studies suggested
that aflatoxin exposure among HBV carriers leads to an increased risk of progression

to PLC when compared with unexposed HBV carriers 8.150-152,

The estimated RR of PLC death linked to HBV infection in the male cohorts from

Japan, where PLC is mostly associated with HCV infection, ranges from 7 to 30. A

102



cohort study of HBsAg-positive Japanese females also confirmed the association
between HBV and PLC (RR: 5.6, p<0.05) in women®. The RRs obtained in Japanese
studies are similar to those reported in the North-American (RR: 9.70 to 26.80) and
European studies (RR: 14.14 to 26.31)*-23%859, Cohort studies conducted in the U.K.2
and U.S.58% showed that migrants had higher RRs of death by PLC than the host
population. The U.K. study included 141 (11% of the cohort) foreign born subjects.
The RR of death by PLC among male HBsAg-positive migrants (SMR=51.91, p<0.001)
was 2-fold higher than the risk observed among men born in UK. (SMR=22.54,
p<0.001)%. One of the U.S. studies observed 6 deaths by PLC, of which 4 were black
men, 1 was of Asian origin and 1 was white>®. These results are consistent with those
found in other migrant studies. Several studies reported 1.3 to 10.9-fold excess

mortality by PLC among Asian migrants to U.S., Australia and Europe?.

The studies conducted in the U.K. and Spain reported similar RRs of death by PLC
(26.31 in U.K. and 14.14 in Spain)?"?. In contrast with these results, in a recent study
carried out in Italy which used a cohort of 296 blood donors, it was found that
HBsAg-positivity was not associated with a higher mortality due to liver disease after
30 years of follow-up?*. In that study, however, PLC incidence among HBsAg-positive
subjects was 33.80 per 10° person-years (calculated from the data reported in the
study) similar to that obtained in the cohort from the UK (33.1 per 10° person-
years)'®3 and in the Spanish cohort (34.1 per 10> person-years)?'. However, the Italian
study had the highest incidence rate in HBsAg-negative subjects (28.9 per 10° person-
years, based on 1 subject with a daily alcohol intake greater than 60 g/day on 120
controls) among the studies conducted worldwide (range: 3.6-10.4), being very similar
to the PLC incidence of their HBsAg-positive subjects?'. The similarity of the Italian
PLC incidence rate with those found in other western cohort studies of HBV carriers
suggests that the lack of excess PLC risk associated with HBV could be due to the
limited number of subjects which minimizes its statistical power, and increases

susceptibility to error and bias.
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We also demonstrated the underestimation of RRs in those studies which used the
general population as a comparison group. This underestimation was observed among
studies carried out in all countries with high and low PLC risk. In low risk areas for
PLC, the mortality risk by PLC in studies which used workers or blood donors as the
comparison group was 1.9-fold higher (95% CRI: 1.2 — 3.1) than in studies which used
general population. However, in studies carried out in a high risk areas, the mortality
risk from PLC was 5.3-fold higher (95% CRI: 3.4 — 7.9) in studies which used workers
or blood donors as comparison group than that in studies which used general
population. This is the first time that the “healthy donor effect” has been quantified in
longitudinal studies. Voluntary blood donors and workers are generally healthier than
the general population* !> and this result proves that a selection bias could be
introduced when mortality in workers/blood donors is compared with rates of general

population.

It si necessary to take into account some limitations of this analysis:

First, we have estimated the pooled RRs without taking into account the years of
follow-up in each study. Two studies conducted in U.S.58>° had a very short follow-up
(range of follow-up 3.6 to 4.3 years). However, all other studies included in the meta-
analysis had a follow-up greater than 20 years (the cohorts from the U.K.1® and
Spain?' with 22.4 and 20.5 years , respectively). The initial study in the U.K. cohort
(published in 1985) reported a risk of death by PLC of 42-fold after 7.3 years of
follow-up?. An update to this study (published in 2003) reported a risk of death by
PLC of 26.3-fold after 30 years of follow-up'3. This decrease in the RRs of death from
PLC was also observed in the Taiwan cohort study which used WBD as comparison
group. The initial study (published in 1981), which had 3.5 years of follow-up,
reported a RR of death by PLC of 223%, whereas in 1991, after 11 years of follow-up,
this RR dropped to 103'%. These results suggest that the pooled RR of our analysis

could be overestimated.
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A second limitation of our analysis is that we have estimated a pooled RR of death by
PLC with few studies conducted in high PLC risk areas, given the lack of studies

among HBV carriers in Africa.

In summary, we have found that 1) cohort studies conducted in geographical areas
with high risk of death by PLC showed higher RRs of death by PLC than those
conducted in low risk geographical areas independently of the comparison group
selected, and 2) there is a “healthy worker/donor effect” that leads to a
underestimation of RRs of death by PLC in those studies which selected general

population as comparison group.
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hapter 4



Geographic distribution of primary
liver cancer in Europe in 2002



Background

It has been estimated that in 2002%° 53,618 new cases of PLC were diagnosed, which
represents about 2% of the total new cancers diagnosed. This PLC incidence
corresponded to 35,303 (65.8%) cases in men and 18,315 (34.2%) in women. The
estimated number of PLC deaths during the same period were 57,486 during the same
period, the incidence/mortality ratio being close to 1%. The greater number of deaths
than incident cases in the same year could be explained because mortality data is
based on death certificates which may be more prone to misclassification while

incidence data is based on cancer registries with more quality controls on the data.

Three areas in Europe have been distinguished according to PLC incidence defined as
high, intermediate and low risk areas?. The highest PLC incidence rates have been
observed in Southern Europe (Men: 11.6 per 10° person-years; Women: 4.0 per 10°
person-years)?. Greece and Italy showed the highest incidence (Greece: 12.9 per 10°
person-years in men and 4.9 per 10° person-years in women; Italy: 15.9 per 10°
person-years in men and 5.1 per 10°> person-years in women) in this area.?’ Eastern
and Western European countries have intermediate incidence rates (Men: 5.8 per 10°
person-years; Women: 2.1 per 10° person-years)?, France being the country with
highest PLC incidence (Men: 10.5 per 10> person-years; Women: 2.2 per 10> person-
years) in these areas. Northern European countries have the lowest European PLC
incidence rates (Men: 3.4 per 10° person-years; Women: 1.7 per 10° person-years).
Mortality pattern is very similar to that of incidence rates. In the comparison of rates
between men and women, there is an excess of PLC incidence and mortality rates in

men (ratio men to women close to 2)%.
It has been estimated that, in Europe, near to 80% of PLC cases are related to HBV or

HCV infections815, The estimated correlation of the PLC incidence rates between

men and women in 38 European countries was 0.83 (p<0.001) 5, suggesting that risk
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factors for PLC are similar in both sexes. Figure 4.1 shows HBsAg-positive and anti-
HCV positive prevalences in Europe!”. Correlations between HBV and HCV
prevalences and PLC incidence rates in men of the European Union, Norway, Iceland
and Switzerland showed a significant association between both risk factors and PLC
(Correlation Coefficient between PLC and HBV: 0.74, p<0.01, and between PLC and
HCV: 0.63, p<0.01)>.

In this chapter, the objective was to evaluate whether PLC risk in European regions
was modified due to a joint exposure to HCV and HBV. This aim has been

investigated through a spatial analysis of PLC incidence and mortality rates in Europe.
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Figure 4.1. HBsAg-positive and anti-HCV prevalences in Europe.

HBsAg+ seroprevalences anti-HCV seroprevalences

HBsAg-positive prevalence reproduced from Ribes et al, 2002157,
Anti-HCV prevalence updated from data reported in Shepard et al, 20055
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Hypothesis

The variability of PLC incidence and mortality rates in Europe can be explained by

heterogeneity of HBV and HCV prevalences among European countries.

Sources of data

Incidence and mortality data have been obtained through a combination of the
reports of the population-based cancer registries collected in Globocan 2002?° and the
World Health Organization (WHO) mortality databank?”. A total of 38 countries have
been selected, and these are: Albania, Austria, Belgium, Bosnia and Herzegovina,
Bulgaria, Belarus, Croatia, Czech Republic, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg,
Macedonia, Malta, Moldova, Serbia and Montenegro, The Netherlands, Norway,
Poland, Portugal, Romania, Russian Federation, Slovakia, Slovenia, Spain, Sweden,
Switzerland, United Kingdom and Ukraine. Age distribution in each country has
been obtained by the WHO mortality databank?”. Code selected for PLC based on the
10 revision of ICD was €225,

The estimated number of incident and death cases from PLC by age and sex were
available for each country for the year 2002. PLC incidence rates were based on
estimates of the neighbour countries for those which did not have National cancer
registries or did not have region-based cancer registry?’. Nation-wide cancer registry
data was available for the period of analysis in Croatia, Czech Republic, Denmark,
Estonia, Finland, Iceland, Ireland, Malta, The Netherlands, Norway, Slovenia,
Sweden, United Kingdom and Ukrania. PLC incidence in Austria, Belgium, France,

Italy, Spain, Poland and Switzerland was estimated with data from region-based
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cancer registries in each one of these countries and their national mortality data. In
those countries which mortality data was not available during 2002 as Bosnia and
Herzegovina (last year available: 1991), Denmark (last year available: 2001) and
Belgium (last year available: 1997), data were estimated on the basis of mortality rates

of their neighbour countries.”

Incidence and mortality cases were grouped into five age-groups: 0-14, 15-44, 45-54,
55-64 and older than 64?°. HBV and HCV seroprevalences were obtained from several
WHO reports.10-12158  Updates of both HBV and HCV seroprevalences have been
extracted from reviews published on global epidemiology of HBV®> and HCV

infection?®.
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Statistical methods

The Standardized Incidence Ratio (SIR)'4 has been used to compare PLC incidence
cases in each country with those expected using the European population, whereas
the SMR has been considered for PLC mortality. SIR and SMR values have been
calculated separately for men and women. These values were obtained by means of
the following steps: first it was calculated the whole European sex-age-specific PLC
incidence and PLC mortality rates; second, PLC expected number of incident and
death cases have been estimated in each country by multiplying its population
distribution (persons at risk to develop or to die from PLC) by the whole European
PLC incidence and PLC mortality rates; and third, we have calculated the ratio

between observed and expected number of PLC cases in each country.

SIR and SMR have been subsequently smoothed (model fitted values) accounting for
effect of HBV and HCV prevalences. Random effects models based on Bayesian
inference have been used to map the smoothed SIRs and SMRs. These methods have
been described below on the basis of incidence data, although those are identical for

mortality data.

Disease mapping and the Poisson model

Let O, be the number of observed PLC incident cases and E, the number of expected
PLC incident cases in the 7 country. The O, are considered random variables
whereas the E, are considered fixed values which depend on #,, the number of

individuals at risk in the 7 country. The estimation of the RRs has been performed

through internal standardization'.

The expected number of cases was calculated by
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5
E = Z”@/’”_/ (16),

where 7, is the number of person-years at risk of the 7 country in their /* age group,
respectively, and 7; is the PLC incidence rate in the ;j# age group of the European

population. This incidence rate is obtained through

38
2.0,
_ =l

(17),

where O is the observed number of incident cases of the ;% age group in the 7

38 38
country. Through (16)-(17) the relation ZE .= ZOi holds.

i=1 i=1

For the 7 country

sig = 18),
E

i

is the Standardized Incidence Ratio (SIR), which is an estimator of the RR of

incidence.

The O, are usually modelled by the Poisson distribution,
O, | 4,,E, ~Poisson(E. 1,) (19),

being A the true relative risk of the disease in the / country. In this model the SIR,

is the maximum likelihood estimator of A '3% Next section describes methods to

117



smooth the SIR values by modelling the implicit extra-Poisson variability through a

regression procedure.

Modelling and mapping the relative risks

In order to estimate and to generate a map of the underlying relative risk surface

{4,,i =1,...38} it is necessary to naturally think of a random effects model for the 4, ,

assuming that all the true risks come from a common underlying distribution. The
random effects can be estimated in terms of the Poisson likelihood through

hierarchical Bayesian modelling. Thus, inference about {4, ,...,4;5} has been based on

the resulting posterior distribution.

As example, if A, ~ Gamma(a,b), the posterior distribution of the estimate of the
relative risk is 4, |O,,E;, ~ Gamma(a+ O,,b+E, ). But this procedure does not

account for the effect of available covariates, in this case the HBV and HCV

population prevalences.

Let us consider e’ = A, where (19) is transformed in

O, |E,,y,~Poisson(E ")
(20),
Vi =PX +h

where X, is an explanatory spatial covariate with parameter coefficient £, and 4,

captures the country wide heterogeneity. The f and h, parameters have prior

distributions

118



h, ~N(0,1,)

T, = O-h_2

o, ~ Uniform(0,100) (21),
p ~N(O,zy)

1, =0.0001

where T parameters are the precision (inverse of the variance) terms. We assumed a
non informative prior distribution Uniform (0, 100) for the standard deviations of the

h, (due to that perform better than gamma prior distributions in this analysis, see
Sensibility Analysis on Appendix A.2), being /4, the random effects spatially

unstructured. For the regression coefficients, §, we assumed prior low precision set to

0.0001'¥. In equation (21) the extra-Poisson variability is captured by 4, in the log-

relative risks, which vary over the whole study area.

Model definition and procedure for data analysis

The procedure of analysis has been based on the selection of a regression model which
allow us to generate a map of the model fitted relative risks. RRs have been stratified
into four groups (strata) due to the data available: PLC incidence for men, PLC
incidence for women, PLC mortality for men and PLC mortality for women. The
observed and expected numbers of PLC deaths have been obtained (crude SIRs and
SMRs) for each strata and country. It has not been possible to distinguish HBV and
HCV prevalences according sex and age, because these data were available only at

population level.
Most of models included an effect of geographic area defined on the basis of the

European areas described in the Globocan 2002 software: Eastern, Northern, Southern

and Western (see Figure 4.2)%°
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Figure 4.2. European geographical areas defined in Globocan 2002,

Eastern

Morthern
Southern
YWestern

]
O
O
]

4.4.3.1. Model choice and the Deviance Information Criterion

Six different models have been considered in the regression analysis to select the
model which explains variability of PLC accounting for HBV and HCV infections.
HBV and HCV prevalences have been transformed into categorical covariates. HBV
infections values were stratified into two categories: 0% to 2% and >2%. The cutting
value of 2% was selected due to that was the median value for the HBV infection in
those 38 European countries. Values for HCV categories were defined as: 0% to 1%,
>1% to 2% and >2%. These cutting values were selected on the basis of those
suggested in the most recent report on the estimation of HCV prevalences’>. Models
proposed based on the equation (21) were:

M1) y, =u+h,,

M2) y, =a, +h,,

M3)y, =a,+f, +h,,

M4) y, =a, + B, + p; +h,,

M5) y, =a,+B,+p,+p;+h,

M6) 7, =a, + B, + B, + B +:Bl,2 +ﬂ1,3 +h,
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being 4 a global mean, o, a four level factor variable with o, €[« | j ={1,2,3,4}]

and related to which area (Eastern, Northern, Southern and Western) belongs the 7

country, S, the effect of HBV prevalence > 2%, f, the effect of HCV prevalence
ranging from >1% to 2%, f; the effect of HCV prevalence >2%, f,, the effect of

HBV prevalence >2% and HCV prevalence ranging from >1% to 2%, and fS,, the

effect of HBV and HCV prevalences > 2%.

Note that M1 is the only model that does not take into account the effect of

a
geographical area (model without random intercept @.). By means of € ’ we have

estimated the median RR of incidence (or mortality) for those countries with HBV
prevalence < 2% and HCV prevalence < 1% in the j# geographical area. In that sense,

B

€ is the increase (in multiplicative scale) of the median RR (IMRR) for those

countries with HBV prevalence > 2%, whereas eﬂz and eﬂ3 is the IMRR for those
countries with HCV prevalence > 1% and HCV prevalence > 2%, respectively. The
interaction effects in terms of IMRR between HBV and HCV infections could be

B B
calculated by € " and €77,

The prior distributions chosen for &; and x4 parameters are normal with zero mean

and large prior variance (as equation 21 describes).

