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Abstract 

Familial aggregation of prostate cancer has been observed in studies conducted in a 

number of countries prior to the widespread adoption of prostate-specific antigen 

(PSA) testing for prostate cancer detection. PSA testing leads to over-diagnosis of 

asymptomatic disease that might not have become clinically significant within a 

man’s normal lifetime. This increase in the number of asymptomatic men diagnosed 

may alter the magnitude of familial risk estimates and the importance of a prostate 

cancer family history.  

Familial aggregation of prostate cancer was investigated in an Australian setting 

between 1994 and 1998 during a period when PSA testing was being widely used. 

Over 3000 men were recruited to a population-based case-control study conducted in 

Melbourne, Sydney and Perth. Men participating in the study provided information 

about prostate and other cancers for their first-degree relatives, uncles and aunts. 

Prostate cancer for first-degree relatives of controls was reported at approximately the 

expected numbers but cases had more than the expected number of affected relatives. 

Case-control analyses indicated that the risk of prostate cancer was higher for men 

with a family history of the disease. Younger cases were more likely to have an 

affected first-degree relative than cases diagnosed at a later age. Men with an affected 

brother were at higher risk of diagnosis than men with an affected father and the risk 

increased with an increasing number of affected relatives. 

Proportional hazards modelling of the cohort of relatives showed that the relative risk 

(RR) of prostate cancer was greater for the relatives of cases. The RR for case 

relatives was inversely related to the age at diagnosis of the case but was independent 

of the age of the relative. PSA testing appeared to have increased the magnitude of the 

RR estimates for brothers but not for fathers possibly as a result of men seeking PSA 

testing if they have an affected brother. 

The absolute risk of developing prostate cancer was estimated for men with affected 

relatives and a high-risk group comprising younger relatives of men with early onset 

disease was identified. There is currently insufficient evidence to justify offering a 
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targeted screening program to men at with a family history of prostate cancer and men 

requesting PSA testing should be informed about the risks and benefits of the test.  

Segregation analyses have provided support for an inherited basis for for a proportion 

of prostate cancer cases. Linkage analyses have identified regions on the genome that 

may contain predisposing genes. Several candidate genes have been proposed but the 

search for has been complicated by the multiplicity of these regions and the difficulty 

of replicating linkage results in different collections of multiple-case families. The 

high phenocopy rate and the inability to distinguish between disease in mutation 

carriers and asymptomatic disease detected by PSA testing have also complicated the 

search for high-risk mutations.  

At this stage we have little to offer men with a famly history of prostate cancer in 

terms of their options for reducing the effect of the disease on themseles and their 

families. 
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Chapter 1 

Introduction 

Prostate cancer and family history of the disease 

Familial aggregation of a disease exists when the occurrence of the disease in relatives 

of an affected person is at a rate greater than in the general population (1). Familial 

aggregation of cancers within families has been observed since before the end of the 

19th century but it was not until the 1960s that systematic studies of such families led 

to scientific progress in this area (2). Most studies investigating the familial 

aggregation of prostate cancer have demonstrated a strong familial effect and the 

increased risk has been shown to vary with the age and the degree of relationship 

between affected and at-risk men, and with the number of affected men in a family. 

Family history of the disease is now one of the best established risk factors for 

prostate cancer (3). A detailed review of the evidence in support of familial 

aggregation of prostate cancer is presented in Chapter 2. 

Prostate cancer appears to have a long natural history and progression within a man’s 

lifetime is not inevitable. The generally slow progression of the tumours means that 

many will remain clinically silent so that men harbouring such tumours will die of 

other causes (4). Autopsy studies have shown that between 15% and 30% of men aged 

50 years have histological evidence of mainly sub-clinical prostate cancer and by age 

80 this proportion rises to 60% to 70% (5).  

In 1986, prostate specific antigen (PSA) testing was approved by the US Food and 

Drug Administration (FDA) as a tool for monitoring prostate cancer treatment and, in 

1992, approval was extended for its use in detecting prostate cancer in men aged over 

50 years (6). The introduction of PSA testing for prostate cancer detection resulted in 

dramatic increases in the incidence of the disease in Australia and other Western 

countries (7-10). These PSA-driven incidence increases have been mainly in lower 

grade and stage tumours (6) suggesting that there is increased detection of prostate 

cancers from the pool of sub-clinical tumours (11). 
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In Australia, PSA testing has been shown to be associated with a family history of the 

disease (12) and this raises questions about the importance of these new family-related 

diagnoses. Men who seek PSA testing because of an affected relative are more likely 

to be diagnosed but the significance of the disease detected is difficult to determine as 

PSA cannot distinguish between cancers that have a high potential for progression and 

metastasis and those that will have a more indolent course. By increasing the risk of 

detecting clinically insignificant cancers, PSA testing may be diluting the importance 

of a family history of prostate cancer. Have the risk estimates associated with familial 

prostate cancer changed during the PSA era as a result of differences in the type of 

disease diagnosed? What advice can be given to men with a prostate cancer family 

history about their risk of the disease and the need for early detection? Answers to 

these questions are particularly important since, despite great efforts and large 

amounts of money being invested into the search, no genes associated with prostate 

cancer susceptibility have yet been identified that would assist in the identification of 

men at a high risk of the disease. 

Familial aggregation does not necessarily imply a genetic basis for a disease; common 

cancers, such as prostate cancer, might be expected to occur in several family 

members simply by chance. Shared environmental factors, acting either alone or in 

combination with genetic factors, could also explain why familial aggregation is a risk 

factor for the disease. Dietary factors, such as high intakes of fat, dairy products and 

certain types of meat, have been implicated in prostate cancer risk (13,14) while high 

intakes of lycopene-containing tomato products (13,15) have been reported to reduce 

risk. Dietary intakes are likely to be correlated in family members and could help to 

explain some of the familial aggregation.  

Evidence that germline genetic mutations might play a role in the development of 

prostate cancer came initially from studies that showed familial risk was increased in 

families with multiple cases in close relatives diagnosed at an early age. 

Environmental factors cannot account for multiple cases in large kindreds (16) and 

early age at onset is a characteristic of inherited cancer syndromes (17). Segregation 

analyses can suggest one or more plausible modes of inheritance based on the pattern 

of cases in a group of families. Some studies have found evidence of an autosomal 

dominant pattern of inheritance (18-23) while others have found evidence for a 

recessive or sex-linked component (19). 
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With recent advances in molecular biology, attention has been focussed on finding 

genetic bases for familial aggregation and identifying family members who may be at 

higher than average risk (2). Genetic mutations that dramatically increase cancer risk 

have been found for breast and colon cancers (24,25) but, despite widespread 

searching, prostate cancer susceptibility genes have so far proved elusive (1). 

Linkage analysis is a proven means for identifying disease susceptibility genes. 

Genetic markers are segments of DNA with a known location on the chromosome 

(26) and biological specimens can be examined for presence or absence of these 

markers. Genetic linkage describes the tendency for genetic markers that are in close 

proximity on a chromosome to be passed together from one generation to the next 

(27). Evidence for a genetic susceptibility to a disease is found if the same set of 

markers can be shown to be present in affected but not unaffected individuals (17). 

These studies are usually performed on multiple-case families; they play a 

fundamental role in gene mapping and help indicate possible locations for 

susceptibility genes (28). Putative prostate cancer susceptibility loci have been 

identified on a number of chromosomes (1) but, as yet, no actual genetic mutations 

which are associated with a high risk of prostate cancer have been identified. 

Scope of this thesis 

In this thesis I will review the evidence for familial aggregation of prostate cancer 

from case-control and cohort studies and use the results of those studies in a meta-

analysis to obtain summary estimates of prostate cancer risk according to the type of 

familial relationship and the age at diagnosis of affected family members and the age 

of the ‘at-risk’ family member. Using data from a large case-control study conducted 

in Australia during the 1990s, I will estimate the risks of prostate cancer in Australian 

men with a family history of the disease and from these results I will develop risk 

profiles according to the age, number and relationship of affected relatives to assist 

men and their clinicians in making decisions about prostate cancer testing. The impact 

of PSA testing on these estimates will also be assessed. 

Accurate information about diagnoses in relatives is crucial to obtaining reliable risk 

estimates but recent changes to privacy legislation have made access to medical 

records of family members a difficult and costly process, usually outside the limited 

resources of publicly funded epidemiological studies. Limitations of this study, 
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particularly verification of the reported diagnoses and the effect of PSA testing, will 

be examined and their possible impact on the results discussed.  

The primary objective of epidemiology is to provide a basis for understanding disease 

mechanisms so that preventive or control measures can be developed to reduce 

morbidity and mortality (29). The implications of the findings from the case-control 

study, for men who are concerned about their risk of prostate cancer, will be 

considered. The absolute probabilities that unaffected men with a family history of 

prostate cancer will develop the disease will be estimated for different ages and types 

of family history. 

Targeted screening of men with a family history of prostate cancer has been widely 

advocated (11,30-34). Before any screening program is implemented there should be 

evidence that it would be beneficial and this applies equally to targeted screening of 

high-risk men with affected relatives. The evidence relating to screening of men with 

a family history will be considered with reference to the World Health Organisation 

(WHO) criteria for a screening program to determine whether such a program would 

be appropriate. 

Finally, evidence for a genetic basis for prostate cancer susceptibility and likely 

modes of inheritance have been obtained from segregation analysis. Linkage analyses 

have helped focus the search for susceptibility loci to a number of regions in the 

genome and several genes have been suggested as having a role in prostate cancer 

susceptibility. Data from families in this study have been used in both segregation and 

linkage studies that have appeared elsewhere (19,35,36). The thesis will conclude with 

a summary of the results from segregation and linkage analyses and suggestions for 

possible future directions for the search for prostate cancer predisposing genes.  
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Chapter 2 

The evidence for increased risk of prostate cancer in families 
affected by the disease. 