A tool for the model choice that recently has gained popularity has been the Deviance
Information Criterion (DIC)'®. DIC was proposed as a generalization of the Akaike
Information Criteria based on the posterior distribution of the deviance statistic!'4’-148

which is
D(0)=-2logL(O|8)+1logB(O) (22),

where 6 is the vector of unknown parameters, O is the vector of observed values

(incident or death cases), L(O|68) is the likelihood function and B(O) some
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standardizing function of the data alone. From (22) it has been suggested to
summarize the fit of a model by the posterior expectation of the deviance E(D) and
the complexity of the model by pD, the “effective number of parameters” or the

number of “unconstrained parameters” in the model. The D/Cand pD are defined'® as

DIC = E(D)+ pD
i (23).
pD = E(D)—-D(0)

Lower values of DIC indicate better fit of the model, because low values of E(D)
indicate good fit and low pD values indicate that a more parsimonious model might be
considered!®’. These values are easily estimated via MCMC methods and computed
automatically in WinBUGS™® via bugs function of library RZWinBUGS'¥. It should be

noted that RZWinBUGS library approaches the estimate of the pD with the proposal

o1
of Gelman et al'¥’, which defines pD:EVar(D(y,9)| ¥). This last definition

slightly differs from (23), the initial proposal of Spiegelhalter et al.!®® which was based

in an asymptotic y” distribution.

For each model it has been run 3 chains with 60,000 iterations, discarding the first
10,000 burning samples. Samples from every 10 iteration has been stored (being 10
the value for the thin!3%140142143147.148 parameter in the run of the MCMC) in order to
reduce autocorrelation in the sample and to reduce Monte Carlo errors!#48. Sample
traces plots and the Gelman and Rubin convergence diagnosis'#-'#8 have been used to
check for convergence of the chains. After convergence the 95% credibility interval
has been obtained for each parameter jointly with its median value. Statistical
significance for the model parameters has been established on the basis of the 95%
credibility interval of these parameters. If that interval does not include the value 0
(or the exponential scale of this parameter does no include the value 1), we have then

assumed that the parameter is statitically significant.
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Convergence of the chains has been verified with the Scale Reduction Factor
(SRF)1¥7147_ In this line, using m overdispersed chains and running them for 2N

iterations, convergence of the parameters could be monitorized through

VSI% = \/(N_l L +IBJ df , where B/ N is the variance between the means

N  mN W)df -2
from the m parallel chains, /¥ is the average of the m within-chain variances, and
df is the degrees of freedom of an approximating ¢ — Student's density to the
posterior distribution. The SRF should approach 1 as N — oo, but if the potential SRF
is high, then there would be necessary further simulations to improve inference about

the target distribution for the parameter of interest!3”.147.

Section A.3 of the Appendix shows the WinBUGS code for the final model

considered in this study.

Two PLC risk maps have been done for each combination gender-incidence/mortality

PLC rates: one map with the fitted RRs and another with P(RR, >1|Data).

Inspection of the first map has allowed us to identify those areas with similar relative
risks, whereas inspection of the second map has allowed us to identify those areas

with high and low probability of PLC risk.
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Results

a) Descriptive analysis

Table 4.1 describes correlations among variables of the study in each European area.
Eastern, Northern and Western European countries showed positive correlation

between PLC SIRs and PLC SMRs and HBV and HCV prevalences for both sexes.

Table 4.1. Correlations between HCV and HBV infections, SIR and SMR of PLC by European
area and sex.

European Area

Eastern Northern Southern Western

Men

SIR (mean, SD) 0.91(0.49) 0.45(0.16) 1.18(0.58) 0.88 (0.41)
SMR (mean, SD) 0.88 (0.38) 0.48 (0.17) 1.14 (0.35) 0.97 (0.48)
Correlations between:

HBYV and SIR 0.34 0.38 -0.28 0.16
HBV and SMR 0.56 0.32 -0.29 0.24
HCV and SIR 0.62 0.41 0.14 0.53
HCV and SMR 0.52 0.31 0.34 0.71

‘Women

SIR (mean, SD) 0.99 (0.45) 0.56(0.26) 1.18(0.52) 0.64 (0.36)
SMR (mean, SD) 0.96 (0.41) 0.61(0.25) 1.29(0.43) 0.75(0.22)
Correlations between:

HBYV and SIR 0.81 0.36 -0.03 0.02
HBYV and SMR 0.44 0.04 -0.26 0.33
HCV and SIR 0.56 0.41 0.41 -0.12
HCV and SMR 0.41 0.06 0.31 0.72
Viral infections

HBV (mean, SD) 3.39 (2.51) 0.88(1.14) 5.14(5.10) 0.37(0.14)
HCV (mean, SD) 1.56(1.41) 0.45(0.75) 1.24(0.68) 0.51 (0.43)
Correlations between:
HBV and HCV 0.64 0.98 0.12 0.45

mean: mean value; SD: standard deviation; HBV: hepatitis B Virus prevalence; HCV: hepatitis C Virus
prevalence; SIR: Standardized Incidence Ratio; SMR: Standardized Mortality Ratio.
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In Southern European countries, a negative correlation between PLC RRs and HBV
prevalence was detected jointly the lowest correlation between HBV and HCV
infections (0.12%). A negative correlation (-0.12%) between SIR of PLC and HCV

prevalence has been observed in women of Western area.

The highest mean PLC SIR and mean PLC SMR values were found in Southern
European countries (rank: 1.14 to 1.29), followed by Eastern and Western European
countries (rank: 0.64 to 0.99), whereas the lowest mean RRs were found in Northern

European countries (rank: 0.45 to 0.61).

b) Model Selection

In order to assess the impact of the inclusion of parameters in the model we focused

the model selection criterion on the reduction of the a posterior: standard error of the
spatially unstructured random effects (7z%) jointly with the DIC and pD criterion.

Table 4.2 shows the model selection procedure for all combinations of gender-

incidence/mortality.

The pattern of model selection in all these combinations was identical. Model M1
showed the highest standard errors of the spatially unstructured random effects and
the highest DIC values. The inclusion of the geographical area covariates (M2-M6)
reduced these standard errors and the DIC value. It was also observed a pD lower
than the total parameter counts (all of them include at least 38 random effects, one for

each country) in models M2-M6.
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Table 4.2. Model selection procedure.

Men Women
PLC Incidence
Model DIC pD ((n)™]y) (95%CRI) DIC pD ((m)™]y) (95%CRI)

M1 450.3 404 0.47 (0.38-0.59) 4295 41.3 0.46 (0.36-0.59)
M2 3994 37.7 0.35 (0.22-0.38) 396.8 40.7 0.37 (0.29-0.39)
M3 3913 39.2 0.28 (0.22-0.38) 370.6 40.3 0.29 (0.28-0.38)
M4 391.1 37.6 0.27 (0.18-0.31) 372.1 40.5 0.29 (0.18-0.35)
M5 369.2 36.1 0.17 (0.11-0.23) 3549 39.1 0.18 (0.12-0.25)
M6 370.1 36.3 0.16 (0.10-0.22) 355.3 39.0 0.17 (0.10-0.24)

PLC Mortality
M1 441.1 40.3 0.41 (0.32-0.51) 426.2 37.9 0.45 (0.28-0.48)
M2 3974 37.1 0.34 (0.19-0.34) 388.9 34.7 0.38 (0.14-0.24)
M3 385.1 38.1 0.29 (0.19-0.32) 370.7 37.6 0.31 (0.14-0.27)
M4 3842 369 0.28 (0.16-0.28) 371.8 35.4 0.28 (0.13-0.27)
M5 3629 348 0.19 (0.15-0.26) 354.1 33.8 0.17 (0.12-0.22)
M6 363.1 34.3 0.19 (0.15-0.26) 357.4 33.5 0.16 (0.09-0.23)

DIC: Deviance Information Criterion; pD: effective number of parameters; (m*|y): posteriori standard
error of the spatially unstructured random effects (y refers to observed data); 95% CRI: 95% credibility
interval.

The last model, M6 (model whith the interaction of HBV and HCV prevalences),
showed the lowest standard errors of the spatially unstructured random effects.
However, these interaction terms had wide credibility intervals. For that reason, M6
was not the selected model due to M5 (model without interaction parameter) also

showed almost identical D/C and pD value.

Table 4.3 shows the median PLC RRs of each geographical area and the IMRR for
European countries with HBV prevalence > 2% and HCV prevalence > 1%. For men,
Northern countries showed median PLC RRs lower than 1 (median RR Incidence:
0.48, 95% CRI: 0.37 to 0.61; median RR Mortality: 0.51, 95% CRI: 0.41 to 0.60) and
with probability of RR>1 lower than 0.001. Median PLC RRs for the remaining areas
included the value 1 on the 95% CRI. Countries with HBV prevalence > 2% and those
with HCV prevalence ranging from 1 to 2% did not show an increase of PLC RRs in

front of those countries with lower prevalences. However, countries with HCV
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prevalence > 2% showed an increase of the median RR (IMRR Incidence: 1.78, 95%
CRI: 1.15 to 2.73; IMRR Mortality: 1.48, 95% CRI: 1.14 to 1.93). Similar results were
observed for women, with the exception of Western area which showed median PLC
RRs lower than 1 (median RR Incidence: 0.65, 95% CRI: 0.49 to 0.85; median RR
Mortality: 0.71, 95% CRI: 0.56 to 0.89).

Table 4.3. Model M5: Median PLC relative risks and increase (in multiplicative scale) of the
median relative risk due to the effects of geographical area and HBV and HCV prevalences.

Men ‘Women
PLC Incidence
European Area Median RR (95% CRI) Median RR (95% CRI)

Eastern 0.81 (0.63 - 1.07) 0.91 (0.67 - 1.21)
Norhtern 0.48 (0.37 — 0.61) 0.55 (0.42 - 0.71)
Southern 0.94 (0.71 -1.21) 0.95 (0.75 - 1.31)
Western 0.75 (0.57 - 1.02) 0.65 (0.49 — 0.85)
Prevalence IMRR (95% CRI) IMRR (95% CRI)

HBV < 2% Reference Reference
HBV > 2% 1.02 (0.81 - 1.32) 1.15(0.89 - 1.57)

HCV < 1% Reference Reference
HCV1-2% 1.01 (0.78 — 1.28) 1.05 (0.81 — 1.42)
HCV > 2% 1.78 (1.15-2.73) 1.36 (1.09 — 2.25)

PLC Mortality
European Area Median RR (95% CRI) Median RR (95% CRI)

Eastern 0.83 (0.65 — 1.04) 0.94(0.75-1.17)
Norhtern 0.51 (0.41 — 0.60) 0.65 (0.53 — 0.79)
Southern 0.96 (0.76 — 1.19) 1.09 (0.87 — 1.36)
Western 0.82 (0.67 — 1.03) 0.71 (0.56 — 0.89)
Prevalence IMRR (95% CRI) IMRR (95% CRI)

HBV < 2% Reference Reference
HBV > 2% 1.05 (0.85 — 1.34) 1.03 (0.84 - 1.31)

HCV < 1% Reference Reference
HCV1-2% 1.06 (0.86 — 1.36) 1.06 (0.86 — 1.33)
HCV > 2% 1.48 (1.14-1.93) 1.28 (1.05 - 1.75)

Median RR: PLC Relative Risk for countries with HBV prevalence < 2% and HCV prevalence < 1%;
IMRR: Increase (in multiplicative scale) of the Median Relative Risk; HBV: Hepatitis B Virus; HCV:

Hepatitis C Virus.

127



Based on M5 model, 7able 4.4 shows the a posteriori RRs of incidence and mortality

by PLC for both sexes in Eastern and Northern European countries, jointly with the a

posteriori probability of RR greater than 1. Median RRs for European Areas have been

obtained from the RRs of those countries with HBV < 2% and HCV < 1%.

Table 4.4. Eastern and Northern European countries: a posteriori Relative Risks of incidence
and mortality by PLC for both sexes and their a posteriori probability of Relative Risk greater

than 1.

Eastern Europe

Belarus

Bulgaria

Czech Republic
Hungary

Moldova

Poland

Romania

Russian Federation
Slovakia

Ukrania

Northern Europe

Denmark
Estonia

Finland

Iceland

Ireland

Latvia

Lithuania
Norway

Sweden

United Kingdom

PLC Incidence PLC Mortality
Men ‘Women Men ‘Women
RR: P(RRi>1) RRi P®RRi>1) RRo P®RRp>1) RRo P(RRp>1)
0.73 0.02 0.69 0.01 0.66 0.02 0.62 0.01
0.73 0.05 0.97 0.32 1.07 0.94 1.13 0.98
1.08 0.96 1.05 0.81 1.15 0.99 1.26 0.99
1.45 0.99 1.61 0.99 1.16 0.98 1.31 0.95
1.69 0.98 1.49 0.98 1.27 0.95 1.15 0.93
0.54 0.01 0.95 0.17 0.64 0.02 1.12 0.95
1.48 0.99 1.51 0.99 1.31 0.99 1.36 0.99
0.68 0.02 0.92 0.05 0.86 0.08 1.04 0.98
0.99 0.44 1.14 0.88 1.01 053 1.06 0.75
0.49 0.01 0.62 0.03 0.42 0.01 0.53 0.02
RR: P(RRi>1) RRi P®RRi>1) RRo P®RRp>1) RRo P(RRp>1)
0.63 0.02 0.85 0.11 0.52 0.01 0.79 0.02
0.61 0.02 0.65 0.03 0.64 0.02 0.73 0.04
0.51 0.01 0.55 0.01 0.62 0.01 0.99 0.43
0.36 0.03 0.36 0.03 0.46 0.05 0.54 0.07
0.36 0.01 0.36 0.01 0.46 0.02 0.54 0.02
0.59 0.01 0.75 0.02 0.65 0.01 0.68 0.02
0.49 0.01 0.69 0.03 0.57 0.02 0.62 0.03
0.37 0.02 0.43 0.03 0.32 0.01 0.47 0.03
0.55 0.01 0.75 0.06 0.62 0.03 0.82 0.08
0.57 0.01 0.76 0.02 0.65 0.01 0.63 0.02

RRur: Relative Risk of PLC Incidence; RRo: Relative Risk of PLC mortality; P: a posteriori probability of

RR > 1.

Among Eastern European countries, Czech Republic, Hungary, Moldova, Romania

and Slovakia showed the highest RRs of PLC incidence for both sexes with high

posterior probability of RR greater than 1. In men, mortality data in this area showed
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a similar pattern. In women, all countries showed RRs greater than one with the

exception of Belarus (RR death by PLC: 0.62) and Ukrania (RR death by PLC: 0.53).

The lowest RRs of PLC incidence among Northern European countries were found in
Iceland and Ireland with identical RR (RR: 0.36) for both sexes. The highest RRs of
PLC incidence in men were found in Denmark (RR: 0.63), Estonia (RR: 0.61), United
Kingdom (RR: 0.57) and Sweden (RR: 0.55). PLC incidence in women showed a
similar pattern but adding Latvia (RR: 0.75) to those countries with high PLC risk.
Finland was the country with highest RR of death by PLC in women (RR:0.99) with a

posterior probability of 0.43 of RR greater than 1.

Among Southern European countries (7able 4.5), Italy and Greece showed the highest
RRs of PLC incidence (RR men Italy: 2.37; RR Women Italy: 2.09; RR men Greece:
1.91; RR Women Greece: 1.81) and PLC mortality (RR men Italy: 1.87; RR Women
Italy: 1.78; RR men Greece: 1.67; RR Women Greece: 1.76), these RRs being the
highest for both sexes among all Europe. In the same area, Spain showed high RRs of
PLC incidence (RR: 1.36) and PLC mortality (RR: 1.25) in men, followed by Croatia
(RR incidence: 1.07; RR death: 1.37) and Macedonia (RR incidence: 0.96; RR death:
1.06). Malta, Portugal and Slovenia showed PLC RRs lower than 1 in women, with

also low probability of RR greater than 1.
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Table 4.5. Southern and Western European countries: a posteriori Relative Risks of incidence
and mortality by PLC for both sexes and their a posteriori probability of Relative Risks greater

than 1.

Southern Europe

Albania

Bosnia & Herzegovina
Croatia

Greece

Italy

Macedonia

Malta

Portugal

Slovenia

Spain

Serbia and Montenegro

Western Europe

Austria

Belgium

France

Germany
Luxembourg
The Netherlands
Switzerland

PLC Incidence PLC Mortality
Men ‘Women Men ‘Women
RRi  P(RRi>1) RRi P®RRi>1) RRo P(RRo>1) RRp P(RRp>1)
0.79 0.01 1.14 0.82 0.97 0.37 1.33 0.99
0.84 0.05 1.14 0.89 0.99 0.46 1.25 0.98
1.07 0.86 1.37 0.99 1.08 0.89 1.13 0.93
1.91 0.99 1.87 0.99 1.67 0.99 1.76 0.99
2.37 0.99 2.09 0.99 1.87 0.98 1.78 0.96
0.96 0.34 1.12 0.79 1.06 0.71 1.31 0.99
0.48 0.01 0.49 0.03 0.53 0.01 0.47 0.01
0.82 0.12 0.68 0.03 0.81 0.09 0.67 0.05
0.76 0.01 0.61 0.01 0.94 0.23 0.81 0.09
1.36 0.99 1.12 0.95 1.25 0.96 1.16 0.98
0.75 0.34 1.15 0.99 0.97 0.21 1.38 0.99
RR: P(RRi>1) RRi P(RRi>1) RRo P(RRp>1) RRbp P(RRp >1)
1.17 0.98 1.12 0.96 1.06 0.95 091 0.04
0.63 0.02 0.81 0.05 0.68 0.03 0.81 0.09
1.55 0.99 0.98 0.21 1.69 0.99 0.96 0.18
0.63 0.01 0.66 0.06 0.73 0.08 0.79 0.09
0.64 0.01 0.61 0.01 0.75 0.03 0.73 0.02
0.27 0.02 0.25 0.01 0.37 0.03 0.46 0.04
0.85 0.25 0.65 0.01 0.87 0.15 0.59 0.01

RRt: Relative Risk of PLC Incidence; RRo: Relative Risk of PLC Mortality; P: a posteriori probability of RR >1.

Among Western European countries (see 7able 4.5), the highest RR of PLC incidence

and PLC mortality in men was found in France (RR incidence: 1.55; RR death: 1.69),

this country being the third in the ranking of European countries with high incidence

and mortality by PLC in men. However, the RR of incidence and death by PLC for

women in this country showed low posterior probability to be greater than 1. Austria

also had high RRs of incidence (RR: 1.17) and death (RR: 1.06) by PLC in men and the

highest RR of PLC incidence in women in Western Europe (RR: 1.12) with high

posterior probability of RR of PLC incidence greater than 1 (0.99). The lowest RRs of

PLC incidence in men (RR: 0.27) and women (RR: 0.25) among all European countries
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were observed in The Netherlands. RR of death by PLC in this country was also the

lowest among Western countries in men (RR: 0.37) and women (RR: 0.46).

Figure 4.3. Distributions of the log-SIR and log-SMR values and their posterior model fitted
log relative risks.

Incidence Men Incidence Women

00 0.2 04 06 08 1.0
00 0.2 04 06 08 1.0

Mortality Men Mortality Women

0.0 02 04 06 08 1.0
0.0 02 04 06 08 1.0

Figure 4.3 depicts the effect of the smoothing of the PLC SIR and PLC SMR values,
comparing the distribution (density estimates) of log-SIR and log-SMR values for both
sexes jointly with their corresponding posterior log-RRs. Note the robustness of the
log-SIR and log-SMR values, which is reflected in the similarity of the crude

probability density and posterior (model fitted log-RRs) density of these values.

Figure 4.4 shows the projected RRs of incidence and death by PLC for both sexes. RRs

showed a gradient north-south for all strata of PLC data and for both sexes. Southern
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Europe, some countries of Eastern Europe and Austria and France had the highest RRs

of incidence and mortality by PLC.

Figure 4.5 shows the map with the a posteriori probability of RR of PLC data in order
to assess the magnitude of the fitted PLC RRs. For both, incidence and mortality data,
countries with posterior probability greater than 50% for PLC RR greater than 1 were

located in Southern European and some Eastern European countries.
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Figure 4.4. Maps of the a posteriori (model adjusted) RRs of incidence and death by PLC for both sexes.
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Figure 4.5. Maps of the a posteriori probabilities of RR>1 of incidence and death by PLC for both sexes.

(@) Incidence in Men: P(RR>1)

(c) Mortality in Men: P(RR>1)
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Discussion

Statistical methodology

This descriptive analysis has been related to a disease map reconstruction on the basis
of an ecological analysis'®!, because the aim has been to describe the relationship
between geographical variation of PLC risk and explanatory covariates. We have
performed an analysis of the spatial variation of PLC taking into account HCV and
HBYV exposures in a country-area level. The model considered to explain variability of
PLC incidence and mortality rates included unstructured random effects in order to

deal with extra-Poisson variability and to map the underlying relative risk surface!#’.

The hierarchical Bayesian model proposed for this study has been based on a Poisson-
lognormal model with unstructured random effects. Magnitude of these random
effects is controlled through their precision parameter, usually modelled with a
noninformative prior gamma distribution'¥. It has been tried different prior
distributions for the prior precision of the random effects as well as an Uniform(0,100)
prior distribution for their prior standard error. In the sensibility analysis, it has been
observed that modelling the prior distribution of the standard deviation of those
random effects, the SRF for the model parameters converged better than modelling
the precision of random effects through different Gamma prior distributions (see
Appendix A.3). In that sense, we have modelled the precision of these random effects
by means of their prior standard deviation assuming a Uniform(0,100) prior
distribution. It has been suggested that uniform prior distributions for standard
deviation of parameters of hierarchical models are expected to perform well unless the
number of levels of the variable is approximately below 5!¢2. The use of prior gamma
distributions have been based on previous works on spatial statistics'®® and those

which initially refer to disease mapping and Bayesian methods!47-1641¢, In these works,
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the key assumption was to select an equal prior emphasis on unstructured and

structured heterogeneity (clustering).

In our model we also considered an “European area” covariate. Thus, countries
included in the same area should have similar risks. With this approach we included
the effect of “distance” between countries in terms of geographical area. Alternative
ways to attempt with the notion of “distance” is to assume a structure for that effect,
modelled by a multivariate distribution. An example of this last could be the Besag-
York-Mollié'® model, as a generalization of the Poisson-Normal-CAR (Conditional
Autoregressive) model'®”. This model assumes that model parameter values in the
neighbouring countries are similar. We believe that this assumption has more sense in
the small-area analysis than in our country-area analysis due to greater similarity
among districts or towns than among countries. In addition, this “European area”
covariate had the role of random intercept in models M2-M6 with four levels. If this
covariate included more than 4 levels, then it might be appropiate to model its prior

variance through a simulation study.

In this analysis, it has been assumed that observed number of cases was Poisson
distributed. In all countries the observed number of cases were greater than 50, and a
normal distribution for that variable could also be assumed!#1%, It has not been
determined if this last issue could affect the final results, although the Poisson

distribution for the number of cases seems to be the most reliable.

It has been observed the robustness of the SIR and SMR values by PLC due to those
were calculated with large populations, although the fitted RRs have shown still large
variability. However, one advantage of this country-area modelling of PLC risks was
to determine the a posteriori probability of the high-risk and low-risk areas for PLC
incidence and mortality. These probabilities showed also heterogeneity among RRs
due to the number of cases included in each country. As an example, we have

detected that Belgium and The Netherlands (Western European countries) have the
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same posterior probability of RR of death by PLC (0.03) but different PLC RRs values
(RR Belgium: 0.68; The Netherlands: 0.37).

Three dispersed chains have been considered in this study with a burnin of 10,000
samples for each model and gathering the next 50,000 samples. Autocorrelation of
parameters in the samples was initially found in M3-M6 until at least lag 5. That was
the reason why we chose to keep the sample values from every 10" iteration. We
have observed that the inclusion of the area covariate in M2 provided a reduction in
DIC, pD and a posteriori standard error of unstructured random effects, ((7z)%),
compared with those of M1. That reduction was clearly observed when adding both

HBYV and HCV covariates.

A relevant limitation in our study was the non-availability of HBV and HCV
prevalences stratified by age and sex for each country. It has long been understood
that the standardization of the dependent variable in a regression framework without
accounting for age, sex or some other set of confounders could be problematic. It has
been demonstrated that state-level associations between mortality rates and several
socioeconomic variables may be extremely sensitive to different age-adjustment

methods!®°.

Finally, we suggest two alternative analysis in order to account for extra Poisson
variability: in the first one we could assume that observed cases follow a mixture of
probability distributions!'®#1”0 and in the second one, we could perform a joint analysis
of incidence and mortality by PLC in both sexes by means of their joint modelling.
The basis of the methodology for the first one has been developed previously in
Chapter 3, whereas multivariate methodology for spatial data has been developed

recently based on multivariate Poisson models!7":172,
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Ecological and epidemiological analysis

In Europe, high risk areas for PLC are located in Southern and Eastern European
countries and HCV prevalence could explain part of the observed variability on PLC
risk. These results are in agreement with the previous published studies?”?. Italy and
Greece showed the highest incidence and mortality from PLC with also high HBV
and HCV prevalences.

The relation between HCV exposure and the significant increase on PLC incidence in
Italy over de last decades has been related with the large cohort of subjects infected
with HCV via the iatrogenic route before the 1960s!73174. In Greece, HBV represents
the major aetiological factor of PLC”>. However, in this country it has been reported
a decrease of HBV in the role of PLC aetiology and a significant increase of HCV'7,
This issue has been evaluated in a simulation study which pointed out the expected
increase in HCV-related morbidity in the next 20-30 years!’”7%. In Spain, where it has
not been reported at present any increase of incidence and mortality rates from PLC,
HCV infection and alcohol have been suggested as the main aetiological agents for
PLC!7%18 The predominant role of HCV and alcohol consumption in the PLC risk has
been also described in several countries, as in France*?!8!, Austria'®?, Germany'®® and

Sweden!s4.

In Europe, the lowest RRs for PLC were found in The Netherlands, a Western
European country. Although this country has low HBV and HCV prevalences, there

has been detected an increase of PLC mortality during the last decade!®.

In our study, some former communist European countries showed low risk of PLC,
whereas HBV and HCV prevalences were the highest among those European
countries included in our study. However in these countries, high PLC risk were
confirmed in Romania, Croatia, Czech Republic, Hungary, Moldova, Slovakia, Poland,

Bulgaria and Hungary. In some of them it has been reported the lack of safety in
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transfusion therapy'®'® which entails a risk of transmission of hepatitis. Some
studies have also detected that HBV and HCV co-infection are relatively frequent in
some Eastern countries'®*!%!, respect to the coinfection prevalence observed in the rest
of European countries. In Albania, where prevalence of HBV is high (more than
7%)'58, there was found those RRs greater than 1 for both incidence and mortality in
women. In this line, high RRs of PLC in women have been also observed in Bosnia
and Herzegovina, Macedonia and Serbia and Montenegro, but in this countries data

was based on estimates.

We have observed that countries with HCV prevalence greater than 2% showed an
IMRR of PLC incidence and mortality in men (IMRR incidence: 1.78, 95% CRI: 1.15 —
2.73; IMRR mortality: 1.48, 95% CRI: 1.14 — 1.93) and in women (IMRR incidence:
1.36, 95% CRI: 1.09 — 2.25; IMRR mortality: 1.28, 95% CRI: 1.05 — 1.75). These results
are in concordance that HCV infection will play the most important role nowadays
and in the years to come’. This is sustained by the decreasing role of HBV, specially
after the universal HBV vaccination programs initiated for most countries!?, with the

exception of some countries of Eastern Europe.

We should note substantial limitations in this study: i) the association between PLC
and HBV and HCV exposures are at a country level due to data for individual level
(age-sex distribution) was not available (possible ecological bias), ii) HVB and HCV
prevalences and PLC incidence and mortality rates were estimations for some
countries, mainly in Eastern Europe. These estimations have been obtained on the
basis of the incidence and mortality rates of the neighbour countries, iii) a future
analysis should include the effect of alcohol consumption, another risk factor for PLC
which has not been taken into account in our analysis. A recent analysis, performed
in the context of the World Health Organization's Global Burden of Disease 2000
project, ascribes 32% and 25% of worldwide cirrhosis and hepatocellular carcinoma

cases, respectively, to alcohol'?2. All these limitations should be taken into account in
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the interpretation of results that only could suggest a possible pattern of the PLC
burden in Europe.

In conclusion, this disease mapping study could depict the pattern of PLC distribution
in Europe at the beginning of 21 century where the high risk areas are Southern and
Eastern Europe. There may be an underestimation of PLC incidence and mortality
rates in some Eastern European countries due to the low PLC RRs detected in contrast
with their high HBV and HCV seroprevalences observed. It is necessary the
implementation of population-based cancer registries in these countries, as well as to
carry out studies to determine viral infections prevalence across Europe by sex and
age-groups in order to predict the future impact of this infection on the temporal

trend of PLC.
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hapter 5



Time trends In liver disease in Spain
during the period 1983-97



Background

In the period 1978-92, PLC incidence rates have shown a decline in some high-risk
populations of Asia, such as Chinese populations of Singapore and Shanghai, as well as
India?. However, PLC incidence has been increasing in some developed countries, as
in Australia, UK., U.S., Canada, Japan, France and Italy?642474978.193194  An increase
between 83% and 108% in PLC incidence has been reported in these last two
European countries?®1231%_The increase on PLC incidence rates in Southern European
countries, which have a mean HCV prevalence greater than the European mean',
could be explained by HCV infection?. However, there has not been detected an
increase on incidence and mortality of PLC rates in the same period in Spain, also a
Southern European country, although its HCV pattern (0.5% to 2.5%) is similar to

that of Italy (HCV prevalence: 2.2%)!>19-1%,

PLC time trends were evaluated in Catalonia for the period 1980-97°°. In that study, it
was found an increasing trend in cholangiocarcinoma mortality rates for both sexes,
whereas hepatocellular carcinoma incidence and mortality rates remained stable. On
the other hand, a significant increase of liver cirrhosis mortality was detected in 25-35
year old males, while cirrhosis mortality rates fell for both sexes in the other age

groups .

Coding recommendations of PLC and liver metastasis changed slightly from the 8 to
the 9% revision of the ICD. These were implemented after 1965 and 1975,
respectively®®2, whereas the 10* revision was introduced in 1992%. The impact of
coding practices in mortality statistics is relevant in PLC, although it has probably
been overestimated in relation to that impact of improving diagnostic technology
such as ultrasound and Computed Tomography, as well as on the screening practices
among cirrhotic patients and chronic carriers of HBV or HCV infections. This

temporal variations in the implementation of the diagnostic techniques and the
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changes in the codification criteria of PLC makes difficult to interpret the time trends
of PLC. In Spain, about 90% of the PLC cases have an underlying cirrhosis!®®, being
this an additional source of error due to the fact that some PLC deaths can be
attributed to cirrhosis in mortality statistics?®. Therefore, comparison of time trends

among countries should be done cautiously?.

The study presented in this chapter has been designed in order to estimate the time
trends of mortality and incidence rates due to chronic liver disease in Spain during
the period 1983-97. This study will allow us to determine: 1) incidence and mortality
trends by liver tumors and 2) mortality trends of liver cirrhosis in a long period (15
years) using the same version of ICD (9"). Liver cancer data will be analyzed
separately by: hepatocellular carcinoma, cholangiocarcinoma and liver cancer

“unknown” if primary or metastatic.
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Hypotheses

1) In Spain, based on the pattern of PLC incidence in its neighbour countries and in
the prevalence of HCV, it should be expected an increase of the incidence of PLC

during the last two decades.

2) There could be an increase of mortality by liver cirrhosis in men younger than 40

years as it was reported previously in Catalonia.

3) There is expected an increase of cholangiocarcinoma mortality for both sexes in

Spain, as well as it has been observed in several industrialized countries.
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Sources of data

Liver cancer incidence and population data were extracted from the Cancer Incidence
in Five Continents Database, based on data collected by the IARC?!. Data have been
selected for three 5-year periods and for twelve 5-year age groups. Based on the ICD
on its 9% revision, the codes selected for liver cancer were: Global Liver Cancer (155),
hepatocellular carcinoma (1550), cholangiocarcinoma (1551) and liver cancer
“unknown” if primary or metastatic (1552). Five Spanish cancer registries had data
available during the period 1983-97: Tarragona, Granada, Murcia, Navarra and
Zaragoza. These cover about 10% of the Spanish population. The annual average of
person-years obtained for the last 5-year period (1993-97) was 3.9 million. Data were
aggregated and a total of 4,030 incident liver cancer cases (2,596 men and 1,434

women) were diagnosed throughout1983-97.

PLC mortality data was extracted from the National Statistics Institute of Spain, which
depends on the Spanish Government. Data for the whole Spanish population was
considered. Codes selected from ICD-9 were identical to those selected for incidence,
adding liver cirrhosis (ICD-9 code: 571). The annual average of person-years obtained
for the last 5-year period (1993-97) was 40.1 million. A total of 61,647 death cases by
liver cancer (36,913 men; 24,734 women) and 117,002 death cases by liver cirrhosis

(80,608 men; 36,394 women) were observed during the period 1983-97.
For this analysis, cases were selected with ages comprised between 20-79 years,

because liver disease is a rare disease for subjects younger than 20 years. Cases were

grouped by 5-year age groups, so for each year there were available 12 age-groups.
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Statistical methods

In this section we introduce the methodology used to estimate incidence and
mortality trends of liver disease, by means of an age-period-cohort (APC) analysis
based on the Bayesian approach. APC analysis allows us to summarize information
related to disease rates with the aim of assessing the effect of these three factors on the

rates.