Introduction 

Clustering of a disease within a family could be explained by shared susceptibility 

genes, shared environmental risk factors or both (1). Epidemiologists have adopted a 

systematic approach for investigating familial risk patterns to determine whether 

familial aggregation is a genetically inherited trait and to help identify relevant genes. 

The first stage in this systematic approach involves designing studies to estimate the 

strength of any familial aggregation and to identify features of families that are the 

most likely carriers of mutated genes (17). The second stage utilises segregation 

analysis to statistically evaluate possible genetic inheritance patterns that could 

explain the observed distribution of cases within the families. Finally linkage, or 

positional cloning, studies of high risk families are used to locate and identify the 

genes and specific genetic mutations responsible for predisposition to the disease 

aggregating in these families.  

Both cohort and case-control designs have been used in familial aggregation studies of 

cancer. Twin studies have also contributed to our understanding of the relative 

contributions of heredity and environment. Before considering individual studies that 

have investigated the strength of familial aggregation of prostate cancer, it is 

important to describe these designs and discuss their advantages and disadvantages so 

that the strengths and weaknesses of individual studies can be assessed more readily. 

Most epidemiological studies require a large number of participants to test hypotheses, 

particularly if the risk factors being studied are relatively uncommon or have only a 

moderate effect on disease occurrence. One of the difficulties of studying a relatively 

rare disease, such as cancer, is that of identifying a sufficient number of cases with the 

exposure of interest. If an exposure, such as family history of the disease of interest is 

rare among cases, a very large number of cases will be required. 
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Case-control study design 

Subjects 

Case-control studies have been widely used by researchers to test hypotheses about 

rare diseases. Subjects are selected on the basis of their disease status and the question 

asked is “What factors might have caused this disease?” (37). Cases and disease-free 

controls are compared for differences in their exposure to hypothesised risk factors 

and results are expressed as an odds ratio (OR); the odds of being exposed among the 

case subjects divided by the odds of being exposed among the control subjects. For 

rare diseases, the OR can be interpreted as the relative risk of the disease associated 

with exposure to the risk factor.  

Cases are usually identified from sources such as hospital or medical records or from 

population-based disease registers. In each instance, case subjects for the study are all 

those with the disease being studied or, at least, a defined sample of the affected 

subjects. The selection of an appropriate control group is critical to the interpretation 

of study results (29). Ideally, the source or underlying control population will contain 

all eligible cases. Controls should be at risk of the disease in question and should have 

the same chance as the cases of being selected for the study if they become diagnosed 

with the disease.  

Exposure to risk factors is ascertained retrospectively for both cases and controls and 

multiple risk factors can be studied simultaneously. The retrospective ascertainment of 

exposure implies that, for cases, disease status is known before the exposure data are 

collected. Case-control studies are usually less costly than cohort studies as they 

typically involve fewer participants and can be conducted over a shorter time period. 

The design is useful for studying diseases that have a relatively long time interval 

between exposure and diagnosis as information about exposures, even those in the 

distant past, can be collected at one time point. While suitable for rare diseases, this 

design is generally unsuitable for uncommon exposures but is more statistically 

efficient than other designs for a given study size or cost (38). 

Biases 

Case-control studies are subject to a number of biases, the two most serious being 

selection bias and recall bias. Selection bias can occur if the subjects recruited to the 

study differ from the underlying population about which inferences will be drawn with 
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respect to factors that might distort the exposure-disease association. Should this 

occur, the study subjects would not be representative of the underlying population for 

the factors that could affect their disease status (38). 

Differential recall arises if cases and controls report their exposures in a different way. 

Exposure information is collected after the diagnosis of disease in the cases and, by 

virtue of their disease status, cases may be more likely to recall relevant exposures as 

an explanation for their disease. This would be particularly true for studies of familial 

aggregation in which family history of the disease is regarded as an exposure, if cases 

were more aware of, or made more of an effort to discover, occurrences of the disease 

in their relatives. Disease-free controls would have no similar incentive to do this and 

thus could be unaware of relevant cases in their families. Differential recall can only 

be assessed for family studies if researchers have access to the medical records of all 

relatives but, in practice, this is not usually feasible or indeed possible and, if any 

records are checked, it is often only those of relatives reported as affected.  

A further difficulty with retrospective data collection is that it is not possible to 

distinguish antecedent from consequent causes. This is especially problematic for 

familial aggregation studies where diagnosis of further cases in a family might be 

prompted by the initial family case thus ‘creating’ a family history for cases.  

Control group selection  

The choice of control groups for familial aggregation studies has varied considerably. 

The essential requirement is that controls should be free of the disease being studied 

but at risk of developing that disease. For example, it would be inappropriate to use 

female controls in a study of risk factors for prostate disease. The sampling probability 

must be independent of the exposure for both cases and controls or else adjustment 

has to be made for this in the analysis. For studies of familial aggregation, the 

presence of a family history should not influence the selection process otherwise the 

estimate of the effect of a family history on risk will be biased (29). For familial 

aggregation studies however, females could form an appropriate control group. 

Hospital patients have been a convenient participant source but, because they are a 

selected group of ‘unhealthy’ people who have sought health-care, they may not be 

typical of the exposure pattern of the source population and may differ from non-

hospitalised subjects in unknown but important ways. Controls with cancers other than 
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prostate cancer may share general risk factors that could relate to carcinogenesis in 

general and thus not be similar to the wider population in their pattern of exposures.  

Controls with urogenital diseases other than prostate cancer may share factors that 

could also lead to the development of prostate cancer. They are at greater ‘risk’ of 

diagnosis with prostate cancer as a result of PSA testing, digital rectal examination 

(DRE) or trans-urethral resection of the prostate (TURP) for benign prostatic disease, 

all of which increase the likelihood of a prostate cancer diagnosis. To counter this 

effect, there is a lower likelihood of undiagnosed cases among the control group and 

thus of misclassification of disease status that can occur with a late onset disease such 

as prostate cancer. 

Neighbourhood controls selected because they live in the same residential area as 

cases have been used to control for socio-economic factors related to hospital 

admission so that differences between the case and control subjects on these factors 

may indicate selection bias. Absence of such differences will allow generalisation of 

the results to a broader population.  

Controls with cancers other than prostate cancer may be better at recalling a family 

history of cancer. This type of control shares the fear and anxiety associated with a 

cancer diagnosis that may account for some of the differential recall. They may also 

be more similar to cases on unspecified confounding factors related to hospital 

admission and diagnosis. Controls with other cancers are also less likely to have 

‘undiagnosed prostate cancer’ because of the extensive investigations undertaken 

during the course of cancer diagnosis and treatment (39). 

In attempts to overcome both selection and recall biases, spouses of the cases have 

often been used as the control group in familial aggregation studies. Reports of 

cancers in relatives of cases are compared with those in relatives of the spouse 

controls. The rationale for this approach is that spouses share lifestyle and socio-

economic factors that could influence the diagnosis of prostate cancer in family 

members (40).  

Confounding is another issue for epidemiological studies and the control of 

confounding variables can also affect the choice of a control group. Confounding 

occurs when a factor not of specific interest to the study is associated with a risk factor 

for the disease and with the occurrence of the disease. Biased estimates of the disease-
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exposure relationship will result if these confounding factors are not taken into 

account in the selection of participants. For example, PSA testing increases the risk of 

diagnosis with prostate cancer (8) but men with a family history of prostate cancer 

may be more likely to seek PSA testing because of their relative’s disease (12,41). 

Thus differential rates of PSA testing among cases and controls or their family 

members will confound the association between a family history of prostate cancer 

and the risk of the disease. Most attempts to control confounding are based on the 

selection of an appropriate control group. Despite these inherent difficulties, the 

efficiency and cost effectiveness of the design has meant that case-control studies 

have been used widely to investigate exposure-disease relationships. 

Cohort study design 

In cohort studies, groups of people differing with respect to hypothesised risk factors 

or exposures are selected for study. The question asked in this design is “What are the 

effects of these exposures?” (37). The important feature of cohort studies is that the 

exposure information is recorded prior to the occurrence of the outcome of interest, 

such as diagnosis with a given disease (29,38). The exposed and unexposed groups are 

compared for the occurrence of the disease and the results are expressed as a rate ratio 

or relative risk (RR).  

The selection of participants and recording of their exposure status takes place before 

the diagnosis is known. Study participants are followed through time until a sufficient 

number of outcomes has occurred. Differences in the disease rate between exposed 

and unexposed individuals are then compared. These studies can be either prospective 

or retrospective. In a prospective study individuals are recruited and followed from 

entry to the cohort until the outcome of interest occurs. In a retrospective study, the 

study population is defined on the basis of exposures known or recorded at some 

previous time. The outcome of interest may have occurred prior to the definition of 

the cohort but the recording of exposures will have been prior to the outcome event. 

The cohort design is often considered to be the ideal epidemiological study type as the 

recording of the exposure information is not influenced by subsequent disease status. 

Cohort studies can be used for rare exposures by specifically over-sampling selected 

exposed groups. They are usually limited to just a few exposures but provide an 

opportunity to study multiple outcomes, such as diagnosis with different cancers. 
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Their main disadvantages are the expense associated with long periods of follow-up, 

especially if there is a long delay between exposure and disease onset, and their 

unsuitability for studying rare diseases (29). 