Age is a variable which represents the effect related with the duration of the
exposition to some risk factors of one disease?’24, Period and birth cohort effects seek
to explain changes in the rates associated with time222%4, Period effect represents
change in the rates associated with all age groups simultaneously?>2%, reflecting
improvements in treatments or changes in the registration procedure of the disease.
However, cohort effect is associated with a change in rates in successive age groups in
successive time periods?>?%. Cohort effects are associated with habits or exposures
related with different generations?24, such as HCV infection as an example for PLC2.

These exposures took place in a certain moment of the life of individuals.

The classical approach to descriptive analysis of registry data has been to tabulate
incidence (or mortality) data in rectangular (usually 5x5 year) subsets of the Lexis
diagram?®. Recently, Holford has been developed a new approach to perform these
analysis combining unequal intervals?®. In our study, time intervals have been fixed
to 5 years. Section A.4 of the Appendix includes the WinBUGS code for the models

and methods described below.
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Age, period and cohort tabulation

Cancer cases are tabulated by age and date of diagnosis (period) in 5-year intervals.
Data was arranged in three periods (P) (1983-87, 1988-92, 1993-97), and twelve age

(A) groups (from 20-24 to 75-79). From this data, birth cohorts can be calculated as

Cohort = Period - Age (26).

Then we have C = A + P — 1 = 14 birth cohorts with central years 1908, 1913, 1918,...,
1973. The linear relationship (26) leads to the problem of overlapping cohorts, as
have previously discussed Clayton and Schifflers?®627 and Holford?42%, Counts of
cases and person-years are indexed from i=1,...,A-P, so an individual cohort, c, can be
followed depending on period, p, and the number of age groups, A, through c=A+p-1,
as 7able 5.1 shows.

Table 5.1. Indexing of cases and person-years, indexed by i, according to age and period for
observed data with A=12, P=3 and C=14.

20-24 (a=1) 25-29 (a=2) 30-34 (a=3) ... 70-74(a=11) 75-79 (a=12)
1983-87 (p=1) i=1,c=12  i=4,c=11  i=7,c=10 ..  I=31,c=2 i=34, c=1
1988-92 (p=2) i=2,c=13  i=5,c=12  i=8,c=11 ..  I=32,¢=3 i=35, c=2
1993-97 (p=3) i=3,c=14  i=6,c=13  i=9,c=12 ..  1-33,c=4 i=36, c=3

Rates can be modelled as function of age, period and cohort, so the dataset should

include the variables O,, and Y,,,

O beign the observed number of cases, whereas
Y is the person-years (population) at risk for the age group a, period p, and, by
equation (26), the implicit c cohort. Let O,, be the observed response, ln(Yap) be the
offset, and let the age, period, and cohort be the categorical explanatory variables in a

Poisson model. An estimate for the crude rate A in a certain age-period-cohort

combination would be
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. 0
Ala, p) = Yap (27).

ap

These rates can be modelled with several combinations of the explanatory variables:
age effect (AE) model, age-period (AP) model, age-cohort (AC) model and the full
APC model. However, a lack of identifiability among parameters arises when APC is
the model selected due to the linear relationship between age, period and cohort
effects (see equation 26)204206207209211 | The use of a reduced age-period (AP) or age-
cohort (AC) model whenever possible has been advised because effects are identifiable
in these two models?%?”. The APC model is required only when neither of these

models provides a satisfactory fit26207, Details of such models are described below.

Age-period model

The age-period model states that the age-specific rates have the same shape in all

periods. This model has one parameter per age class and one per period. Let A(a, p)

be the incidence (or mortality) rate for the age group a in the period p. The model for

the log-rate is defined as
log(A(a, p)) =, + B, (28),

being the a, the logs of age-specific rates, and the /3, the effects associated with
periods. The natural constraint is to fix one period parameter to be 0, /5, =0, so
log(A(a, p,)) = a, for the period p,. Comparing rates in any age class between
period p and period p, gives log(4(a, p)/ A(a, p,)) = f3,, so the B, are log rate-
ratios relative to the reference period p,. The age-specific rates are cross-sectional

rates which refers to the period p,, reflecting what we expect to see in a population

during a short period of time. In addition, period parameters describe how these rates

change as a function of time.
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Age-cohort model

The age-cohort model is similar to the age-period model. In this model the age-
specific rates have the same shape for any cohort. Following the AP model, let

A(a,c) be the observed incidence (or mortality) rate for the age group a in the

cohort ¢, and then the model for the log rate is
log(A(a,c))=«a, +V. (29),

being the «, the logs of age-specific rates, and v, the effects associated with cohorts.
If we set one cohort parameter to be 0, v, =0, then log(4(a,c¢,)) = a, for the cohort
¢,. As we have seen for periods, comparing rates in any age class between cohort ¢
and cohort ¢, give log(A(a,c)/ A(a,c,)) =V., so the v, are log rate-ratios relative to
the reference cohort ¢, . It should be noted that the estimates relating to the youngest

and oldest cohorts are less precise because those are based only on a few cases.

Age-drift model

If we replace the period parameters in the AP model (28) by a linear trend in log-rates

then the log rate-ratio should show a straight line. The Age-drift (AD) model is
log(Aa, p)) =, + B(p = p,) (30).

If we assume that £ L, = B(p—p,),then we can also perform the same change in the
AC model (29) for the cohort parameters and then we obtain v, =v(c—c¢,). Point

estimations and standard errors of v and f are identical from the likelihood point of

view?®, But there is only one age-drift model, and its interpretation of this is that

. . . . v
rates increase exponentially by time (calendar time or cohort) at the factor ¢ =e ,
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which is the annual percent change (APCH) of rates?%2” for all age classes. Thus the

AD model is a model which belongs to the set of both AP and AC models.

Age-period-cohort model

If we add the cohort variable as a factor into an AP model, with 1+(A-1)+(P-1)
parameters, we get only C-2 and not C-1 new parameters due to equation (26) and to

the common “drift” term of both AP and AC models.

There are different ways to obtain several sets of estimates for those effects. Suppose

first that we have fit the following model
log(A(a,p))=a,+ B, +V. (31),
second, let us define three constant values such as

0,+0,+0,=0=6,=-0,-0 (32),

p» Y

and third, let us remember the relationship among parameters, that is
c=p-a<sa-p+ce=0 (33).

Therefore, we can add (32) and (33) to (31) and replace the last by

log(A(a,p))=(a, +6a=0,-6,)+(B,-6p+0,)+(v,+5c+6,) (34),

where O is a constant term. This parameterization, which sets certain period and

cohort effects to 0, involves to choose values for the parameters Hp ,0. and J.
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For that reason, we can define infinity of models related with the lack of
identifiability of the APC model. In this last model we can only identify
mathematically the second order differences associated with each of the effects due to

the constants 9p,6’c and & (linear trend) will cancel when we form the second order

differences?04206207.209 As example, the second order differences associated with the age
effects are (o, —,,,)— (@, —a,,,)=a, —2a,, +a,,,, so they are one difference
between two first order differences of parameters. These second-order differences are

the curvatures of the parameter estimates, so deviations from linearity are

eStimable204,206207,20972l 1

Holford?? showed that the deviations for age are the residuals from a linear
regression of the estimated age effects, and similarly for the period and cohort
deviations and curvatures. Holford suggested to first fit a model with any
parameterization of the effects, and then regress the age estimates on age, the period
estimates on period and cohort estimates on cohort. These deviations are not
independent of each other but the curvatures are local curvatures not influenced by
the curvatures at intervals far apart, although curvatures for adjacent intervals are
correlated as they have estimated effects in common. So the curvatures and deviations
are linearly related. Following this approach and performing all these regression

analyses, the APC model is defined as

log(A(a, p)) =(aat p,+6aa)+ (B, + 1, + 6, P)+ Vet p +6c¢) (35),

AA

where (a,ﬂ,vj are the residuals and (ﬂ,ﬁj are the regression parameters. The

residuals are on average 0 across age, period and cohort, respectively. The Holford’s
approach and suggestion for parameterization is based on a biological point of view. It
assumes that age is the major time scale, period is the secondary and cohort is the

residual. The last represents the curvature effect among birth cohorts. This means that

154



cohort effects should be 0 on average, period effect should be relative risk relative to
some reference period and age effect should represent age-specific rates in a reference

period after correction of cohort effects that are 0 on average.

Based on the previous approach and using (35), we can define

2= Ve =v, ~(,+6.¢) 36),

where g(c)is a function of the cohort effect. The time trends should then be

absorbed by a function of the period effect, /(p), as

W(p)=B,- B, +6p-py) @7,

whereas the remaining function of the age effect, f(a), is

fl@=a,+u+6ca+depy+p, (38)

In this parameterization we can verify that f(a)+h(p)+g(c)=«a,+f, +Vv,, and

this is a way of partitioning the effects in a well defined form between the three
factors. The role of period could be equally interchanged in this parameterization,
such that we can assume, for example, that period is the residual time scale. This way
to overcome the non-identifiability problem is based on one approach to estimable

ful'lCti0n8204’206‘207’209_211.
There has been proposed other ways to overcoming non-identifiability problem.

Among others, some of them involves imposing constraints on the parameters?*2!2

whereas some another use individual records of cases?!3. In this work we do not deal
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with those, because the interest has been to test whether deviation from linearity is

clinically or epidemiologically relevant.

Bayesian approach to age-period-cohort models

In order to smooth effects on each scale on time, Gaussian autoregressive prior models
in the forward direction were proposed by Breslow and Clayton?'* and later by
Berzuini and Clayton?"> and Bray?'¢2!8, In these models it was assumed that second
differences are independent normal covariates. Trends corresponding to age, period
and birth cohort were smoothed using second degree autoregressive smoothing (non-
parametric smoothing with autoregressive error component). For age, period and

cohort these resulted in linear extrapolations.

Let us suppose O,, ~ Poisson(A(a, p)Y,,), where A(a,p) can be estimated with
log(A(a, p)) =log(¥,,) + M(a, p,c), where M(a,p,c) varies according to the

complexity of the model considered: A, AD, AP, AC, APC. Each one of the effects has

been modelled with an autoregressive structure as follows:

7, ~N(©0,10°7)
V217~ N(0,10°7)

VvV ¥, ~NQy, = 7,007, (39)
7, ~ Gamma(0.01,0.001)

1
O'}/ = 7

where y could be a or for v, r the number of levels of that effect and 7, is the

precision parameter (inverse of the variance parameter ¢, ) with non-informative

prior distribution?'”. The drift parameter of the model AD assumes also a normal prior

distribution with mean 0 and precisionz,, for which a non-informative prior
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distribution was assumed, as in (39). In these models we imposed “corner” constraints

for period parameters, ﬂ1983_87 =0, and cohort parameters, V,y;; =0, in order to have

a reference category for each parameter. Note that successive first order differences
between parameters are assumed to be equal in (39). As example, if we consider the
first three age parameters, {al,az,a3 } the equality assumption on subsequent first

o, +a,
2

order differences means (a; —a,)=(a, —a,) < a, =20, —-a, < a, =
Bashir and Esteve?® modelled the full age-period-cohort model based on (39) but
adding a constraint on the second order differences related only with the age
parameters. For this constraint it was assumed that one second order difference is
estimated as the mean on the previous and subsequent second order differences. So

the age effect in this APC parameterization is defined as

ai |aj3j¢i~N(ﬂal’10_6Ta)
Mg =20, 0y

20, +4a; —-a,

Ha, 5
da.  +4a.,. —a. , —a,
’Lla,' = al_l al+l6 al—Z aH—Z’ 3<Z<A_2
40).
2, +4a, ,—-a,, (40)
/JaAfl = 5

Ho, = 20, —a,,
7, ~ Gamma(0.01,0.001)

This mean that for any given age point (3<i<A-2) the conditional expectation of the
age effect is obtained through cubic interpolation from the two points on the other

side?19,
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We will denote as APC2 model the model proposed by Bashir and Estéve, whereas the
previous APC parameterization initially proposed and applied by Clayton, Breslow,

Berzuini and Bray will be denoted as APC1 model.

One of the applications of both models was projections rather than estimation of the
effects. In that models, the use of autoregressive smoothing eliminates the random
fluctuation that usually occurs with the uncorrected maximum likelihood estimate of
the parameters?’®. It should be noted that APC logistic models have also been
proposed??0221, but we focused the analysis on those based on Poisson regression

models.

Procedure of analysis and evaluation of the
deviation from linearity in the age, period and cohort
effects

The analysis of this part of study has been performed through a graphical

representation of trends and a model selection procedure.

5.4.7.1. Graphical representation of trends

There has been performed two graphical representations: a) the age-adjusted rates to
the world standard population'® per 100,000 person-years by calendar year and b)
crude rates versus birth cohorts and 5-year periods of diagnosis (incidence) or death
(mortality). By means of the first plot it could be detected the increase/decrease of
rates throughout the period. We can evaluate the statistical significance of these time
trends by means of a log-linear model fitted to the age-adjusted incidence/mortality

rates. Let 77, be the age-adjusted mortality/incidence rate for the 7 year and let us

assume Poisson distribution for those rates. Therefore, we can fit a linear model as
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n, ~ Poisson(y ;)
log(y,) =+ pii
o~ N(0,0.01)
o~ N(0,0.01)
0<i<l14

k= (e” —1)100

(41),

where /; is the mean of the rates, ® and p the intercept and the slope of the log-

linear model, respectively, and finally K& the APCH, throughout the 15-year period
1983-97. Note that in (41) the reference year was 1983 (i=0) and APCH could be also

calculated with the AD model.

In this first step, the second graphical representation was to represent birth cohorts
and periods versus crude rates. That was a way to see whether the major variation in
these rates were by cohort or period, and, if this was true, curves were parallel

between age groups.

5.4.7.2. Choice of model for the APC analysis

We determined which was the best fitting model, based on the criteria of D/C' and
pD'® that we described in Chapter 4. In this case we started with the AE model,
followed by the AD, AP and AC. We also estimated the APC1 and APC2 models in
order to evaluate whether the full APC model was required. If the APC model was
the chosen one to explain variability of rates, then we determined if there was
deviation from linearity in cohort effects by means of a model based on the residual
approach proposed by Holford, which we have described in (5.4.5)-(5.4.6). For

deviations from linearity of the cohort effect, we have:
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v, ~N(u,.7,)

H, =H. + 0.

vi=,—1,)=Vs

. ~ N(0,0.001) (42),
0, ~N(0,0.001)

1<¢, <14

7, ~ Gamma(0.01,0.01)

being v, the point estimates of the 14 cohort effects, and 7, are their prior

precision. Note that residuals, v;, have been estimated using the reference cohort of

1933 (v¢).
Following Holford method, for the period effects we have:

B~ N(ﬂﬁiarﬁ )

Bi=uy =y +0.(p; = Do)

ty ~N(0,0.1) (43),
7, ~ Gamma(0.01,0.01)

1<i<3

p, =1985

where f3; are the point estimates of the 3 period effects and 74 their prior precision.

Note that the central years for the three periods are p = {1985,1 990,1 995} and the

reference period is 1983-87.

For the age effect we have
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cli ~ N(lua[’z-a )

A=, + U, +6,a,+8,p,+ B,

u, ~N(0,0.1) (44),
r, ~ Gamma(0.01,0.01)

1<, <12

being «; the point estimates of the 12 age effects and 7, their prior precision. Note

that through (42) to (44) it has been used Gamma(0.01,0.01) as prior distributions

for the precisions of the parameters (see Sensibility Analysis on Appendix A.5.)

As we did for the geographical analysis of Chapter 4, for each model it has been run 3
chains with 60,000 simulations and 10,000 burning samples, storing the samples from
every 10% iteration. Statistical significance for the APCH has been established on the
basis of the 95% credibility interval of this parameter. If that interval does not include

the value 0, we have then assumed that the increase/decrease observed is significant.
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Results

Regular trends: age-adjusted rates by calendar year
and period

Figure 5.1 and Table 5.2 shows mortality and incidence age-adjusted rates for liver

disease, by sex, throughout the period 1983-97 in Spain.

Figure 5.1. Trends in age-adjusted mortality and incidence rates of liver disease in Spain
during the period 1983-97.
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Table 5.2. Annual Percent Change in Mortality and Incidence rates from liver disease in Spain
during the period 1983-97.

Men Period Period 83-97
83-84 96-97 APCH (95% CRI)
Liver Cirrhosis Mortality
N 11,822 8,661 80,608
AAMR 27.3 14.9 -3.1(-5.1,-1.9)

Liver Cancer Mortality

N 4,547 5,438 36,913
AAMR 9.6 8.4 -0.5 (-0.9, -0.1)
Liver Cancer Incidence
N 263 445 2,596
AAIR 5.8 7.1 2.1(1.3,7.2)
‘Women
Liver Cirrhosis Mortality
N 4,902 4,008 36,394
AAMR 8.8 4.8 -29 (-6.2,-1.3)
Liver Cancer Mortality
N 3,757 3,071 24,734
AAMR 6.4 29 -4.2 (-7.3,-1.9)
Liver Cancer Incidence
N 188 187 1,434
AAIR 2.7 2.2 -0.5(-1.3,0.4)

APCH: Annual Percent Change; 95% CRI: 95% credibility interval; AAMR: Age-Adjusted Mortality
Rates per 100,000 person-years; AAIR: Age-Adjusted Incidence Rates per 100,000 person-years; N:
Number of cases.

Table 5.2. shows that the significant fell in Liver Cirrhosis mortality rates in men was
similar (APCH:-3.1%) than the observed in women (APCH=-2.9), whereas liver
Cancer mortality rates in men decreased slightly (APCH=-0.5%) compared with those
of women (APCH=-4.2%). A significant rise in liver cancer incidence was detected in
men (APCH=2.1%; 95% CRI: 1.3% to 7.2%), whereas incidence rates in women

remained stable (APCH=-0.5, 95% CRI: -1.3% to 0.4%).
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Figure 5.2 Trends in age-adjusted incidence rates of Hepatocellular Carcinoma,
Cholangiocarcinoma and Liver Cancer Unspecified in Spain during the period 1983-97.
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Trends in incidence rates of liver cancer according to histological types are
represented in Figure 5.2 and in Table 5.3. In Spain, a significant increase on
hepatocellular carcinoma incidence was detected throughout the period of study for
both sexes (APCH men=6.6%, 95% CRI: 5.3, 9.2; APCH women=4.5%, 95% CRI: 1.4,
7.3). Although it has been estimated a similar increase in cholangiocarcinoma
incidence for both sexes, those were not found to be statistically significant (APCH

men=3.3%, 95% CRI: -1.3, 8.3; APCH women=3.7%, 95% CRI: -1.2, 6.1).
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Table 5.3. Annual Percent Change in incidence rates from liver cancer according histological
types in Spain throughout the period 1983-97.

Men Period Period 83-97
83-84 96-97 APCH (95% CRI)
Hepatocellular Carcinoma
(N) 90 260 1,088
AAIR 1.7 4.4 6.6 (5.3,9.2)
Cholangiocarcinoma
N 15 35 154
AAIR 0.3 0.6 3.3 (-1.3, 8.3)
Liver Cancer Unspecified
N 158 150 1,354
AAIR 3.4 2.2 -1.2(-3.4,2.3)
Women
Hepatocellular Carcinoma
N 32 69 321
AAIR 0.5 1.0 45(1.4,7.3)
Cholangiocarcinoma
N 19 30 163
AAIR 0.3 0.7 3.7(-1.2,6.1)
Liver Cancer Unspecified
N 137 88 950
AAIR 1.8 0.9 -3.5(-5.2,-2.1)

APCH: Annual Percent Change; 95% CRI: 95% credibility interval; AATR: Age-Adjusted Incidence Rates
per 100,000 person-years; N: Number of cases.

Incidence rates of liver cancer unspecified if primary or metastatic for men also
remained stable (APCH=-1.2, 95% CRI: -3.4, 1.2), whereas a significant decrease was
detected among women (APCH=-3.5%, 95% CRI: -5.2, -2.1).
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Figure 5.3 Trends in age-adjusted mortality rates of Hepatocellular Carcinoma,
Cholangiocarcinoma and Liver Cancer Unspecified in Spain during the period 1983-97.
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Figure 5.3 and Table 5.4 show mortality rates according to liver cancer histology.
Graphical pattern of these mortality rates is almost identical to that observed for

incidence rates in both men and women.

166



Table 5.4. Annual Percent Change in mortality rates from liver cancer according to
histological types in Spain during the period 1983-97.

Men Period Period 83-97
83-84 96-97 APCH (95% CRI)
Hepatocellular Carcinoma
N 1,158 3,257 16,198
AAMR 2.3 5.2 6.8 (5.8,8.1)
Cholangiocarcinoma
N 45 433 1,486
AAMR 0.1 0.7 17.1 (135, 21.2)
Liver Cancer Unspecified
N 3,344 1,748 19,229
AAMR 6.7 25 -7.2 (-8.2,-6.2)
Women
Hepatocellular Carcinoma
N 552 1,316 6,904
AAMR 0.7 1.3 5.1 (3.5, 6.3)
Cholangiocarcinoma
N 44 461 1,524
AAMR 0.1 0.7 15.0 (11.5, 19.5)
Liver Cancer Unspecified
N 3,161 1,294 16,306
AAMR 4.4 1.2 -8.6(-9.2,-8.1)

APCH: Annual Percent Change; 95% CRI: 95% credibility interval; AAMR: Age-Adjusted Mortality
Rates per 100,000 person-years; N: Number of cases.

Table 5.4 showed the significant rise in mortality rates for hepatocellular carcinoma
(APCH men=6.8%, 95% CRI: 5.8, 8.1; APCH women=5.1%, 95% CRI: 3.5, 6.3) jointly
with a significant decrease for mortality coded as liver cancer unspecified (APCH
men=-7.2%, 95% CRI: -8.2, -6.2; APCH women=-8.6, 95% CRI: -9.2, -8.1). Note that
hepatocellular carcinoma mortality rates increased in a similar APCH as liver cancer
unspecified mortality rates decreased. In addition, death rates for cholangiocarcinoma
showed a significant rise for both sexes (APCH men=17.1%, 95% CRI: 13.5, 21.2;
APCH women=15.0%, 95% CRI: 11.5, 19.5).
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Trends by age-cohort, age-period and age-period-cohort

5.5.2.1. Liver Cirrhosis mortality

Figure 5.4 shows crude mortality rates by age groups versus birth cohorts and 5-year
periods for liver cirrhosis mortality in men and women. In both sexes, there was
observed a decreasing trend in cirrhosis mortality rates for all birth cohorts with the
exception of those birth cohorts of men comprised between 1950-1965 (Figure 5.4-a
and 5.4-b), for which cirrhosis mortality remained stable (APCH=-6.0, 95% CRI:-21.5
to 13.0). Those cohorts coincide with the age groups comprised between 25-34 years

old.
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Figure 5.4. Liver Cirrhosis: Crude mortality rates per 10° person-years by birth cohort and
period of death according to age group.

(a) Cirrhosis Mortality in Men: Age-Cohort (b) Cirrhosis Mortality in Men: Age-Period
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Table 5.5 shows that DIC values for the AC model (DIC men: 430.1, DIC Women:
358.7) were lowest than those of the AP models (DIC men: 492.7, DIC women:
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516.3), reflecting the importance of the cohort effect for this cause of death. However,
both APC1 and APC2 models were those which had the lowest D/IC and pD values
for both men and women, although differences in D/C and pD values among both
models were minimal. Deviations from linearity for the cohort effect of cirrhosis

mortality were estimated on the basis of both APC1 and APC2 models.

Table 5.5. DICand pD values of the Age-Period-Cohort analysis for liver cirrhosis.

Men ‘Women
Model DIc pD D¢ pD
AE 2008.4 11.8 9484 121
AD 539.3 12.8 533.1 133
AP 492.7 15.6 5163 143
AC 430.1 24.6 3587 255
APCI 397.5 27.7 3524  27.1
APC2 397.7 28.4 3555  27.7

DIC: Deviance Information Criterion; pD: Effective number of parameters; AE: Model with Age effect;
AD: Model with Age and Drift effects; AP: Model with Age and Period effects; AC: Model with Age and
Cohort Effects; APC1: Age-Period-Cohort model with autoregressive smoothing for the age, period and
cohort parameters; APC2: Age-Period-Cohort model as APC1 with constraint on the second order
differences related only with the age parameter.

In both sexes, deviations from linearity of the cohort effect obtained with cohort
parameter estimates did not differ from APC1 and APC2 model. Figure 5.5. represents
deviations from linearity of the cohort effect and the exclusive cohort effect obtained
with an APC1 model versus birth cohorts. In men (Figure 5.5-a), log-rate ratios for
subjects born after 1950 showed the curvature in the cohort effect, assessing that
mortality rates of cohorts younger than 35 had different risk of death than older
cohorts (reference cohort 1933). However, this finding in these younger cohorts was

not clearly assessed for women (Figure 5.5-b).
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Figure 5.5. Logarithm of the rate ratios for deviations from linearity of the cohort effect of
liver cirrhosis in men (a) and women (b) (Cohort exclusive effect obtained with the APC1
model).
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5.5.2.2. Hepatocellular carcinoma

Figure 5.6 represents crude incidence and mortality rates due to hepatocellular
carcinoma by age groups versus birth cohorts for men. Rates rose dramatically during
the study period for men older than 45 (birth cohorts before 1950) for both incidence
and mortality data (Figure 5.6-a). Men younger than 30 did not show an increasing
incidence of hepatocellular carcinoma throughout the period 1983-97 (Figure 5.6-b).
However, mortality data showed the increasing rates of hepatocellular carcinoma
throughoutthe period 1983-97 in all age-groups with the exception of men younger

than 25 years old.
Although mortality and incidence rates due to hepatocellular carcinoma in women

were lower than those of men, these showed a similar pattern. Among women,

incidence rates (Figure 5.7-a and 5.7-b) showed high variability although their rise
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was clearly observed for women born before 1940 (older than 55 years). The rise in
death rates for hepatocellular carcinoma in women (Figure 5.7-c and 5.7-d) was
observed for those born before 1930 (older than 65 years), whereas mortality rates

remained stable or decreased throughoutthe period for women younger than 54.

Figure 5.6. Hepatocellular Carcinoma men: Crude incidence and mortality rates per 10°
person-years by birth cohort and period of diagnosis or death according to age group.
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Figure 5.7. Hepatocellular carcinoma women: Crude incidence and mortality rates per 10°
person-years by birth cohort and period of diagnosis or death according to age group.

(a) Hepatocellular Carcinoma Incidence in Women: Age-Cohort (b) Hepatocellular Carcinoma Incidence in Women: Age-Period
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The extent of this cohort effect was only detected for mortality data through the
model selection procedure described in 7able 5.6. Incidence rates of hepatocellular
carcinoma in men could be explained by an AD or AP model due to those models
showed the lowest DIC values (DIC AD=200.6, DIC AP=207.1). However, the model
with the lowest DIC value for mortality data was the APC2 model (DI/C=308.2),
which has lower number of effective parameters (pD=22.5) than APCI model
(DIC=315.3, pD=27.2). The same pattern was observed for women in the model
selection procedure (Table not shown), being the AP and the APC2 models those

which had the lowest D/C value for incidence and mortality data, respectively.

Table 5.6. DICand pD values of the Age-Period-Cohort analysis for hepatocellular carcinoma:
men.

Incidence Mortality
Model DIC pD D¢ pD
AE 265.7 11.2 919.6 122
AD 198.5 13.8 3674 131
AP 200.6 14.3 3692 141
AC 207.1 25.1 319.7 254
APC1 231.4 245 3153 272
APC2 215.6 19.3 3082 225

DIC: Deviance Information Criterion; pD: Effective number of parameters; AE: Model with age effect;
AD: Model with Age and Drift effects; AP: Model with Age and Period effects; AC: Model with Age and
Cohort Effects; APC1: Age-Period-Cohort model with autoregressive smoothing for the age, period and
cohort parameters; APC2: Age-Period-Cohort model as APC1 with constraint on the second order
differences related only with the age parameters.

Figure 5.8 presents deviations from linearity for the cohort effect and the exclusive
cohort effect obtained with an APC2 model, which has been applied to hepatocellular
carcinoma mortality data. In men (Figure 5.8-a), deviations from linearity of cohort

effect show that risk of death by hepatocellular carcinoma smoothly decreased in
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cohorts born after 1940. For the same cohorts in women (Figure 5.8-b), a dramatic

decrease in mortality rates for this tumor was observed since 1940.

Figure 5.8 Logarithm of the rate ratios for deviations from linearity of the cohort effect of
hepatocellular carcinoma mortality in men (a) and women (b) (Cohort exclusive effect
obtained with APC2 model).
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5.5.2.3. Cholangiocarcinoma

Crude incidence and mortality rates for cholangiocarcinoma by birth cohorts and
period of diagnosis and death in men are represented in Figure 5.9. High variability of
rates was observed with both incidence and mortality data, mainly due to the low
number of incident and death cases observed throughout the period. Incidence rates
rose in men older than 40 years old with the exception of the age group 65-69, for
which incidence rates fell (Figure 5.9-a and 5.9-b). However, mortality rates (Figure
5.9-c and 5.9-d) increased in all age-groups with the exception of men 25-29 years
old, being the rise more pronounced for those older than 55 years old. Figure 5.10-a

and Figure 5.10-b show the high variability of incidence rates for this cause in
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women. As a difference in men, the rise in incidence was more pronounced in women
older than 55. However, the rise in mortality rates for this cause (Figure 5.10-c and

5.10-d) was detected in all age groups during the study period.

Figure 5.9. Cholangiocarcinoma men: Crude incidence and mortality rates per 10° person-
years by birth cohort and period of diagnosis or death according to age group.
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Figure 5.10. Cholangiocarcinoma women: Crude incidence and mortality rates per 10° person-
years by birth cohort and period of diagnosis or death according to age group.
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In the model selection procedure, all models showed similar DIC values for the
cholangiocarcinoma incidence in men (7able 5.7). Based on this criteria, both AE
(DIC=122.5) and AD (DIC=122.6) models could explain variability of this incidence
tumor in men. Note that the effective number of parameters of these models are
similar to the parameters included in the model (AE model 12 parameters and

pD=11.7, AD model 13 parameters, pD=12.3).

Table 5.7.DIC and pD values of the Age-Period-Cohort analysis for cholangiocarcinoma: men.

Incidence Mortality
Model DIC pD DIC  pD
AE 1225 11.7 5742 127
AD 122.6 12.3 213.1 125
AP 123.8 12.4 214.2 14.4
AC 1285 20.4 2241 285
APC1 123.9 10.6 198.5 7.6
APC2 127.1 14.2 199.5 7.4

DIC: Deviance Information Criterion; pD: Effective number of parameters; AE: Model with age effect;
AD: Model with Age and Drift effects; AP: Model with Age and Period effects; AC: Model with Age and
Cohort Effects; APC1: Age-Period-Cohort model with autoregressive smoothing for the age, period and
cohort parameters; APC2: Age-Period-Cohort model as APC1 with constraint on the second order
differences related only with the age parameters.

For mortality data, the APC1 or the APC2 models should be the selected ones due to
those had the lowest DIC values (DIC APC1=198.5, DIC APC2=199.5). However,
these models had much lower number of effective parameters (APC1 pD=7.6, APC2
pD=7.4) than those included in the model (27 parameters: 12 age parameters, 13 (14
minus reference cohort) cohort parameters and 2 (3 minus reference period) period
parameters. This discrepancy could indicate a bad fit of the model, especially if we
compare the pD values of the AE, AD, AP and AC models which are close to the

number of parameters included in the model. For that reason it was considered that
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an AD or an AP models were adequate to explain variability of mortality rates as it
was concluded for incidence data. The same conclusions in the model selection
procedure were applied for men as well as for women, being the AD or AP models the
selected ones in terms of D/C and pD for both incidence and mortality data,

respectively.

Summary of time trends analysis

Table 5.8 summarizes the model selection and the period and cohort trends for each
liver disease analysed. There has been observed a decreasing mortality trend (APCH
about 3%) for liver cirrhosis which could be due to both period and cohort effects in
both sexes. In men between 25 to 35 years old, cirrhosis mortality did not show a
decreasing trend (cohort effect). An increase in incidence and mortality rates for
hepatocellular carcinoma has been observed. In both sexes there was detected a
similar magnitude of increase in the incidence and mortality rates (APCH men about
6%; APCH women about 5%). For this tumor, incidence trend was associated with a
period effect, whereas mortality trends were explained by both cohort and period
effects. Finally, an increase on incidence and mortality by cholangiocarcinoma for
both sexes was also observed. Although the incidence trend was not significant, both

incidence and mortality trends could be related to a period effect.