Reconstructed cohort methods 

Familial aggregation studies seek to determine whether there is a higher frequency of 

the disease in case relatives compared with some reference population. This can be 

done within a case-control or cohort framework but the distinction between the two 

designs can sometimes become blurred. The overlap between the designs arises 

because family history can be viewed, in the case-control context, as an exposure 

attribute of the cases and controls themselves or, from a cohort perspective, as an 

exposure attribute of the relatives of the cases and controls (29). 

In a case-control study, disease in a relative of the case or control is treated as an 

exposure and the odds of having affected relatives are compared for cases and 

controls. In a cohort analysis, the family history exposure again refers to the disease 

status of the relatives of a cohort member but the analysis compares the disease rates 

in cohort members with and without affected relatives. 

A natural extension of the case-control design for studying familial aggregation is the 

family study. In this approach, family history is viewed from a cohort perspective and 

the focus is on the relatives of the cases and controls with exposure defined as 

membership of either a case or control family (29). Detailed information is obtained 

about the disease status of the relatives, the relationship of the relative to the index 

case or control, the age at diagnosis of affected relatives, the vital status of all relatives 

and the age at death of those who have died. The frequency of disease in case and 

control relatives can then be compared using techniques such as survival methods of 

standardised incidence ratios (SIRs).  

The presence of a family history is not a simple attribute of a person. It will depend on 

the number of relatives a person has, their ages and family relationship and the 

frequency of the disease in the population. As family size and population disease 

frequency increase, the chance of having at least one affected relative increases. 

Different relatives may have different disease patterns, such as greater risk in first-

degree relatives than in more distant relatives. If cases and controls differ with respect 
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to family size and structure, the probability of a family history of a given disease may 

also differ and this has implications for the estimated OR or RR and its interpretation. 

Some of the concepts underpinning case-control and cohort studies need modification 

or extension when being applied to family data (29). Traditional notions of causation 

need to be adapted when considering family history as a risk factor and statistical 

analyses need to account for the lack of independence of observations on members of 

a family. The lack of statistical independence between relatives violates many of the 

assumptions underpinning standard statistical tests. It is not an issue for binary 

exposure data as used in case-control analyses but needs to be taken into account in 

the analysis of family data in cohort studies (29).  

Accurate ascertainment of exposure is important if unbiased estimates of risk are to be 

obtained. For familial aggregation studies this means that accurate information about 

affected and unaffected relatives is essential for reliable estimates of familial risk. 

Diseases with late onset, such as prostate cancer, present problems in this respect. 

Fathers, uncles and grandfathers are likely to have been diagnosed many years prior to 

current cases and information about diagnoses in these older relatives may be 

unknown and often unobtainable because the affected relatives have died. Sensitivity 

about discussing ‘men’s’ diseases may also limit knowledge within the family of a 

history of prostate cancer. Studies that obtain disease information from objective 

sources, such as cancer registers or medical records, are preferred but these resources 

often do not go back far enough in time to contain the required data about fathers, 

uncles or grandfathers or cover only a limited section of the population. 

Twin study rationale 

Population-based family studies play an important role in evaluating the possible role 

of heredity in disease but data from nuclear families cannot help in distinguishing 

between genetic and environmental factors (42). Classical twin studies, in which the 

disease concordance rates in monozygotic and same-sex dizygotic twins are 

compared, have been used to investigate the relative contribution of genetic and 

environmental factors. Monozygotic twins (MZ), originating from one fertilised 

ovum, are genetically identical whereas dizygotic twins (DZ), originating from two 

fertilised ova, are like siblings who share, on average, half of their genes (42).  
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An assumption is made that both MZ and DZ twins, by virtue of their identical ages, 

have been raised in an identical family environment and that variability in disease 

rates between MZ and DZ twins can be attributed to differences in proportion of genes 

they share (43). It is also assumed that environmental and genetic factors contributing 

to disease susceptibility are additive (44). The assumptions ignore environmental 

factors that could be linked to zygosity, such as foetal environment and the likelihood 

that MZ twins are more likely to share behaviours, for example smoking, but these 

will only be relevant if they contribute to disease risk (45).  

Twin studies thus offer an opportunity to estimate the components of disease that are 

attributable to genotype. Proband-wise concordance, defined as the ratio of the 

number of affected concordant twins and the total number of affected (concordant and 

discordant) twins, is interpreted as the risk of the disease in the co-twin of an affected 

individual (43). Higher concordance for MZ is attributed to their shared genes and 

suggests an important contribution of genetic factors to development of the disease 

(16,46).  

Each of these designs has been used by researchers investigating the familial 

aggregation of prostate cancer. The following sections of this chapter review these 

studies and discuss their strengths and weaknesses. 

Record linkage studies in Utah and Scandinavia  

The Utah Mormon population and most Scandinavian countries have databases that 

allow linkage of genealogical information about population members with population-

based cancer registries. Family members can be identified and their verified disease 

status determined without recourse to subjective, and possibly inaccurate, report by 

relatives. The Mormon Church in Utah maintains a database of descendants of the 

Utah Mormon pioneers with detailed information about births, marriages, deaths and 

genealogical relationships for family groups within the church that allows related 

individuals to be traced back to a common ancestor (47). This resource has been 

linked to the population-based Utah Cancer Registry to form the Utah Population 

Database (UPDB) to provide a facility that has been used in a series of studies 

investigating familial aggregation of a range of cancers.  

Woolf (48) demonstrated familial aggregation of prostate cancer by selecting, as 

cases, prostate cancer deaths registered in the State of Utah between 1942 and 1958. 
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Fathers and brothers of these men were identified from the UPDB and, for each 

relative whose death was registered in Utah, the cause of death was compared with 

that of a control selected from the death register and matched for age, race, sex, 

county of residence and year of death. Controls were chosen from the next appropriate 

entry in the death certificate book. Fifteen prostate cancer deaths were observed in 

case relatives when only 6.7 were expected on the basis of proportionate mortality in 

Utah for the years 1952 to 1958. Five of the matching controls had prostate cancer as 

the major or contributing cause of death but deaths from other cancers were not 

significantly different between the case relatives and their respective controls. The 

authors concluded that prostate carcinoma had an organ-specific genetic component. 

Woolf also argued that basing the proportionate mortality on mortality rates from a 

relatively recent time period would have resulted in an overestimate of the expected 

number of deaths because prostate cancer mortality rates had risen since the beginning 

of the century.  

This study was an important early attempt to demonstrate familial aggregation of 

prostate cancer but the study suffered from several flaws. Only those relatives of the 

initially identified prostate cancer deaths who could be identified from sources within 

Utah, such as local telephone directories or the UPDB, were included and, for the 

identified relatives, only the deaths registered in Utah could be counted. This meant 

that the case relatives were located principally through the UPDB and were thus more 

likely to be Mormons than were the controls who were simply drawn from Utah death 

records. If Mormons in Utah had a higher incidence of prostate cancer than non-

Mormons, this could lead to the observed results but, unfortunately, data were not 

available to determine whether this was the case. 

Cannon et al. (47) used a case-control design but adopted a different strategy for 

control selection. This study, like that of Woolf (48), related specifically to the 

Mormon population of Utah but care was taken to ensure that the control and case 

groups were more comparable than those of the earlier study. Cases were identified 

from the Utah Cancer Registry and linked to the UPDB and the Utah State death 

certificates. Among the 2824 cases with an exact match to the database, a number of 

family clusters was identified. By tracing these family clusters back to common 

ancestors, the degree of the relationship between each pair of cases was determined. A 
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coefficient of kinship was calculated and from this, a mean coefficient of kinship was 

estimated for the case group.  

Six comparison groups, matched on sex, year of birth and place of birth, were selected 

from the UPDB and the mean coefficient of kinship calculated for each group to give 

an empirical distribution for the mean kinship. An excess of prostate cancer cases was 

observed for all familial relationships up to fifth-degree relatives. Prostate cancer was 

observed in 159 brother-brother and father-son pairs when only 70 such affected pairs 

were expected. Statistically significant co-aggregation was seen for brothers of cases 

diagnosed at a young age. There was weak evidence of prostate cancer clustering with 

breast, and brain and central nervous system tumours in sisters, but this was based on 

small numbers and it was concluded that prostate cancer clustered primarily with 

itself.  

The UPDB was also used by Goldgar et al. (49) to demonstrate clustering of cancer in 

first-degree relatives of cancer probands. Cases were selected from the UPDB, their 

first-degree relatives identified and information about cancer in these relatives was 

extracted. Careful consideration was given to the selection of an appropriate control 

group that would adequately reflect the cancer incidence rates in Mormons and 

incorporate any differences between Mormon and non-Mormons that may have been 

responsible for positive results in previous studies of this population. The number of 

cancers expected in the case relatives was calculated from the rates in the cohort of 

individuals who were first-degree relatives of anyone in the UPDB who had died in 

Utah. A doubling of the RR of prostate cancer was seen in first-degree relatives of 

prostate cancer cases and, for cases diagnosed before the age of 60 years, there was a 

four-fold increase in risk. Similar to the findings by Cannon et al. (47), significant co-

aggregation of prostate cancer was demonstrated with breast cancer, brain and central 

nervous system tumours as well as colorectal cancer and non-Hodgkin lymphoma. 

Because both studies were based on the same data source, the similarity of the results 

might be expected and some of these associations may apply only to this population.  

An advantage of the Utah studies was their reliance on records that could be linked to 

the UPDB so that an objective assessment of cancer in relatives was available. 