179



Table 5.8 Summary of results for the time trends analysis.

Model Period Effect Cohort Effect *
Cause Selected APCH (95% CRI) Deviation from linearity
Mortality
Liver Cirrhosis APC1 & APC2 Men: -3.1(-5.1,-1.9) Non decreasing risk of death for birth cohorts after 1950
Women: -2.9(-6.2,-1.3) Non decreasing risk of death for birth cohorts after 1950
Hepatocellular Carcinoma APC2 Men: 6.8 (5.8,8.1)  Smooth decrease for the risk of death for birth cohorts after 1933
Women: 5.1 (3.5,6.3) Dramatic decrease for the risk of death for birth cohorts after 1933
Cholangiocarcinoma AP Men: 17.1 (135, 21.2) Not detected
Women: 15.0(11.5, 19.5) Not detected
Liver Cancer Unspecified AP Men: -7.2(-8.2,-6.2) Not detected
Women: -8.6(-9.2,-8.1) Not detected
Incidence
Hepatocellular Carcinoma AP Men: 6.6(5.3,9.2) Not detected
‘Women: 45 (1.4,7.3) Not detected
Cholangiocarcinoma AP Men: 3.3(-1.3,8.3) Not detected
‘Women: 3.7 (-1.2,6.1) Not detected
Liver Cancer Unspecified AP Men: -1.2 (-3.4, 2.3) Not detected
Women:  -3.5(-5.2,-2.1) Not detected

* Reference cohort : 1933

APCH: Annual Percent Change; 95% CRI: 95% Credibility Interval; AP: Model with Age and Period effects; APC1: Age-Period-Cohort model with autoregressive smoothing
for the age, period and cohort parameters; APC2: Age-Period-Cohort model as APC1 with constraint on the second order differences related only with the age parameters.
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Discussion

Statistical methodology

The statistical methods proposed in this age-period-cohort analysis have allowed us to
assess the effect of those parameters in the variability of rates. We have also
investigated if there was any deviation from linearity (curvature) of cohort effects
based on the methods proposed by Holford202204208222  which we have adapted to the
Bayesian framework. These curvatures have been extracted from the two Bayesian
APC models proposed. As a difference from the classical age-period-cohort analysis,
the Bayesian models that we have applied assume an autoregressive structure among
parameters in order to treat second order differences of parameters as independent

normal covariates.

We have followed a selection procedure starting with the AE model, followed by AD,
AP and AC models. As we have indicated, an APC model is required only when
neither of these models provides a satisfactory fit206207. We have selected the full APC
model for liver cirrhosis and hepatocellular carcinoma mortality, whereas the AD or
AP models were adequate to explain variability of incidence rates and mortality by
cholangiocarcinoma. We should note that an APC model was selected for those causes

of death with the largest number of cases.

For liver cirrhosis mortality it has been observed decreasing rates throughout the
period of study. However, a deviation from linearity of that decreasing trend in rates
was observed for younger cohorts (born after 1950). This was detected with both
APC1 and APC2 models, which showed almost identical cohort parameter estimates.
For that reason deviations from linearity estimated from both models coincide with

shape of curvature.
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The APC2 model was chosen for hepatocellular carcinoma mortality. For this cause of
death, the APC1 model showed an effective number of parameters value (pD=27.7)
almost identical to the sum of age groups, period and cohort parameters included in
the model. In addition, pD of APC1 was higher than that obtained with APC2. An
explanation for this difference could be the degree of smoothing of the age effect
among APCI1 and APC2, due to age parameters showed little differences among APC1

and APC2 in terms of median value and variance.

It has been described that constraint on the degree of smoothness appear to be not

sensitive to the prior of the roughness parameters (o, ) of APC1 and APC22'52%. This

could be due to the fact that projections based on autoregressive age-period-cohort
models are uniquely determined?®. However, it could be considered other prior
distributions on the model parameters or functions of them, such as to assume
uniform prior distributions for standard errors of the parameters, as it has been

recently described!¢2.

The AP model has been the chosen one to describe mortality and incidence by
cholangiocarcinoma, which accounted for low number of observed cases during the
study period. In the model selection procedure for cholangiocarcinoma mortality, the
APC1 and APC2 models showed the lowest DI/C and pD values, and these models
should be the selected ones. But it should be taken into account that low values of pD
may indicate a bad fit of the model'®, possibly due to overshinkrage of random effects
or collinear fixed effects'¥’”. Also pD represents a decrease in the deviance due to the
inclusion of parameters. In this case, a low pD value represents a low decrease in
deviance and therefore, bad fit of the model. For that reason, it was considered the AP
model as adequate to describe mortality data. In addition, cholangiocarcinoma
incidence showed an excess of zeros in the dataset whereas the models proposed did
not take into account this issue. To overcome to this problem a Zero Inflated Poisson

model (ZIP) could be an alternative to the models applied in this analysis!42143.223,
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It should be underlined that this decrease in the pD value when using the APC
models has been clearly observed in the analysis of incidence and mortality from
cholangiocarcinoma, which is the liver disease with the lowest number of cases. As
we pointed in methods section of Chapter 4, pDand DIC were calculated by means of
the bugs function of R2ZWinBUGS library, which estimates pD as a function of the

variance of the posterior average deviance'¥. This is a difference with the initial

approach described by Spiegelhalter et al® who derived pD = E(D)—D(6).

Although both estimatives of pD were derived on an asymptotic z’ distribution?,

it remains to investigate if this discrepancy in the estimation of pD could entail a
different approximation to the “effective number of parameters” of the model. Despite
SRF of all APC parameters reached convergence, it is clear that those APC models
does not fit adequately cholangiocarcinoma data. The AP model can be considered

adequate to explain variability of cholangiocarcinoma mortality.

Graphical representation of period, cohort and age effects has been performed
through the Holford method assuming that cohort was the residual scale of time. The
Bayesian implementation of this method has been performed taking into account a
sensibility analysis on the prior distributions of the precision parameters (Appendix
A.5). It has been observed that posterior precision strongly depends on the prior
distribution used. Among several ones, Gamma(0.01,0.01) has been selected as a prior
distribution due to its good performance (fast convergence and small standard
deviation of the posterior parameter estimates). We believe that this shoudl be an

important issue to evaluate in each APC analysis on the Bayesian framework.

In this Bayesian approach to time trends modelling, we suggest to proceed by a
previous graphical inspection of rates, and then use D/C and pD procedure to select
the adequate model. If the full APC model is considered as adequate, cohort and

period effects extracted form an APC1 and APC2 model should not differ. However, if
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our interest was to describe the extra Poisson variation, an AC or AP model with an

unstructured error term would be adequated?'.

Epidemiological analysis

In Spain during the period 1983-97, there has been observed a statistically significant
decrease in liver cirrhosis mortality in both sexes. These results are in concordance
with those of previous published studies conducted in some developed countries??4230
and in Thailand?!. Some authors have been suggested that the general fall observed
on cirrhosis mortality in the last decades could be explained by the advances in the
treatment of cirrhosis and its complications??, such as liver transplantation. In this
line, it has been reported that more than 1,000 liver transplantations are being
performed per year in Spain?®3. Among European population, the Spanish citizens are

those who have the highest probabilities to access to liver transplant if required?.

In addition, it has been suggested that fell in mortality rates by cirrhosis mortality
could be explained by the reduction in alcohol consumption??*. During 1983-96, in a
study conducted in Italy, a country with a similar drinking culture than Spain, it was
showed a decrease in the estimated number of deaths due to liver cirrhosis, that was
partially explained by the reduction of alcohol consumption?* Other studies
conducted in the U.S., showed similar results?®. In Spain, it has been observed a
decline in moderate alcohol consumption during the 1987-93 period, which has been
associated with a decrease in heavy drinkers (-1.2%)?3¢2%, On the contrary, it has been
reported in Britain an increase of mortality by liver cirrhosis during the last 50 years,

which has been mainly associated with the increase of alcohol consumption?¥.

In spite of the decreasing trend in cirrhosis mortality detected in Spain, it should be
underline that cirrhosis mortality risk did not decrease in men for those cohorts born
between 1950-65. In the same line, in a previous study conducted in Catalonia we

found a statistically significant increase of 4.7% in liver cirrhosis mortality among
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men with 25 to 35 years old*’. The slight discrepancy between the studies conducted
in Spain and Catalonia could entail that geographical variability of risk of death by
liver cirrhosis could exist in Spain. In this line, this variability is reliable and verifiable
through the inspection of cirrhosis mortality maps in the analysis of mortality in small

areas in Spain during 1985-1997, an study carried out by Benach et al**®.

This pattern in liver cirrhosis mortality suggests that younger cohorts could be
exposed to some additional risk factors. Some life styles more common between
people born in the 60 and 70’s?®, as intravenous drug addiction, could explain the
exposure to viral infections related to cirrhosis?**?4!. Co-infection with HBV or HCV
and human immunodeficiency virus (HIV) is common among intravenous drug users.
It has been estimated that in Spain, HIV-HBV co-infection affects more than 5,000
people and HIV-HCV co-infection affects more than 60,000 people?!-241. These results
are compatible with the increase of liver cirrhosis risk among HCV-HIV and HBV-

HIV co-infected patients, as it has been described in some studies?>24.,

Although liver cirrhosis incidence data in Spain is not available, we could suppose
that this incidence did not diminish during the study period. For that reason, this
potential improvement on cirrhosis survival can increase the risk of developing
hepatocellular carcinoma in cirrhotic patients. The results presented in this chapter
give support an increase of hepatocellular carcinoma incidence and mortality rates as
it has been described in other countries?6:46:47.123.185.195.244-247 Part of this trend is likely to
be attributable to the introduction of new diagnostic techniques in the early 1980s,
such as ultrasound and computed tomography scanning, which have led to an
improvement of diagnosis and increase in the number of hepatic biopsies conducted.
This could be an explanation for the period effect observed in the analysis of
hepatocellular carcinoma incidence. However, in the analysis of mortality by
hepatocellular carcinoma, both period and cohort effects explained the time trends.
Two studies carried out in Spain have reported that HCV was the main aetiological

agent found among cases diagnosed with hepatocellular carcinoma'”*!®. Population-
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based studies which determined HCV prevalence in some Spanish areas showed that
HCV infection was most prevalent than HBV infection among general
population!®”1%8. In one of these studies, which was conducted in Catalonia, it was
detected that HCV prevalence increased significantly with age?$. Under the
hypothesis of similar pattern for the whole Spanish population, we can assume an
important exposure to HCV in the oldest cohorts, which has been reflected with the
increase in hepatocellular carcinoma mortality and incidence at the end of the study
period. This fact was also detected in Italy and Japan, suggesting that important
exposure to HCV have occurred 30-50 years ago’?%. In addition, a significant increase
in hepatocellular carcinoma mortality, incidence and hospitalization rates has been
observed also in the United States during the period 1993-99 that has been also

attributed to HCV exposure?®.

A significant rising in cholangiocarcinoma mortality rates has also been detected in
Spain for both sexes. These findings are consistent with those from Japan, Australia,
UK. and U.S.26474924 However, the observed increase in cholangiocarcinoma
incidence detected in our study has not been found to be significant. The
disagreement between mortality and incidence trends of cholangiocarcinoma could
probably be due to the lower number of incident cases (based on five cancer registries
which cover 10% of Spanish population) compared to the number of deceased cases

(Spanish Mortality Registry).

Period effect explained the increase in cholangiocarcinoma mortality, that could be
attributed to improvement in diagnosis from better imaging and diagnostic
techniques”. This could be also an explanation to the decrease of incidence and
mortality rates of liver cancer unknown of our study, which has been also detected in
France, Italy, Australia and Japan¥. Although case ascertainment my not be the sole
factor to explain the rise in mortality rates for the increase in cholangiocarcinoma
mortality?. In addition, the most recently studies suggest that HCV infection, diabetes

and obesity probably play a role in cholangiocarcinoma carcinogenesis 2.
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In summary, we have observed in Spain an increase of incidence and mortality rates
of hepatocellular carcinoma and cholangiocarcinoma. These trends could be partially
explained by improvements in diagnostic techniques implemented during the period
of study. Exposure to HCV 30 years ago would be also related to hepatocellular
carcinoma trends. No obvious changes on risk factors exposures associated to
cholangiocarcinoma have been reported in the same period. The non-decreasing risk
of death due to liver cirrhosis among 25-35 year-old men, strengths the need to carry
out screening studies to detect liver disease among these young populations, in order

to prevent a future burden of increase in the incidence of liver cancer in Spain.
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6. General discussion




Statistical methodology

The statistical methods of this monograph have been based on the Bayesian inference,
and three different statistical analyses have been carried out on this context. Inference
has been approached by Poisson distribution in each one of these analyses. The
modelling of events via Poisson distribution frequently entails extra-Poisson
variability, known also as overdispersion, indicating that some unexplained clustering
arises in the data. It has been applied different solutions to deal with over-dispersion

in each one of the analyses.

In the meta-analysis framework of Chapter 3, extra-Poisson variability has been
modelled by means of a Poisson mixture of probability distributions, assuming that
data presents unexplained heterogeneity. The “stick —breaking” method has been
implemented in order to estimate the parameters of the mixture of Poisson

distributions. The RR has been estimated on the basis of three theoretical

Pooled
subpopulations and their corresponding weights. We should note two remarks
concerning with the “stick-breaking” method. First, the maximum number of
components of the mixture of probability distributions should be assessed through a
sequential process. Second, due to the “constructive” definition of that method, it is
necessary to perform sampling from a Beta(l,0) distribution. We suggest to consider
0 as a random variable due to its possibly posterior variability. By means of the
posterior classification of the studies into components of the mixture of distributions,

observations entail heterogeneity could be detected.

Random effects models have been used to address extra-Poisson variability in the
remaining two analysis of this monograph. In the spatial analysis, RRs have been
modelled through a Poisson-lognormal model which includes both HBV and HCV
seroprevalences, an “European area” variable and unstructured random effects. The

common models used for mapping disease risks take into account both unstructured

193



and structured (“local” or regional) random effects!¢¢1%3. In addition, Poisson-Normal-
CAR (Conditional Autoregressive) models seem more adequate models in the small-
area analysis, due to similarities among districts or towns are more credible than
similarities among countries. However, the autoregressive structure of constraints
imposed to the model parameters of the time trends analysis have the role of auto-

regressive random effects into the classic APC models?!4.

Magnitude of these random effects in the spatial analyses has been modelled via their
prior standard error. It has been assumed noninformative Uniform distributions for
the prior standard errors of the parameters, due to it is expect to perform well than
Gamma priors unless the number of levels of the variable is approximately below 5'62.
Unlike spatial analysis, we have modelled precision of the model parameters with
Gamma distributions for the time trends analysis, as it has been described in the
literature. This translates to a uniform distribution for the precission on the log-
scale?’’. However, it should be also considered to evaluate the effect of other prior
distributions on the precisions of model parameters, although it has been described
that autoregressive smoothing eliminates the random fluctuation that occurs with

maximum likelihood estimates?!5-219.217,

Model selection has been performed via DIC and pD criterions'®. Differences in

DIC across models are meaningful, such that a model with a low DIC value than
another is preferred. However, this criterion has not been used for the analysis of
mixtures due to there are some possible inconsistencies in the definition of DIC for
mixture models. The most notable is the occurence of negative dimension parameters,
so negative pD (see Delorio and Robert)®' values. In addition Richardson??
presented an alternative notion of DIC in the context of mixture models. The most
important difficulty is related with the notion of deviance, which affects DIC, taking
equally acceptable meanings. At present date, Celeux et al. have investigated the
typology of DIC for missing data models, mixture models and random effects

models?®. They described that some of the extensions of the D/C notion are not
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adequately to evaluate the complexity and fit of these models studied due to those
exhibit too much variability from one model to the next and possibly negative pD
values®3. For that reason we have proposed the sequential approach to estimate the
number of components and parameters of the mixture of Poisson distributions

described in Chapter 3.

In the spatial analysis it was detected little differences in DIC values across models,
and due to that fact, it has been also evaluated the value of the posterior standard
error of the unstructured random effects. The model with the lowest posterior
standard error of these random effects indicates that its covariates explain better
variability of data. In the time trends analysis, APC models for some causes of
incidence/death showed the lowest DIC values. However, we have observed that
DIC should be evaluated jointly with pD, as we have observed in the analysis of
cholangiocarcinoma mortality. For this cause of death, APC models showed the
lowest DIC values and the lowest number of effective parameters, pD, indicating
that few parameters are sufficient to explain variability with the complete

autoregressive structure.