Unconfirmed self-reports of a family history of cancer could be subject to recall bias if 

cases were more likely to remember or report cancer in their relatives. However, 

limiting the study population to Mormon residents of Utah may mean that results were 
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not generalisable to other populations, particularly if familial aggregation of cancer in 

Mormons was dependent on non-genetic familial factors. Many Mormons do not 

smoke or drink alcohol or coffee and cancer rates in Utah have been found to be lower 

than the rates in the rest of the United States (49) especially for tobacco-related 

cancers. The lifestyle or genetic make-up of these people may explain some of the 

familial clustering observed for prostate cancer and studies in different populations are 

required to confirm familial aggregation of the disease. 

Sweden has ideal systems in place to conduct high-quality research into familial 

aggregation of cancer. All residents have a ten-digit personal identification code 

which enables data linkage of individuals from sources including parish records, 

cancer and death registers and the National Population Register. Similar linkage 

systems are also available in Finland and Iceland. In Finland, the national Population 

Register can be used to identify the birthplace of Finns and their relatives traced 

through local area registers. In Iceland, the population-based genealogical register can 

be linked to the Icelandic Cancer Registry to identify cancers in family members. 

Studies of familial risk of prostate cancer have been reported from each of these 

countries. 

Histologically confirmed prostate cancer cases diagnosed between 1959 and 1963 

were identified from the Swedish Cancer Register (50-52). These 5747 cases 

constituted the study base and local parish offices throughout Sweden were searched 

for information about the children of these men. Data were available for 11 635 

children, including 6005 sons, of 5402 of the initial cases. The full personal 

identification code of 5496 of the sons was linked to the National Population Register 

to identify current Swedish residents. Prostate cancer incidence in the sons was 

identified through linkage to the Swedish Cancer Registry and the date of death for 

those who had died, from the Swedish Causes of Death Register. When the prostate 

cancer incidence rate in the sons was compared with the Swedish population more 

cases than expected were observed in the sons. The overall SIR for prostate cancer in 

sons was 1.7 (95% confidence interval (CI) 1.5 – 1.9) but was higher in sons aged less 

than 50 years and decreased linearly with the son’s age. A decreasing trend in the RR 

for the sons was also seen with increasing age at diagnosis of the father. If the father 

had been diagnosed before the age of 70 years the RR decreased jointly with 

increasing age of both relatives. There was no obvious selection bias in the study and 
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recall bias was not an issue as the study utilised registry data not collected directly 

from participants. Response bias was also an unlikely explanation of the results as the 

follow-up rate of 86% for fathers and sons combined was high and non-responders 

were distributed almost equally across the country. PSA testing had not been widely 

used in Sweden for the early detection of prostate cancer and was thus an unlikely 

factor in the increased risk for younger men. 

Hemminki and Vaittinen (53) recognised that accurate data on familial risks were 

important for clinical decisions, family counselling and public education. They 

selected subjects from the Swedish Family Cancer Database, a database formed by 

linking the Swedish Cancer Registry with the Second Generation Register of all 

Swedish children born since 1940 that includes details of their biological parents. All 

primary cancers diagnosed between 1958 and 1994 were identified in the parents and 

the familial relative risks (FRR) for various cancer sites were calculated as the ratio of 

the incidence of cancer at the same site in offspring and the incidence of all cancers in 

offspring. Prostate cancer had the highest proportion of all cancers occurring at the 

same site in parents and offspring (11.5%) but the FRR for prostate cancer was not 

elevated (FRR = 1.6; 95% CI 0.7 – 2.5). The maximum age at diagnosis in offspring 

was 53 years and few sons were aged over 50 years. Only fourteen prostate cancer 

cases had been diagnosed but it was predicted that a FRR > 1 would be observed as 

the population aged because the age-specific incidence in sons of affected men was 

higher at all ages than in men with unaffected fathers. The study relied on documented 

family history thus avoiding ascertainment and recall bias but was limited by the 

relatively young age of the offspring. Prostate cancer in Sweden has a median age at 

diagnosis closer to 70 years and prostate cancer incidence in the 45 – 49 age group is 

about 500 times lower than in men aged 80 or more (53). 

In 1999, the Swedish Family Cancer Database was updated and expanded to include 

all people born in Sweden after 1934 and all cancers diagnosed up to 1996 (54). The 

SIRs were calculated according to the ages at diagnosis of the fathers and the sons but 

the oldest age of the sons was 61 years. The highest SIR (4.4; 95% CI 1.4 – 9.2) was 

observed for sons younger than 50 years whose father was diagnosed before the age of 

65 years and the lowest for sons aged 50 – 61 years whose fathers were diagnosed 

after the age of 65 years.  
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In a further update in 2001, cancers diagnosed up to 1998 were included (55). The 

SIRs for sons and brothers were calculated and more detailed age categories were 

available. There was a decrease in the RR of prostate cancer for the son with 

increasing age at diagnosis of the father from 3.6 (95% CI 2.1 – 5.4) for men whose 

fathers were diagnosed before the age of 60 years to 2.2 (95% CI 1.8 – 2.5) for men 

with fathers diagnosed over the age of 80 years. All sons were aged less than 60 years 

and the RR remained fairly stable at 2.4 (95% CI 2.2 – 2.6) across all the sons’ ages. 

For the brothers of men with prostate cancer, the RR also decreased with increasing 

age from 5.1 (95% CI 2.5 – 8.6) for men whose brother was diagnosed between 45 

and 50 years of age to 3.4 (95% CI 2.0 – 5.2) if the first brother was aged 60 – 66 

years at diagnosis. 

Also in Sweden, Bratt and colleagues (56) investigated the incidence of prostate 

cancer in the first-degree relatives of early onset cases. Men with prostate cancer 

diagnosed before the age of 51 years were identified from the Swedish Cancer 

Register. Their first-degree relatives were identified from parish records and the 

expected number of prostate cancers in these relatives was calculated using Swedish 

incidence data. There was a 43% excess of prostate cancers in relatives across all ages 

that was not significant. For relatives aged less than 70 years the SIR was 3.4 (95% CI 

1.4 – 6.9). This SIR was higher than the estimate of Grönberg (50) and was consistent 

with a higher risk in relatives of early onset cases. 

Matikainen et al. (57) investigated the incidence of prostate and other cancers in first-

degree relatives of prostate cancer cases in the genetically homogeneous Finnish 

population. All men aged 60 or less at diagnosis and a sample of older men diagnosed 

with prostate cancer between 1988 and 1993 were selected from the Finnish Cancer 

Registry. Their 11 427 first-degree relatives were identified from parish records and 

the cancer incidence in these relatives was determined from the cancer registry. Of the 

4310 first-degree male relatives, 154 had been diagnosed with prostate cancer. The 

SIRs based on expected rates in the general population were found to be significantly 

elevated in relatives of both early- and late-onset cases. The overall SIR for all ages 

combined (1.9; 95% CI 1.7 – 2.3) was not given in the report but could be calculated 

from data in the tables and was comparable to that reported in the Swedish population 

for similarly aged men (50,51). The greatest increase in RR was for relatives of men 

diagnosed before the age of 60 years (SIR = 2.5; 95% CI 1.9 –3.4) but RR was also 
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elevated for relatives of cases diagnosed after 60 (SIR = 1.7; 95% CI 1.4 – 2.1). 

Despite both these RRs being higher than expected, there was a U-shaped relationship 

between the age at onset of cases and the increased risk of prostate cancer in relatives; 

relatives of men aged less than 70 years or more than 80 years at diagnosis had 

increased risk but relatives of men aged 70 – 79 years showed no increase in risk. This 

may suggest that genetic contributions to prostate cancer susceptibility operate for 

both early- and late-onset cases. Early onset is usually a characteristic of inherited 

cancer syndromes and, in Finland, linkage to the hereditary prostate cancer 

susceptibility locus on chromosome Xq27-28 (HPCX locus) has been associated with 

late-onset cases (58). Gastric cancer was the only other cancer seen at greater than 

expected rates and this was only for male relatives of men diagnosed before the age of 

60 years.  

In Iceland, men diagnosed with prostate cancer between 1983 and 1987 were selected 

as index cases from the population-based Icelandic Cancer Registry (59). Information 

about their family members, up to third-degree relatives, was obtained from 

computerised genealogical records and cancers diagnosed in the male relatives 

between 1955 and 1999 were identified from the cancer registry. The RR of prostate 

cancer in first-degree relatives was 1.7 (95% CI 1.3 – 2.3) which is similar to that 

found in other Scandinavian countries for similarly aged index cases (50,51,53,57). 

The RR was higher for relatives of men diagnosed before the age of 68 years and 

decreased with increasing degree of relationship to the index case. Decreases in the 

RR with more distant familial relationships were seen for relatives of both early and 

late onset cases but the RR was higher for the relatives of men diagnosed at a younger 

age. Few studies have been able to assess risk for relatives other than first-degree 

relatives but a decrease in the RR with increasing degree of relatedness, up to fifth-

degree, was also seen in the Utah population (47).  

The results from these record linkage studies in both Utah and Scandinavia have 

provided consistent evidence of familial aggregation of prostate cancer that is stronger 

among closer relatives and in families with early-onset cases. Record linkage, 

however, is not available for most populations and provides little information 

regarding the effect of other exposures on disease risk. Studies in populations without 

access to record linkage have relied on the more traditional epidemiological 

approaches based on case-control and cohort studies. 
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Case-control studies in other populations 

Hospital-based studies 

Case-control studies have been conducted in hospital and population-based settings. 

Hospital-based case-control studies have utilised hospital patients with prostate cancer 

as cases and selected controls from other patients, with or without cancer, or recruited 

neighbourhood or spouse controls.  

In one of the earliest hospital-based studies non-cancer, non-urogenital patients were 

selected as controls for 221 prostate cancer cases diagnosed in seven Los Angeles area 

hospitals between 1971 and 1972 (60). The controls were matched to the cases on age, 

sex, race and hospital. Prostate cancer in the control group was excluded using 

prostatic acid phosphatase measurements and a DRE. History of prostatic ‘disease’ 

was collected for grandsons, sons, brothers, fathers, uncles, male first cousins and 

paternal grandfathers. The crude OR could be calculated from data in the report and 

there were more prostate cancers reported in case family members than in control 

families (OR = 6.1; 95% CI 1.4 – 27.8). The case and control groups were similar in 

age, sex, race, religion and social class but the distribution of these variables in either 

Los Angeles or California was not indicated so possible selection bias could not be 

assessed. The authors discounted the possibility of differential recall of family history 

by cases and controls because there were no case-control differences in reports of 

extraprostatic neoplasms in relatives. Unfortunately, this cannot be cited as a valid 

argument against differential recall since cases may be more likely to report only the 

relatives who shared ‘their’ cancer.  

Schuman et al. used two control groups in a hospital-based study of white patients 

from Minneapolis-St Paul (61). The first group consisted of control patients with non-

urogenital problems, matched on sex, age, race and admission date. The second 

control group was neighbourhood controls drawn from non-hospitalised men matched 

to the cases on age, race and residential location. The purpose of the neighbourhood 

control group was to adjust by design for possible confounding due to socio-economic 

factors and factors related to hospital admission. Any differences between the two 

control groups could indicate selection bias. This was an interim report, based on 40 

cases, 43 hospital controls and 35 neighbourhood controls, from an anticipated 200 

cases but a report on the completed study does not appear to have been published. The 
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main focus of the study was to examine the role of sexual activity and venereal 

disease on prostate cancer risk but family history of prostate cancer in an undefined 

set of male relatives was also obtained from participants in an in-depth interview. ORs 

were not presented in the report but a crude unmatched OR calculated from the data 

presented suggested that a family history of prostate cancer was associated with an 

increased risk of 2.5-fold (95% CI 0.6 – 11.0) when compared with the hospital 

controls and of 4.9-fold (95% CI 1.1 – 20.7) when compared with both control groups 

combined. No neighbourhood controls reported prostate cancer in a family member 

highlighting the need for large sample sizes when the exposure of interest is 

uncommon.  

In another small hospital-based case-control study, cases were 39 men diagnosed 

during a 12-month period between 1968 and 1969 in Ontario, Canada (62). The first 

control group was non-cancer, non-urogenital patients matched with the cases on age 

and sex, while the second group consisted of all hospitalised patients with benign 

prostatic hyperplasia (BPH) in whom prostate cancer had been excluded. Data on 

personal and family history of illness, including cancer, were collected in a face-to-

face interview. Reports of prostate ‘disease’ were more common in fathers and 

brothers of both the prostate cancer cases (12.8%) and the BPH control group (20%) 

than for the non-urogenital controls (5.1%). The proportions were based on small 

numbers and the differences were not statistically significant. The study also focussed 

on prostate ‘disease’ rather than prostate cancer in relatives and the high proportion of 

BPH controls with a family history of prostate disease may be a reflection of greater 

use of medical services by men undergoing TURP. The differential use of medical 

services and the increased likelihood of other family members to seek attention for 

cancer after a relative’s diagnosis, thus creating a family history, can bias the familial 

risk estimates are important considerations for studies of familial aggregation. 

Two further North American hospital-based case-control studies used patients with 

cancers other than prostate cancer (39,63). Spitz et al studied 385 patients diagnosed 

with prostate cancer between November 1985 and June 1989 from the M.D. Anderson 

Cancer Center in Texas (63). Controls were cancer patients without prostate cancer 

from the same institution, frequency matched by age and race. All patients completed 

a self-administered questionnaire about putative risk factors for cancer including a 

detailed family history documenting dates of birth and death for all siblings, offspring 
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and parents and any cancer diagnoses in those relatives or other blood relatives. The 

risk of prostate cancer was significantly higher for men with affected first-degree but 

not second-degree relatives and was similar if a father or brother was affected. It was 

argued that the use of controls with cancer could reduce recall bias since both groups 

would share the fear and anxiety associated with a cancer diagnosis that may be 

responsible for over-reporting of cancer in relatives. It is not known whether the 

reporting of a family history of cancer is influenced by the type of cancer and it could 

also be argued that cancers at the same site as the index case may be more readily 

reported. 

Mettlin et al. made opportunistic use of data collected routinely from patients entering 

Roswell Park Cancer Institute in New York (39). Cases were 1271 prostate cancer 

patients and controls were 1909 similarly aged patients with leukaemia, bladder, lung, 

colorectal or skin cancers. These sites were thought to have a distribution of age at 

diagnosis similar to prostate cancer and have sufficiently diverse aetiologies to reduce 

systematic bias. All subjects were aged over 35 years, had not been adopted and had 

come to the centre though comparable referral processes. As in other studies, cases 

were more likely to report a father or brother with prostate cancer but the increased 

risk of prostate cancer for men with a family history was restricted to the cases aged 

under 70 years at diagnosis. No evidence of selective reporting of cancers at the same 

site as the index subject was found in the control group except for colorectal and skin 

cancers, both of which have a recognised familial component. 

The RR of prostate cancer associated with a family history of the disease depends on 

the population proportions of cases and controls with a family history of the disease. 

Lower incidence in a population means there will result in fewer cases overall and the 

respective proportions of cases and controls with a family history may be different in 

populations with different prostate cancer incidence. Unless the relative proportions 

change there will be no change in the RR. It is therefore important to investigate 

whether familial aggregation patterns are different in different population groups.  

Case-control studies outside North America, in populations with differing prostate 

cancer incidence rates, have also shown comparable increases in risk for men with 

relatives affected with prostate cancer. Ilic et al. included 101 incident cases 

diagnosed between 1990 and 1994 in two towns in central Serbia, Yugoslavia (64). 

Prostate cancer rates in Yugoslavia are low compared with rates in the USA and the 
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UK (65). Controls were inpatients without prostatic disease matched 2:1 with the 

cases by age, hospital and place of residence. All eligible controls and 72% of cases 

were interviewed in hospital about selected risk factors for prostate cancer including 

family a history of the disease in father, brothers, sons and grandfathers. ORs were not 

reported but, from the numbers given in the report, crude ORs could be calculated for 

some of the specified relatives. Prostate cancer risk was significantly higher in men 

with an affected father (OR = 4.2; 95% CI 2.2 – 12.6) and in men with an affected 

brother (OR = 4.2; 95% CI 1.4 – 12.9). These estimates were higher than the two-fold 

increased risk typically found in populations with higher incidence but were not 

significantly greater than those estimates. Some of the excess risk in brothers could be 

explained by cases reporting a greater number of brothers than did controls. ORs 

could not be calculated for other relatives as no controls reported an affected son or 

grandfather. 

Jamaica is an area with high prostate cancer incidence and Glover et al. (66) used 

physicians’ records to identify 263 black Jamaicans with documented prostate cancer. 

Controls were patients with a normal DRE selected from the same source and 

frequency-matched to the cases by age. All participants were questioned about cancer 

in first-degree and second-degree relatives. Cases were more likely to report having an 

affected first-degree relative with prostate cancer (OR = 2.1; 95% CI 1.1 – 4.4; p = 

0.014) and there was an increasing linear trend in risk with the number of affected 

relatives (p=0.005). The mean number of relatives reported by cases and controls was 

similar and the percentages of both groups who reported a family history of prostate 

cancer were similar to those in other studies, suggesting that, in terms of 

multiplicative risks, the association between prostate cancer risk and family history is 

independent of the prostate cancer incidence rates. 

In a study of 209 cases from a urology clinic in Newcastle (UK) (67), two control 

groups, both with urological disorders, were drawn from the same clinic as cases. The 

first group consisted of 196 age, sex and area matched men with bladder cancer who 

were free of prostate cancer while the second group was 126 men undergoing TURP 

for benign prostatic disease in whom prostate cancer had been excluded. Data were 

collected on cancers in family members from the current and preceding two 

generations. There was little information in the report about the statistical methods 

used and it seems that there were some errors in the results presented. For example, 
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the two control groups were combined for the analysis and the matching variables 

ignored. Furthermore, ORs appear to have been calculated using the total number of 

affected relatives as the numerators, rather than the exposure status of cases and 

controls. In the analyses of first-degree and second-degree relatives, the denominators 

appeared to include some men with affected relatives rather than only the men without 

any family history of prostate cancer. The ORs reported for first-degree relatives (OR 

= 17.8, 95% CI 2.3 – 139) are substantially higher than those from most other studies 

but, while partially explained by the incorrect use of statistics, are probably still too 

large to be due to selection or misclassification biases only. This result differs from 

that of Steele et al. (62) who found that prostate disease was more common in family 

members of BPH patients than prostate cancer patients.  

Another choice of control group for familial aggregation studies has been the spouse. 

Steinberg and colleagues (40) studied 691 consecutive radical prostatectomy cases 

from Johns Hopkins Hospital recruited between 1982 and 1989. The control group 

consisted of the spouses or female companions of the cases who, it was considered, 

would be more informed about prostate cancer in their own family because of their 

husband’s experience with the disease and would be similar to the cases with respect 

to confounders related to lifestyle factors. Information about prostate cancer history 

was obtained for fathers, brothers and maternal and paternal grandfathers and uncles. 

Because this was a large study, risks could be assessed in different age and 

relationship groups. The unadjusted ORs were calculated by comparing the number of 

affected case and control relatives rather than the exposure status of the cases and 

controls themselves, measured as the number of participants with affected relatives. 