But we should note that estimation of DIC depends on pD, and these values have

been obtained with those reported by the bugs function of the RZWinBUGS library.

The implementation of pD in this library is based on the estimation of the variance
of the a posteriori deviance described by Gel/man et al’¥, whereas the original of

Spiegelhalter et al'® is based on pD = E(D)— D(6). Although both estimations are

derived on asymptotic y° distributions, it is beyond the objective of this monograph

to investigate if both estimations could lead to different conclussions.
In summary, the flexibility of the Bayesian approach allowed us to model extra-

Poisson variability in three statistical analyses, applying different models, and

addressing relevant aspects that should be taken into account in each problem.
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Challenging statistical issues in the framework of Bayesian applied modelling are i)
the selection of prior distributions for model parameters, which is related with
convergence of the model, and ii) model selection procedures, which warrant more

research in this area.
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Epidemiological analysis

We have observed that PLC risk worldwide strongly depends on the geographical
area, being those areas with the highest risk locaded in Eastern Asia and Middle-
Western Africa. We have described the geographical variation of PLC risk taking into
account the effect of the HBV and HCV prevalences in different world areas. It has
been estimated first the risk of death by PLC among HBV male carriers worldwide. In
Europe, it has been determined which are the countries with highest risk of PLC
taking into account the effect of both hepatitis infections. In Spain, a high risk
country for PLC among European countries, it has been estimated the time trends of

PLC and liver cirrhosis during the last 15 years period with data available.

In high risk areas for PLC risk it has been also estimated higher HBV population
prevalences than that of HCV. We have shown that RR of death by PLC among HBV
male carriers was 23.5 (95% CRI:14.9 - 44.5) on the basis of data reported in cohort
studies carried out in Europe, Asia and America. However, this RR should be
explained by geographical area and control group selected in the cohort study. The
highest RRs were observed in the studies carried out in developing countries of
Southeast Asia, where HBV transmission mainly occurs at younger ages or by
perinatal infection. In these countries, HBV transmission and exposure to aflatoxins in
food, which is also common in these areas, suggests an increase of risk of progression

to PLC 73,150,87,151,152

We have also quantified for the first time the “healthy donor effect” due to the fact
that we have observed that RR of death by PLC among HBV male carriers is between
2-fold (low risk areas for PLC) and 5-fold (high risk areas for PLC) higher when
comparing studies which used WBD as control group versus those which use GP as
control group. This finding could lead to underestimate the RR of death by PLC

among HBV male carriers in those studies which used GP as control group.
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The decreasing role of HBV in the etiology of PLC has been reflected after the
universal HBV vaccination programs initiated in most countries®®. In developed
countries, such as Japan and U.S., recent studies have shown that PLC cases linked
with HBV remained faily constant, whereas PLC cases linked to HCV seems to
increase dramatically?+?>. In the geographical analysis of PLC in European countries,
we have described that HCV seems to have the predominant role in the etiology of
PLC in Europe, being Southern and Eastern European countries those areas with the
highest RRs of incidence and death by PLC during 2002. Those countries have shown
high posterior probabilities of RR of PLC higher than the European mean taking into
account the effect of both HBV and HCV prevalences. Although this results of our
study should take into account several limitations related with data quality, we have
described the pattern of PLC distribution in Europe at the beginning of the 21+

century.

The increasing incidence of PLC in developed countries ant the end of the 20
century has been also reported in European countries such as U.K, France and
Italy?678.193.1944749.42 However, time trends by PLC in Spain did not reflect any increase
by this disease until present date. For the first time in Spain it has been analysed
incidence data of PLC taking into account information of five Spanish cancer

registries.

We have found an increase of incidence and mortality rates of hepatocellular
carcinoma during the period 1983-97 in Spain. Exposure to HCV 30 years ago would
be also related to hepatocellular carcinoma trends as it has been described in other
studies of PLC267924524647.24949 We have also found an increasing trend of
cholangiocarcinoma mortality in the same line as it has been found in Japan,
Australia, U.K. and U.S.2647294  This increasing trend of cholangiocarcinoma
mortality could be attributed to improvement in diagnosis from better imaging and

diagnostic techniques*. However, we have not detected a significant increasing trend
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of cholangiocarcinoma incidence, mainly due to the low number of cases reported by

the Spanish Cancer Registries.

We have observed a decreasing trend of cirrhosis mortality in both sexes during the
study period, although younger cohorts did not show this pattern. This cohort effect
suggests that younger cohorts could be exposed to some additional risk factors and not
only alcohol consumption. HIV and HCV or HBV co-infection?¥2?43 and intravenous
drug addiction?*24! could also explain the increase of liver cirrhosis mortality among

younger cohorts.
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/. Conclusions




Statistical methods

Meta-analysis of cohort studies of liver cancer risk of death among HBV
carriers

7.1.1) To estimate a combined measure of interest by means of mixtures of probability
distributions is an alternative method to investigate which are the sources of
heterogeneity in meta-analysis and it also allows to do not necessarily assume the

gaussian distribution for the measure of interest.

7.1.2) The “stick-breaking” method allows to determine the number of components of

the mixture of probability distributions on the basis of a sequential process.
7.1.3) In the “stick-breaking” method, the variability of the number of components of

the mixture of probability distributions depends on a sampling procedure from a

Beta(1,0) distribution, being necessary to consider O as a random variable.

Geographical distribution of primary liver cancer in Europe during 2002

7.1.4) The bayesian framework allowed to detect low-risk areas and high risk areas of

a map through the a posteriori probability of RRs.

7.1.5) The inclusion of HBV and HCV prevalences significantly decreased the

magnitude of the posterior standard deviation of the unstructured random effects.

7.1.5) A sensibility analysis on the selection of the prior standard error or precission

of the unstructured random effects is necessary.

205



Time trends of liver disease in Spain during the period 1983-97

7.1.6) There are no significant differences between APC1 and APC2 models in the

estimation of deviations from linearity in an age-period-cohort analysis.

7.1.7) 1t has been observed a dramatical decrease in the effective number of

parameters, pD, for the APC1 and APC2 models in those causes with small number

of cases.

7.1.8) Despite of the flexibility of the Bayesian modelling, the APC model was

selected only for those causes of death with the largest number of causes.

Sensibility analysis for prior distributions

7.1.9) Although the Bayesian methods overcome some non-estimability problems
that may occur when applying maximum likelihood estimation, a crucial point when
using those is the specification of the prior distributions for the model parameters. A
sensibility analysis on the choice of the prior distributions for the precission of model

parameter is necessary in order to assess the inference from these models.

Choice of model

7.1.10) The concept that models with smaller D/Cshould be preferred to models with
larger DIC should be considered taking into account the number of effective

parameters (pD value) of the model.
7.1.11) In the model selection procedure of random effects models, there should be

evaluated the decrease of the posterior standard error of these random effects jointly

with the DIC and pD criterion.
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Epidemiological analysis

Meta-analysis of cohort studies of liver cancer risk of death among HBV
carriers

7.2.1) The pooled RR of death by PLC among HBV carriers is 23.5 (95% CRI: 14.9 -
44.5) being necessary to explain this RR by an effect of geographical area and by
design of study.

7.2.2) The studies carried out with general population as comparison group showed a
RR of 10.2 (95% CRI:7.9 — 12.8) for those studies carried out in low risk areas for PLC,
whereas the RR was 18.6 (95% CRI: 17.3 — 20.1) for those studies carried out in high
risk areas for PLC.

7.2.3) The studies carried out with workers or blood donors as comparison group
showed a RR of 20.1 (95% CRI:13.5 — 21.6) for those studies carried out in low risk
areas for PLC, whereas the RR was 103.0 (95% CRI: 88.6 — 118.3) for those studies

carried out in high risk areas for PLC.
7.2.4) It has been quantified the “healthy donor effect” in longitudinal studies: a

selection bias could be introduced in the estimation of RR of death when mortality in

workers or blood donors is compared with that of general population.
Geographical distribution of primary liver cancer in Europe during 2002

7.2.5) High risk areas for PLC in Europe are located in Southern and Eastern European

countries.

207



7.2.6) Northern European countries have the lowest risk of PLC in men with a RR of
incidence of 0.48 (95% CRI: 0.37 — 0.61) and a RR of death of 0.51 (95% CRI: 0.41 —
0.60).

7.2.7) Northern and Western European countries have the lowest risk of PLC in
women. The RR of incidence was 0.55 (95% CRI: 0.42 — 0.71) in Northern countries
and 0.65 (95% CRI: 0.49 — 0.85) in Western countries. The RR of death in Northern
countries was 0.65 (95% CRI: 0.53 — 0.79) whereas in Western countries it was 0.71

(95% CRI: 0.56 — 0.89).

7.2.8) In Europe, HCV seems to play the predominant role in PLC risk when adjusting
for both HBV and HCV.

7.2.9) Those countries with HCV prevalence greater than 2% showed an increase of
RR of incidence of 1.78-fold (95% CRI: 1.15 — 2.73) in men and 1.36-fold (95% CRI:
1.09 — 2.25) in women, whereas the increase of RR of death was 1.48-fold (95% CRI:
1.14 - 1.93) in men and 1.28-fold (95% CRI: 1.05 — 1.75) in women.

7.2.10) There could be an underestimation of PLC risk in Eastern European countries
due to low PLC risks compared with high HBV and HCV seroprevalences. It is
necessary the implementation of population-based cancer registries in Eastern

European countries in order to assess the impact of PLC in these areas.

7.2.11) It should be carried out studies to determine HBV and HCV prevalences across

Europe by sex and age-groups in order to predict the future impact of these infections

on the PLC trends in incidence and mortality.
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Time trends of liver disease in Spain during the period 1983-97

7.2.12) In Spain, it has been observed a decrease of liver cirrhosis mortality in Spain
with an APCH in men of -3.1% (95% CRI: -5.1, -1.9%), whereas in women the APC
was -2.9% (95% CRI: -6.2%, -1.3%). However, cirrhosis mortality did not decrease for

men younger than 35 years during the study period.

7.2.13) The decrease of cirrhosis mortality in Spain could be attributed to advances in

the treatment of cirrhosis and a reduction in alcohol consumption.

7.2.14) The increase of cirrhosis mortality among young cohorts could be partially
attributed to intravenous drug addiction joinltly with co-infection with HBV or HCV

and HIV.

7.2.15) In Spain, we have constated the increase of hepatocellular carcinoma
incidence (APCH in men: 6.6%, 95% CRI: 5.8, 8.1: APCH in women: 4.5%, 95% CRI:
1.4%, 7.3%) and mortality (APCH in men: 6.8%, 95% CRI: 5.8%, 8.1%; APCH in
women: 5.1%, 95% CRI: 3.5%, 6.3%).

7.2.16) The increase of incidence and mortality of hepatocellular carcinoma could be
attributed to improvements in diagnostic techniques implemented during the period

of study and to an important exposure to HCV in the oldest cohorts.
7.2.17) It has been detected an increase in mortality by cholangiocarcinoma (APCH in
men: 17.1%, 95% CRI: 13.5%, 21.2%; APCH in women: 15.0%, 95% CRI: 11.5%,

19.5%), whereas this increase was not significant for incidence data.

7.2.18) Better imaging and diagnostic techniques could explain the increase of

cholangiocarcinoma mortality.
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7.2.19) In order to prevent a future burden of increase in the incidence of liver cancer
in Spain is warranted to carry out screening studies to detect liver disease among

young populations.
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Appendix A.1. WinBUGS code for models of Chapter 3

A.1.1 “Stick Breaking” Model using u; ~ Gamma(0.01,0.001)
0 ~ Gamma(l,l)

model
{ for(iin1:N){
S[i] ~ dcat(p[])
for (j in 1:C) {SC]i,j] <- equals(j,S[i])}
theta[i] <- mu[SJi]]*e]i]
X[i] ~ dpois(theta]i])}

#thetalk]: RR of k-th subpopulation
HH R R R R
#HHH#HH Constructive DPP
HH R R R R
pi[1] <- r[1]
ac[1]<-1
for (jin 2:C) {
pifj] <- r[l}*(l-r[i-ll)*pi[i-1]/r[j-1]

#Ordering constraint===> it is necessary > 2 components
mu[1] ~dgamma(0.01,0.001)
for (k in 2:C){
mu[k]~dgamma(0.01,0.001)|(mu[k-1],)
r[k] ~ dbeta(1,delta[k])
# scaling to ensure sum to 1
p[K] <- pi[k]/sum(pi[]) }
p.s <- sum(p[])
HHHH B R R R T A
##H#HH# End of constructive DPP
HHHH B R R R T A

# Counts total clusters (honempty)
K <- sum(cl[])
for (jin 1.C) {
clfj] <- step(sum(SCI,j])-1)
}

# Calculates mixture: mix
for (min 1:C) {
smix[m]<-p[m]*mu[m]
mix<-sum(smix[])
# Prior on delta
for (hin 1:C)

{
delta[h] ~dgamma(1,1)
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A.1.2. “Stick Breaking” Model using log(u;) ~ Normal(0,0.001)

0 ~ Gamma(l,l) .

model
{ for(iin1:N){
S[i] ~ dcat(p[])
for (j in 1:C) {SC]i,j] <- equals(j,S[i])}
thetali] <- mu[S][i]]*e[i]
X[i] ~ dpois(theta]i])}

#theta[k]: RR of k-th subpopulation

# Constructive DP
pi[1] <- r[1]
ac[1]<-1
for (jin 2:C) {
pifi] <- r[l}*(l-r[i-ll)*pi[i-1]/r[j-1]

for (k in 1:C){
log(mu[k])<-Imulk]
Imu[k]~dnorm(0,0.001)
r[k] ~ dbeta(1,delta[k])

# Ensure sumto 1
p[K] <- pi[k]/sum(pi[]) }
p.s <- sum(p[])

# End of constructive process

# Counts total clusters (honempty)
K <- sum(cl[])
for (j in 1:C) {cl[j] <- step(sum(SC[,j])-1)}
# Calculates mixture: mix
for (m in 1:C) {smix[m]<-p[m]*mu[m]}
mix<-sum(smix[])
for (i in L:N){RRJ[i]l<-mul[i}/e][i]}
# Prior on delta
for (hin 1:C)

{
delta[h] ~dgamma(1,1)
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A.1.3. Sources of heterogeneity: Generalized linear model.

model

{
#X: High Risk Areas, Y: Low risk Areas
for(i in1:N){
mu[i]<-exp(alpha[1]*Y 1[i]+beta[1]*X 1+alpha[2]*Y 2[i]+beta[2]*X2)
mitpo[i]<-mul[i]*e[i]
y[i] ~ dpois(mitpoli])

}
for (jin 1:2)

{
alphak[j]~dnorm(0.0,0.01)
beta[j]~dnorm(0.0,0.001)

}

for (jin 1:2)

{
alphar[j]<-exp(alphak[j])
betark[j]<-exp(betal[j])

}
Q1<-alphar[2]/alphar[1]
Q2<-betark[2]/betark[1]
Q3<-betark[1]/alphar[1]
Q4<-betark[2]/alphar[2]

}
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Appendix A.2. Sensibility analysis of prior distributions for random

effects of Chapter 4 models

Extra-Poisson variability in the Spatial Analysis of Chapter 4 has been captured by means of
the unstructured random effects. In order to evaluate the effect of different prior

distributions for the precision of the unstructured random effects, we have evaluated four

different prior distributions for that precision ( Ty ). Sensibility analysis will be shown
below for PLC incidence data in men. Similar conclusions could be derived for data related
with the incidence in women, and mortality in both men and women.

Table A.2.1 Note that posterior median values for the standard error of the spatially
unstructured random effects, (7z)* , and its standard error appear to be more similar
between Gamma (0.001,0.001) prior and Uniform (0,100). In addition, SRF converges to 1
for both Gamma (0.001,0.001) and Uniform (0,100) prior distributions after 60,000 iterations

in all models M1-M6.

Table A.2.1. Different prior distributions for the precision of the unstructured random effects.
Posterior standard error of the spatially unstructured random effects: Median value and standard
error (in brackets) jointly with its Scale Reduction Factor (SRF) for data related with PLC Incidence
Men.