The results indicated an elevated risk of prostate cancer for men with an affected 

father, brother or second-degree relative. The risk was higher for men with an affected 

brother than an affected father and for an affected first-degree-relative than a second-

degree relative. The ORs from a logistic regression based on the exposure status of the 

cases and spouses and adjusted for age of the proband were lower than the unadjusted 

ORs. The estimates from logistic regression were similar for fathers and brothers and 

increased with the number of affected relatives. While differential recall may partly 

explain case-control differences, positive results from familial aggregation studies 

could also be due to increased diagnostic surveillance in relatives of cases. To guard 

against this, reports of prostate cancer were validated in 97% of the affected case and 
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control siblings. Furthermore, there was no evidence of younger age or earlier stage at 

diagnosis that would be expected with increased surveillance of case families. 

Spouse controls were also used in a study of 1084 consecutive newly diagnosed 

patients with adenocarcinoma of the prostate from a clinic in the Washington 

University School of Medicine (68). Controls were unavailable for 149 of the cases 

included in the analysis which, like the previous studies (40,67), was based on the 

number of affected relatives rather than the number of cases and controls with affected 

relatives. Overall, there were no differences between the cases and controls in reports 

of cancers other than prostate cancer. Twenty five percent of cases and 9.1% of 

controls reported prostate cancer in first-degree or second-degree relatives. The OR 

for an affected brother was higher than for an affected father (4.7; 95% CI 3.0 – 7.5 

and 3.5; 95% CI 2.4 – 5.0, respectively, p = 0.001 for the difference in risk between 

fathers and brothers). The risk for brothers decreased with increasing age at diagnosis 

of the proband but the significance level of this result was not reported. In contrast to 

the studies in Utah and Iceland (47,59) that found increased risk extended to at least 

third-degree relatives, there was no evidence for differences between cases and 

controls with respect to affected grandfathers or uncles. The information about 

affected relatives in the Utah and Iceland studies (47,59) was obtained from cancer 

registry records that are likely to be more reliable than self-reported family history, 

particularly for more distant relationships (69). The use of spouse controls may have 

reduced recall bias and controlled for possible lifestyle related confounders but 

selection bias cannot be excluded as patients from the clinic may have differed from 

the general population. 

Population-based studies  

Hospital-based case-control studies have been criticised because of the possibility of 

biases in the recall of exposures and the selection of controls. Moving outside the 

hospital setting allows researchers to select study participants from a wider population 

base while maintaining the advantage of a case-control study for investigating rare 

diseases. Population-based case-control studies can address the problem of selection 

bias with cases drawn from the same defined population as the controls but they are 

still subject to differential recall. Response bias can also be an issue for population-

based studies. This occurs when eligible subjects choose not to participate. If the 
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proportions participating are low, the external validity of the study is threatened. 

Differential response rates for cases and controls may also add to selection bias.  

Results from population-based studies should have more general applicability and 

provide a more accurate assessment of familial risk with which to frame advice and 

guide decisions for men in the wider community. Population-based cancer registries 

are a logical source of cases but the control source for these studies has depended on 

what population enumerations were available that were comparable to the catchment 

area of the cancer registry. 

A population-based study, addressing the question of familial aggregation of prostate 

cancer in the broader Utah population than was available from the UPDB, was 

conducted using cases identified from the population-based Utah Cancer Registry 

(70). The control group was spouses of the cases and it was intended to compare the 

incidence of prostate cancers in brothers and brothers-in-law of the 150 index cases 

who had all been diagnosed before the age of 62 years. Reported diagnoses in brothers 

and brothers-in-law were confirmed with hospital records and, to reduce possible bias 

due to diagnoses in relatives prompted as a result of the initial family case, index case-

brother disease pairs were excluded if the diagnoses occurred within one year of each 

other. The risk of developing prostate cancer by age 85 years was calculated for the 

two groups but only one brother-in-law had been diagnosed with prostate cancer. 

Consequently, the RR in case brothers was compared with the general Utah 

population risk. The cumulative risk to age 85 years for case brothers was 0.53 which 

was about four times that of men in the general Utah population (0.13). The risk was 

even higher (a 16.6-fold increase) for men under 50 years but that estimate was based 

on a single case. The authors concluded that ‘familial influences are the most potent 

risk factors ever identified in predisposing men to the occurrence of prostatic 

disease’; these factors could include both genetic and non-genetic familial influences. 

Ascertainment bias, as a result of increased surveillance of family members of cases, 

was thought to be an unlikely explanation of the result because of the exclusion of 

proband-brother pairs with contemporaneous diagnoses, the low prostate cancer 

incidence in brothers-in-law and the fact that increased surveillance of the families of 

cases was not a common practice of urologists in Utah at the time. The study included 

both Mormon and non-Mormon participants and confirmed that the aggregation of 
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prostate cancer in families found in the UPDB studies was not specific to the Utah 

Mormon population. 

Similarly in Sweden, studies not based on the linked population databases have been 

conducted to explore specific risk factors including a family history that might affect 

prostate cancer risk. Andersson and colleagues compared 256 men aged less than 80 

years, diagnosed with prostate cancer in Örebro County between 1989 and 1991 with 

252 similarly aged controls randomly selected from the county population register 

(71). All controls provided a blood specimen and underwent a DRE. Those found to 

have subsequent biopsy evidence of prostate cancer were excluded. A self-reported 

family history of prostate cancer in a father or brother was associated with an 

increased risk (OR = 3.0, 95% CI 1.5 – 6.1). Men with an affected father were more 

than twice as likely (OR = 2.4, 95% CI 1.0 – 5.6) to have prostate cancer and an even 

stronger association was found if a brother was affected (OR = 5.2, 95% CI 1.5 – 

18.1) but the difference between the risk with an affected father or brother was not 

significant (p = 0.34). Unexpectedly, risk was higher in men aged 70 years or over 

than in younger men (OR = 3.3; 95% CI 1.3 – 8.7 and OR = 2.6; 95% CI 0.9 – 7.6, 

respectively). The familial risk estimate for any affected first-degree relative was 

higher than that found for similarly aged men in the studies based on the Swedish 

Family Cancer Database (50,51,53,57) suggesting that differential recall bias could 

have been present. The authors argued that screening for prostate cancer was 

uncommon in Sweden hence an excess of asymptomatic cases was unlikely but the 

problems of recall bias and increased scrutiny of case relatives leading to a higher 

level of familial aggregation for cases could not be excluded.  

In another Swedish study specifically investigating familial and hereditary prostate 

cancer (72), all prostate cancer cases diagnosed during 1995 and 1996 and living a 

defined geographical area of southern Sweden were aged matched with two control 

groups. The first control group was male patients from the same geographical area 

who were cases in separate studies of non-Hodgkin lymphoma and melanoma; the 

second group was made up of the control series from the same two studies. The OR 

for an affected father or brother was 3.2 (95% CI 2.1 – 5.1). When relatives were 

considered separately, the familial risk was higher for men with an affected brother 

(OR = 3.6, 95% CI 1.8 – 7.2) than an affected father (OR = 2.2, 95% CI 1.2 – 4.0) (p 

= 0.6 for the difference between fathers and brothers) and there was a decrease in 
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familial risk with increasing age at diagnosis. Even though the information was not 

used in the analyses, reports of cancer in relatives of the cases only were validated 

against the Southern Swedish Cancer Registry. Sufficient identifying data were 

available for 61 first-degree relatives and diagnoses were verified in 56 (92%) of 

these. The proportion of false-positive reports was approximately the same as that for 

false negatives thus the number of verified cases in relatives differed little from the 

reported number of cases. The risk estimates were similar to those in the case-control 

study of Andersson et al. (71) but were higher than the population-based studies in 

which information about relatives’ cancers was obtained from objective sources. 

Reported diagnoses in control relatives were not verified against cancer registry 

records and under-reporting of affected relatives by controls would have the effect of 

inflating the estimates of familial risk. 

A higher risk for men with affected brothers (OR = 3.0, 95% CI 1.7 – 5.2) than 

affected fathers (OR = 1.9, 95% CI 1.2 – 3.0) (p = 0.2 for the difference between 

fathers and brothers) was also found in a study in Massachusetts reported by Kesko et 

al. (73). For men with an affected first-degree relative, the risk decreased with 

increasing age. There was also a significant decrease in risk with increasing age at 

diagnosis of the affected relative. The cases were 563 men aged less than 70 years 

identified from the Massachusetts Cancer Registry who were diagnosed between 1992 

and 1994. Controls (n = 703) were men with no history of the disease selected from 

residential lists of the town where the cases lived and matched to cases on age and city 

of residence. PSA testing was in widespread use in the United States during the study 

period (6) and detection bias may have contributed to the findings if men with a 

family history of prostate cancer were more likely to participate in prostate cancer 

screening programs or seek early detection of prostate cancer. The evidence for this 

having occurred was weak as there was no difference in family history for men with 

early-stage disease or men with disease detected because of symptoms. Asymptomatic 

men, however, were more likely to have a family history than symptomatic men. 

United States blacks have the highest reported rates of prostate cancer in the world (4) 

and this may result in a different familial risk pattern. None of the previously 

mentioned studies has reported on risk differences between black and white men. 

Hayes and colleagues (74) conducted a study in ten US counties covered by 

population-based cancer registries. Cases were men aged 40 to 79 years, diagnosed 
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with prostate cancer between 1986 and 1989. The sampling frequency for each age 

and ethnic group was varied to ensure broad distributions by age and race. Prostate 

cancer-free population controls were drawn from the same geographical areas and 

matched to the expected age, sex and ethnic distribution of the cases. Information 

about a family history of prostate cancer in first-degree relatives was obtained from 

972 cases and 1294 controls (583 blacks and 711 whites). Despite the differences in 

prostate cancer incidence, there were no differences between blacks and whites 

regarding the risk of prostate cancer associated with a family history of the disease. 

The risk associated with having an affected first-degree relative was 3.4-fold (95% CI 

1.5 – 7.5) for whites and 3.1-fold (95% CI 1.8 – 5.3) for blacks. For a paternal history 

of prostate cancer the OR was 2.5 (95% CI 1.5–4.2) and for prostate cancer in a 

brother was 5.3 (95% CI 2.3 – 12.5). The study found no effect of a family history on 

the age at diagnosis of the case.  

A study by Whittemore and colleagues (75) comparing differences in familial risk 

between black, white and Asian men in North America, found elevated risks for men 

with a family history of prostate cancer but no differences in familial risk between the 

three ethnic groups. The 1500 cases were identified through notifications to the 

population-based cancer registries in San Francisco, Los Angeles, Hawaii and 

Ontario. Controls were 1581 men randomly selected from the same populations and 

frequency-matched to the cases by age, ethnicity and place of residence. Relative to 

men with no family history of prostate cancer, those reporting an affected brother 

were at higher risk than those reporting an affected father or son (OR = 2.9, 95% CI 

2.0 – 4.2 and OR = 2.0, 95% CI 1.3 – 2.9, respectively). Familial risk did not vary 

across age groups but was higher for men with two or more affected first-degree 

relatives. Foreign-born Asian men reported prostate cancer in their father less often 

than US-born Asian men. This could reflect either the low prostate cancer rates in 

Asia (65) or poorer knowledge of the disease status of relatives living overseas. 

Finally, not all the attention of population-based case-control studies has been 

focussed in the USA or Scandinavia. A New Zealand study by Norrish et al. (76), 

conducted in Auckland during 1996, reported an increase in the risk of prostate cancer 

for men with an affected first-degree relative (OR = 2.8, 95% CI 1.5 – 5.5). Results 

were based on relatively small numbers of men with a family history of prostate 
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cancer and separate estimates could not be given for different relationships or age 

groups. 

The only study at odds with consistent findings for different ethnic groups has been a 

population-based study in Quebec, Canada, reported by Karakiewicz et al. (77). A 

total of 4546 men treated with radical prostatectomy between 1988 and 1996 were 

sent questionnaires about family history of prostate and breast cancers to be completed 

by themselves and their spouses. Responses were received from 1633 (36%) cases and 

1386 of their spouse controls. Cases were three times (95% CI 2.5 – 3.6) more likely 

to report prostate cancer in a first-degree relative than their spouses. The combined 

OR was 3.0 (95% CI 2.5–3.6) but there were differences between the French- and 

English-speaking participants. English-speaking participants constituted only 9% of 

the sample and French-speakers reported more male siblings. The separate ORs were 

1.5 (95% CI 0.8 – 2.7) and 3.2 (95% CI 2.6 – 3.9) for Francophone and Anglophone 

linguistic preference respectively (p = 0.02). Investigation of the differences between 

responders and non-responders indicated that men younger than 54 years were five 

times more likely to have participated than men over 70 years of age and, if familial 

prostate cancer led to diagnosis at a younger age, this may have inflated the risk 

estimates. 

Case-control studies, in general, can suffer from potential biases that are not easy to 

address. The most problematic is the issue of differential recall of exposures by cases 

and controls. Some have argued that, because there are no clear and widely held 

hypotheses relating to prostate cancer aetiology, differential recall would not be 

substantial (71). There may be differences in exposure between controls who agree to 

participate and those who do not and selection bias may lead to poor control of 

confounding and biased results. Controls who have a particular interest in health 

related research and who lead a ‘healthier’ lifestyle may be more likely to participate 

in these studies and as a result not be representative of exposures in the population 

from which the cases are drawn (72).  

Cohort studies are a more reliable way to investigate associations between exposure 

and disease. Exposures are determined at the time of entry to the cohort and 

participants followed until the occurrence of the outcomes of interest, such as 

diagnosis with cancer. Recall bias is minimised by collecting exposure information 

prior to the diagnosis of disease but, if the outcome is a rare disease, it may take many 



 

52 

years or a very large cohort to accumulate sufficient events to answer questions of 

interest.  

Cohort studies 

Hospital-based studies 

There have been few hospital-based cohort studies probably because too few 

participants are generally available to give the study sufficient power and the length of 

time needed to obtain a result would be too great. The selection bias inherent in 

hospital-based studies also makes it difficult to generalise results to the wider 

population and, since cohort studies are usually more costly to perform, they are not 

the most efficient use of research funding.  

Aprikian and colleagues (78) examined the association of family history and prostate 

cancer in 2968 consecutive patients from a urological referral centre in Montréal 

between 1991 and 1993. The men had been referred by urologists for transrectal 

ultrasound following either an elevated PSA or abnormal DRE but the underlying 

source population of patients attending the urologists prior to referral is not defined. In 

this group of men at high risk of a prostate cancer diagnosis, 329 men reported a 

family history of prostate cancer but the relatives included when collecting ‘family 

history’ information were not specified. Subsequent to the interview, 902 prostate 

cancers were identified in 133 men with, and 769 without, a family history. A higher 

proportion of men who reported a family history were diagnosed with prostate cancer 

than men with no such history (40% versus 29% respectively, p < 0.0001). No 

differences in PSA level or severity of disease, as measured by Gleason score, were 

observed. The results from this group of men at high risk of a prostate cancer 

diagnosis do not necessarily mean that a similar association exists at the population 

level but they do indicate an association between a family history of prostate cancer 

and diagnosis with the disease in this group of men. 

Cunningham et al. (79) identified 330 prostate cancer cases in African-American and 

white men aged less than 80 years at diagnosis between 1993 and 1996. Prostate 

cancer incidence rates in the relatives of these cases were compared with rates from 

the US Surveillance, Epidemiology and Ends results (SEER) Program. The SIR for 

first-degree relatives was 1.6 (95% CI 1.2 – 2.1) and did not differ for African- or 

white Americans. In a validity check for ascertainment of affected relatives, using an 
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internal cohort group of the female partners of the cases, no excess or deficit of 

prostate cancer was found for the relatives of the partners. 

Population-based studies 

Population-based selection of a large number of study participants allows the 

population prevalence of a family history of disease to be estimated. The frequency of 

prevalent prostate cancer in first-degree relatives of men with prostate cancer and the 

RR of prostate cancer associated with having an affected family member was 

estimated by Monroe and colleagues in a study of 55 359 men aged 45 to 74 years 

participating in a population-based cohort study in Los Angeles and Hawaii (80). 

Cohort members were identified from drivers licence files and the response rates 

ranged from 16% in Latinos to 23% in Whites (81). The prevalence of a family history 

in first-degree relatives differed across the ethnic groups studied (Black, Latino, White 

and Japanese) but, independent of ethnicity, men with an affected brother had 

approximately double the risk of prostate cancer compared with those with an affected 

father (RR = 2.1, p < 0.00005). The effect of age was not reported. This risk pattern is 

consistent with a recessive or X-linked mode of inheritance. Similar analyses for 

breast cancer were carried out for the 64 656 female participants but the difference in 

risk for women with an affected sister compared with an affected mother was not 

seen. This difference in risk patterns was used to argue that selection, ascertainment 

and recall biases were not responsible for the results observed. It is possible, however, 

that women have better knowledge or recall of breast cancers in their mothers than do 

men about prostate cancer in their fathers.  

In a similar type of study reported by Narod et al., 6390 men participating in a 

population-based prostate cancer screening program were asked about a history of 

prostate cancer in a brother, father, uncle or grandfather prior to testing with a DRE 

and PSA test (82). Between 1988 and 1992, 26,781 men aged over 45 years were 

selected from the Quebec City (Canada) electoral lists and invited to participate; 6390 

underwent screening. A family history of prostate cancer was reported by 658 (10%) 

men and prostate cancer was diagnosed in 264 men. The RR of prostate cancer in men 

with an affected brother was 2.6 (95% CI 1.7 – 4.1). An affected first-degree relative 

was also associated with increased risk (RR = 1.7, 95% CI 1.2 – 2.4) but, even though 

the RRs for an affected father or second-degree relative (uncle or grandfather) were 
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elevated, neither was significant. Family history information was collected prior to 

screening and diagnosis thus recall bias should have been minimised. The prevalence 

of prostate cancer in uncles of controls, however, was lower than that reported for 

fathers indicating possible selection bias in cohort members such that those with a 

knowledge of the disease in their families were more likely to participate in the study. 

On the basis of the higher RR in brothers than fathers and an attenuated risk in 

second-degree relatives, a recessive or X-linked genetic component was postulated for 

prostate cancer inheritance. A higher prevalence in maternal uncles of cases would be 

expected with X-linked inheritance but information about whether this was evident 

was not given. 

In a case-cohort study, Schuurman et al. identified 642 cases from population-based 

Dutch cohort study (83). Person-years at risk were estimated for a sub-cohort of 1525 

males randomly sampled from the cohort and followed up for vital status. The history 

of prostate cancer in fathers and brothers was obtained from cases and sub-cohort 

members. The RR for men with at least one affected relative was 1.8 (95% CI 1.1 – 

3.0) and was 6.3 (95% CI 1.9 – 20.1) for men with an affected brother. In line with 

other studies, a decrease in risk was seen with increasing age at diagnosis of both the 

case and the affected relative but, unlike other studies, there was a stronger association 

of a family history of prostate cancer in men with advanced compared with localised 

tumours. The stronger association with advanced tumours was observed for men with 

an affected father and men with an affected brother but the differences were not 

significant (p = 0.5 for both comparisons) 

A cohort of 1557 mostly white men aged 40 to 86 years, who were the cancer-free 

control group from a large population-based case-control study, completed the case-

control interview which also constituted the baseline questionnaire for the cohort (84). 