M1 SRF M2 SRF M3 SRF

Gamma (0.01,0.0001)  0.57 (0.18) 1.25 0.39 (0.13) 1.23 0.36 (0.14) 1.27
Gamma (0.1,0.0001) 0.55(0.13) 1.14 0.37(0.14) 1.09 0.37(0.11) 1.12
Gamma (0.001,0.001)  0.49 (0.13) 1.05 0.31(0.12) 1.05 0.30(0.10) 1.02

Uniform (0,100)* 0.47 (0.11) 1.01 0.28(0.07) 1.01 0.28 (0.04) 1.01

M4 SRF M5 SRF M6 SRF

Gamma (0.1,0.0001) 0.34(0.11) 1.22 0.31(0.12) 1.18 0.29 (0.11) 1.17
Gamma (0.1,0.0001) 0.34(0.12) 1.15 0.32(0.13) 1.13 0.31(0.11) 1.14
Gamma (0.001,0.001)  0.27 (0.09) 1.04 0.26 (0.08) 1.03 0.26 (0.08) 1.03

Uniform (0,100)* 0.24 (0.05) 1.01 0.24 (0.06) 1.01 0.24 (0.05) 1.01

* Prior distribution for the sd of the unstructured random effects
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It has been evaluated the effect of that prior distributions on each of the models fitted. Table
A.2.2 shows posterior median value, standard deviation and Scale Reduction Factor of the

hepatitis viruses parameters of the model selected M5 (in log-scale).

Table A.2.2. Posterior median value, standard deviation (sd) and scale reduction factor (SRF) of M5
covariates (in log-scale) for PLC Incidence in Men. Sensibility analysis based on different prior
distributions for the precision of the unstructured random effects.

B+ B2 B3

Median sd SRF Median sd SRF Median sd SRF

Gamma (0.01,0.0001) 0.0351 0.3911 1.2496 0.0215 0.2993 1.2975 0.7314 0.3365 1.2935
Gamma (0.1,0.0001) 0.0260 0.1911 1.1249 0.0125 0.2131 1.1514 0.6783 0.3483 1.1721
Gamma (0.001,0.001) 0.0231 0.1313 1.0114 0.0162 0.1635 1.0127 0.6314 0.2825 1.0137

Uniform (0,100)* 0.0193 0.1143 1.0012 0.0109 0.1316 1.0074 0.5712 0.2159 1.0096

B+: Covariate related with HBV >2%; 8,: Covariate related with HCV prevalence between 1-2%;
Bs. Covariate related with HCV >2%; * Prior distribution for the sd of the unstructured random
effects.

Taking into account that each covariate has the same prior distribution, £ ~ N(0,0.0001),

the posterior parameter estimates and standard errors show a slight dependence on the

prior distribution used for T} . After 60,000 iterations convergence of the ,B parameters

appears to be not achieved when Gamma(0.01,0.0001) and Gamma(0.1,0.0001) distributions

were used. However, convergence for the [ parameters seems to be achieved in the

framework of the Gamma(0.0001,0.0001) prior distribution used for T, and

Uniform(0,100) for the prior standard deviation of these random effects.
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Appendix A.3. WinBUGS code for model M5 of Chapter 4

A.3.1 Model with HBV and HCV terms (Final model Chosen)

# A: Geographical Area Effect

# b.HCV: HCV effect, 3 levels, reference level 1
# b.HBV: HBV effect, 2 levels, reference level 1
#ppl: posterior probability of RR>1

#h: unstructurec random effects

model

for(iin1:N){
OJi] ~ dpois(theta]i])
log(thetali]) <-log(E[i])+ A[AREA][i]]+b.HCV[HCVIi]]+b.HBV[HBVIi]]+h[i]
RR1[i]<-theta[i]/E[i]
h[i] ~ dnorm(0, tau.h) # Unstructured random effects
ppl[i]<-step(RR1[i]-1)

# Other priors:

tau.h ~ dunif(0,100)

sigma.h <- sqrt(1 / tau.h)
for (jin 1:4)
{
A[j]~dnorm(0.0,0.0001)
}
b.HCV[1]<-0
b.HCV[2]~dnorm(0.0,0.0001)
b.HCV[3]~dnorm(0.0,0.0001)

b.HBV[1]<-0
b.HBV[2]~dnorm(0.0,0.0001)
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A.3.2 Model with HBV, HCV and interaction terms for both seroprevalences

# A: Geographical Area Effect

# b.HCV: HCV effect, 3 levels, reference level 1

# b.HBV: HBV effect, 2 levels, reference level 1

# b.INT: Interaction between HBV and HCV, 3 levels: 1) no interaction,
# 2) interaction HBV>2 and HCV 1-2, 3) interaction HBV>2 and HCV>2
#ppl: posterior probability of RR>1

#h: unstructurec random effects

model

for(iin1:N){
QJi] ~ dpois(theta]i])
log(thetali]) <-log(E[i])+ A[AREA][i]]+b.HCV[HCVI]i[]+b.HBV[HBV[i]]+b.INT[INT[i]]+h[i]
RR1[i]<-theta[i)/EJi]
h[i] ~ dnorm(0, tau.h) # Unstructured random effects
ppl[i]<-step(RR1[i]-1)

# Other priors:

tau.h ~ dunif(0,100)

sigma.h <- sqrt(1 / tau.h)
for (jin 1:4)

{
A[j]~dnorm(0.0,0.0001)

}

b.HCV[1]<-0
b.HCV[2]~dnorm(0.0,0.0001)
b.HCV[3]~dnorm(0.0,0.0001)
b.HBV[1]<-0
b.HBV[2]~dnorm(0.0,0.0001)
b.INT[1]<-0
b.INT[2]~dnorm(0.0,0.0001)
b.INT[3]~dnorm(0.0,0.0001)
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Appendix A.4. WinBUGS code for APC models of Chapter 5

A.4.1 Model APCL1: Berzuini, Clayton, Bray et al.

# NOTA PRECISSIO X 1.0E-6 Seguint Bray et al. i Bashir i Esteve
# N: TOTAL DADES

# |: Grups Edat

# M: Periodes

# K: Cohorts

model

{

for (n in 1:N-M*I) {

pmoh[n] ~ dpois(mul[n]);

log(mu[n]) <- log(popn[n]) + alpha[age[n]] + beta[period[n]]
+ gammalcohort[n]];

pred.muln] <- exp(mu[n])

pred.rate[n] <- 100000*pred.mu[n]/popn[n];

}

total <- sum(pred.muf]);

TR T R B R R
#i### PERIOD

betamean[1] <- 0.0;

betaprec[1] <- taup*1.0E-6;

betamean[2] <- 0.0;

betaprec[2] <- taup*1.0E-6;

for (jin 3:3){

betamean(j] <- 2*betalj-1] - beta[j-2];

betaprec][j] <- taup;

}

### REFERENCIA PERIODE 1983
beta[1]<- 0
beta[2]~dnorm(betamean[2],betaprec[2])
for (jin 3:3){

beta[j] ~ dnorm(betamean(j],betaprec|j]);
}

taup ~ dgamma(1.0E-3,1.0E-3);

sigmap <- 1/sqrt(taup);

HH R R R R R
#H## AGE

alphamean[1] <-0;

alphamean[2] <-0;

for (i in 3:(N){

alphamean(i] <- 2*alphali-1] - alphali-2];

}

alphaprec|[1] <- taua*1.0E-6;
alphaprec|[2] <- taua*1.0E-6;
for (iin 3:1){

alphaprec]|i] <- taua*1.0E-6;
}

for (i in 1:1{
alphali] ~ dnorm(alphamean(i],alphaprecfi]);
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}

da <- 0.0001 ;

ra <- 0.0001;

taua ~ dgamma(ra,da);
sigmaa <- 1/sqrt(taua);

HHBHEHHEH
### COHORT

gammamean[1] <- 0.0;

gammaprec[1] <- tauc*1.0E-6;

gammamean[2] <- 0.0;

gammaprec[2] <- tauc*1.0E-6;

for (k in 3:K){

gammamean[k] <- 2*gamma[k-1] - gammalk-2];
gammaprec[k] <- tauc*1.0E-6

}

### REFERENCIA COHORT 6 (1933)

gamma[6]<-0
for (k in 1:5)1
gammalk] ~ dnorm(gammamean([k],gammaprec|k]);

}
for (k in 7:(K)){
gammalk] ~ dnorm(gammamean([k],gammaprec|k]);

}

tauc ~ dgamma(1.0E-3,1.0E-3);
sigmac <- 1/sqgrt(tauc);

}

A.4.2 Model APC2: Bashir i Esteve Modifies Berzuini, Clayton, Bray et al.
Modifies Age:

#H#H#H AGE

alphamean[1] <- 2*alpha[2] - alpha[3];

alphamean[2] <- (2*alpha[1] + 4*alpha[3] - alpha[4])/5;
for (i in 3:(1-2)){

alphamean(i] <- (4*alpha]i-1] + 4*alpha][i+1]- alpha]i-2]
- alphali+2])/6;

}
alphamean(l-1] <- (2*alpha][l] + 4*alpha][l-2] - alpha][l-3])/5;

alphamean(l] <- 2*alpha][l-1] - alpha][l-2];
Nneighsa][l] <- 1;

for (iin 1:1){

alphaprec]i] <- 1.0E-6 * taua;

}

for (iin 1:1){

alphali] ~ dnorm(alphamean(i],alphaprecfi]);

}

da <- 0.0001

ra <- 0.0001

taua ~ dgammay(ra,da);
sigmaa <- 1/sqrt(taua);

}

221



A.4.3 Holford Method:

# METODE HOLFORD: Drift en el periode, Escala Residual en la COHORT,
EDAT ESCALA PRIMARI

## K: Cohorts

# M: Periodes

#1: Edats

#nu[]: mediana dels efectes cohort APC

#beta[]: mediana dels efectes periode APC

#alpha[]: mediana dels efectes edat APC

model

{

#COHORTS
for (i in 1:K)

nuf[i]~dnorm(mu.nuf[i],tau.nu)

mu.nufi]<-mu.c+delta.c*i

#residual extraient cohort 1933 (6) i extraient drift
nu.rfi]<-(nufi]-mu.nu[i])-nu[6]

}

mu.c~dnorm(0,0.001)
delta.c~dnorm(0,0.001)
sd.nu~dunif(0,10)
tau.nu<-pow(sd.nu,-2)

#PERIODES

for (J in 1:M)

{

beta[j]~dnorm(mu.b[j],tau.-b)

#afegeixo drift a periode 1 trec periode referencia
beta.r[j]<-mu.b[j]+delta.c(per[j]-1985)-mu.b[1]
mu.b[j]~dnorm(0,0.001)

¥
sd.b~dunif(0,10)
tau.b<-pow(sd.b,-2)

#EDATS
for (h in 1:1)

{

alpha[h]~dnorm(mu.a[h],tau.a)

#COMPLETAR FACTORS
alpha.r[i]<-mu.a[h]+mu.d+delta.c*h+delta.c*1985+beta[1]
mu.a[h]~dnorm(0,0.001)

by
tau.a~pow(sd.a,-2)
sd.a~dunif(0,10)

# RECORDATORI: REPORTAR effectes edat:alpha.r, cohort:nu.r,
periode:beta.r

}
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Appendix A.5. Sensibility Analysis of prior distributions of precission

parameters in Chapter 5 for Holford method

In order to assess sensibility to prior distributions for the precission parameters used in the

Holford method it has been tried different prior distributions. The age, period and cohort

parameters of a full APC model (APC1 or APC2) has been obtained, and let T, be the
precission of the cohort parameters (in log-scale) of equation (42), T4 be the precission of

the period parameters and T, be the precission of the age parameters. As it has been done

in Chapter 4, Table A.5.1 shows different prior distributions which have been used for these
parameters. It has been evaluated their posterior median value, standard error and Scale

Reduction Factor.

Table A.5.1. Prior distributions for the precission of the parameters of the Holford method.

Posterior for Posterior for Posterior for
7, Tp Ty

Same Perior for each

precission parameter Median sd SRF Median sd SRF Median sd SRF
Gamma (0.1,0.01) 17.325 12.359 1.1528 26.362 15.632 1.258 17.673 0.337 1.156
Gamma (0.001,0.001) 12.550 15.695 1.1152 28.963 12.544 1.159 21584 0.348 1.199
Gamma (0.01,0.01) 9.685 5.234 1.0014 25.632 11.568 1.001 12.541 0.283 1.001
Uniform (0,100)* 9.354  7.584 1.0024 24633 12.568 1.001 11.236 0.286 1.015
Uniform (0,10)* 1.968 6.251 1.0001 3.259 4.837 1.001 1.365 3.625 1.001

* Prior distribution for the square root inverse (sd) of the precission parameters

Note that these parameters do not appear to be robust due to the dependence of their prior

precission. For both T, and T, the prior Uniform(0,10) shows a SRF close to 1, but

precission parameters show high variability compared with their median value. However,

for prior distributions Gamma (0.01,0.01) and Uniform(0,100), posterior median values of
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precissions and their standard errors are very similar. However, precission modeled with
prior Gamma(0.01,0.01) seems to converge slightly better than Uniform(0,100), and
posterior precisions show small standard errors than those obtained with prior

Uniform(0,100).
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Appendix A.6. Age-Period-Cohort Analysis with reference cohort 1952

In this section we describe the Age, Period and Cohort effects obtained with the APC2
model. For each cause of incidence and mortality related with PLC or with liver cirrhosis it
has been represented the Incidence or Mortality Rate per 100,000 person-years and the Rate
Ratios of the Cohort and Period effects. In this subanalysis, we have used a different
reference cohort, cohort 1952, in order to evaluate variability of interpretations when
reference categories change. Drift trend has been assumed for the Period effect whereas

Cohort effect is the residual scale.

Table A.6.1 shows the Annual Percent Change (APCH) and its 95% CRI for PLC,
Hepatocellular carcinoma, Cholangiocarcinoma and Cirrhosis. APCH has been estimated
with the Age-drift model, for that reason results of Table A.6.1 slightly differs from those of
Table 5.8, calculated from the APCH estimated with a model which used Age-Adjusted rates

(equation 41 Chapter 5).

Table A.6.1. Annual Percent Change (APCH) and its 95% credibility intervals (95% CRI) for LC
histologies and liver cirrhosis mortality. (Age-Drift Model)

MEN WOMEN
APCH 95% CRI __ APCH 95% CRI

INCIDENCE
Liver Cancer 2.9 (1.85, 3.97) 0.69 (-0.88, 2.29)
Hepatocellular Carcinoma 6.57 (4.93, 8.24) 5.81 (2.68 , 9.04)
Cholangiocarcinoma -0.17 (-1.64,1.33) -2.42 (-4.44, -0.36)

MORTALITY
Liver Cancer -0.27 (-0.54,0.10) -3.78 (-4.13,-3.42)
Hepatocellular Carcinoma 7.12 (6.55, 7.44) 5.46 (4.74 , 6.19)
Cholangiocarcinoma 16.14 (14.23,18.09) 15.69 (13.65,17.78)
Cirrhosis -3.41  (-3.58,-3.24) -2.92 (-3.20,-2.65)
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Incidence Rate per 100,000 person-years

Incidence Rate per 100,000 person-years

Figure A.6.1. Liver Cancer Incidence in Men (155)
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Figure A.6.2. Liver Cancer Incidence in Women (155)
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Incidence Rate per 100,000 person-years

Incidence Rate per 100,000 person-years

Figure A.6.3. Hepatocellular Carcinoma Incidence in Men (1550)
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Figure A.6.4. Hepatocellular Carcinoma Incidence in Women (1550)
o o
O - S
— —
o] | O
N N
&H =S

N N
o | =)
- -
o | =]
P —
o - ©
o o

T T T T T T T T T T T T T T T T T T T T

10 20 30 40 50 60 70 80 1905 1925 1945 1965 1985 2005

Age Birth Cohort Period

227

Rate Ratios

Rate Ratios



Incidence Rate per 100,000 person-years

Incidence Rate per 100,000 person-years

Figure A.6.5. Cholangiocarcinoma Incidence in Men (1551)
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Figure A.6.6. Cholangiocarcinoma Incidence in Women (1551)
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Mortality Rate per 100,000 person-years

Mortality Rate per 100,000 person-years
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Figure A.6.7. Liver Cancer Mortality in Men (155)
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Figure A.6.8. Liver Cancer Mortality in Women (155)
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Mortality Rate per 100,000 person-years

Mortality Rate per 100,000 person-years

Figure A.6.9. Hepatocellular Carcinoma Mortality in Men (1550)
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Figure A.6.10. Hepatocellular Carcinoma Mortality in Women (1550)
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Mortality Rate per 100,000 person-year

Figure A.6.11. Cholangiocarcinoma Mortality in Men (1551)
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Figure A.6.12. Cholangiocarcinoma Mortality in Women (1551)
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Mortality Rate per 100,000 person-years

Mortality Rate per 100,000 person-years

Figure A.6.13. Cirrhosis Mortality in Men (571)
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Figure A.6.14. Cirrhosis Mortality in Women (571)
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