Men were followed for a median of 6.8 years and 101 cases of incident prostate cancer 

were identified. The prevalence of a family history of prostate cancer in fathers or 

brothers of these men was 4.6% and, because the participation rate was relatively high 

(77%), this could be considered as the prevalence for this population. Men who at the 

baseline reported a family history of prostate cancer in a father or brother were 3.2 

times (95% CI 1.8 – 5.7) more likely to develop prostate cancer than men without 

such a family history. The RR was higher for men aged less than 70 years at baseline 

(RR = 4.3; 95% CI 1.9 – 9.7) compared with men 70 years and over (RR=2.4; 95%CI 
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1.0–5.7). The RR associated with having an affected father was higher for the younger 

men (RR = 4.0; 95% CI 1.4 – 11 for men <70 years and RR = 1.2; 95% CI 0.3 – 5.1 

for men 70+ years). Men with affected brothers did not show a difference in RR with 

age (RR = 4.8; 95% CI = 1.5 – 16 and RR = 4.2; 95% CI 1.5 – 12 for the younger and 

older age groups, respectively). Men with affected brothers were at higher risk (RR = 

4.5; 95% CI 2.1 – 9.7) than men whose fathers were affected (RR = 2.3; 95% CI 2.3 – 

5.3), but the difference in these estimates was not significant (p = 0.2). Only minor 

changes to the results were seen when adjustment for age, alcohol and nutrient intake 

was included in the analysis. There was a doubling of risk for men whose mother had 

had breast cancer, and for men with a family history of prostate and breast or ovarian 

cancers the adjusted relative risk was 9.2 (95% CI 3.2 – 27). While cohort studies do 

not suffer from recall bias, detection bias will be an issue if men with a family history 

of prostate cancer undergo screening or seek earlier medical attention for symptoms. 

There was evidence that this could have occurred as a higher proportion of localised 

disease and a slightly younger age at diagnosis was seen in men with a prostate cancer 

family history. A further limitation of this and other cohort studies that rely on 

information collected only at the baseline was that family history was assessed at only 

one point in time but may have changed over the course of the follow-up period.  

The final cohort study discussed in this section is that of Kalish and colleagues (85). It 

was based on 1149 men in the Massachusetts Male Aging Study, a prospective study 

of an age-stratified sample of mainly white men from cities in the Boston area. The 

cohort was recruited between 1987 and 1989 and followed-up between 1995 and 

1997. Fifty-seven cases of prostate cancer were diagnosed during the follow-up 

period. Men with an elevated PSA at follow-up were referred to a urologist for DRE 

and trans-rectal ultrasound guided biopsy. Family history questions were asked again 

at follow-up so that, while family history information was updated, there was a 

possibility of recall bias for the majority of cases. Contrary to expectations, men asked 

about their family history after diagnosis were less likely to report affected relatives. 

The RR of prostate cancer in men reporting a prostate cancer family history was 3.3 

(95% CI 1.8 – 5.9) and, unlike most other studies, there was no effect seen for age at 

diagnosis. 
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Mortality and familial aggregation 

Familial aggregation studies based on prostate incidence will reflect associations with 

disease diagnosis which may not be potentially as serious as associations based on 

mortality because many men diagnosed with prostate cancer will die of other causes. 

In the only study of familial prostate cancer mortality, Rodriguez et al. studied  

481 011 male participants in the Cancer Prevention Study II, a large United States-

wide cohort study begun by the American Cancer Society in 1982 (86). The study 

design enabled data to be collected on other risk factors that could be potential 

modifiers of any association. At enrolment in the cohort, participants completed an 

extensive questionnaire that included information about a family history of cancer. 

Vital status and cause of death for cohort members were determined at the end of 

1991 by personal inquiry and linkage to the United States National Death Index. 

Death certificates were obtained for 97.9% of the men known to have died and 

prostate cancer was confirmed as the cause of death for 1922 men. Three percent of 

the males in the cohort reported a history of prostate cancer in a first-degree relative 

and these men had an increased risk of dying from prostate cancer (RR=1.6; 95% CI 

1.3 – 2.0). The RR of death from prostate cancer did not differ according to whether 

the father or brother was affected. A higher risk was found if two or more relatives 

were affected or if any relative was diagnosed before the age of 65 years. Men with a 

family history of prostate cancer differed on a number of demographic and lifestyle 

variables including having more brothers over the age of 65 years who would be at a 

higher risk of diagnosis. This may partly explain the findings but it has been argued 

that early age at onset and increasing risk with increasing number of affected relatives 

are hallmarks of hereditary or genetic factors associated with disease (2).  

The reconstructed cohort of relatives 

The hospital-based study of Isaacs and colleagues in Johns Hopkins Hospital 

illustrates the blurring of the distinction between case-control and cohort studies (87). 

They investigated the familial association of prostate and other cancers with prostate 

cancer by comparing the occurrence of cancers in first-degree relatives of prostate 

cancer cases and their female companion controls. The subjects were those in the 

case-control study of Steinberg et al. (40) but, as an alternative to the case-control 

analyses, the person-years at risk in the cohort of relatives were calculated up to the 

minimum of current age, age at death, and age at diagnosis of the first primary cancer 
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at any site. Prostate cancer was the only cancer to have a higher relative risk (RR = 

1.8, 95% CI 1.3 – 2.4) in relatives of the cases. No adjustment was made for the data 

dependence within each pedigree and, while this should not bias the results, the 

confidence intervals will be too narrow and non-significant results could appear 

significant. When determining whether there was co-aggregation of prostate cancer 

with other cancers, the data set was supplemented with an additional 75 families with 

multiple cases of prostate cancer. The RR of cancers of the central nervous system 

was elevated in the so-called ‘hereditary prostate cancer’ (HPC) families. These were 

defined as families fitting at least one of the following three criteria: prostate cancer in 

three or more relatives within a nuclear family, three successive generations affected 

in either the paternal or maternal lineage or, two or more relatives affected before the 

age of 65 years. The RR was not increased for any other cancers including breast, 

ovarian or endometrial cancers. Familial aggregation of prostate cancer was found but 

appeared to be site specific and not part of other hereditary cancer syndromes.  

A Dutch population-based study of 704 prostate cancer cases diagnosed between 1996 

and 1999 used a similar design to assess familial aggregation of prostate and other 

cancers (88). Spouses of the cases formed one control group and a second control 

group was the partners of bladder cancer cases from another study. The RR for fathers 

of cases was 2.5 (95% CI 1.7 – 3.6) and for brothers was 3.9 (95% CI 2.4 – 6.4). The 

RR decreased with the age at diagnosis of the proband but changes with the relatives’ 

ages were not reported. Records for 77% of the cancers reported in relatives were 

located in the cancer registries. False-negative reports were assessed by searching the 

cancer registries for all known relatives and under-reporting was found to be low. For 

every 100 cancers reported, approximately 2.5 were omitted. 

Twin studies 

The first report of prostate cancer in co-twins appears to be that of Woolf (48) in the 

early 1960s reviewed earlier in this chapter. He observed that disease discordance in 

twins was more common than disease concordance. A case report of prostate cancer in 

a set of MZ twins appeared some years later (89).  

The Swedish Twin Registry was used to identify prostate cancer concordance in 4840 

male twin pairs (45). Prostate cancers diagnosed between 1959 and 1989 in twins born 

between 1886 and 1925 and still alive in 1961 were identified from the Swedish 
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Cancer Registry. There were 167 prostate cancers in MZ twins and 277 in DZ twins 

with 16 of the MZ twins and 6 of the DZ pairs concordant for the disease. The average 

age at diagnosis of the MZ twins was younger than that for DZ twins and the 

difference in age at diagnosis was somewhat greater for the MZ concordant pairs. 

Under-ascertainment of cancers was possible as the Swedish Cancer Registry only 

covers the period from 1959 and prostate cancers diagnosed in one or both twins prior 

to that date would have been missed. This would most likely have had a greater effect 

on the number of MZ twins concordant for the disease as these tended to be diagnosed 

at an earlier age and the oldest twins were 74 years at the start of the study period.  

The proband-wise concordance estimates the risk of a twin being diagnosed with 

prostate cancer given the co-twin has the disease. The proband-wise concordance was 

about 5-fold higher for MZ than DZ twins (0.20 compared with 0.04, respectively). 

The correlation of liability was also higher in MZ than DZ twins (0.4 versus 0.05, 

respectively). Correlation of liability is calculated by comparing the family rates with 

the general population incidence. For MZ twins this represents the contribution of 

fully shared genes and shared environment while for DZ twins it reflects the shared 

environment and the contribution of sharing only half of the genes.  

Ahlbom et al. (90) updated the results for these twins with cancers diagnosed to the 

end of 1992 and included twins born between 1926 and 1958. The proband-wise 

concordance for MZ and DZ twins born before 1926 did not change. In the younger 

cohort, only 29 prostate cancers had been diagnosed with one pair each of MZ and DZ 

twins concordant for the disease. The proband-wise concordance for MZ twins in the 

younger cohort was the same as for the older cohort (0.2) but for the DZ twins was 

more than doubled (0.1 in the young group compared with 0.04 in the old group). It 

was concluded that there were profound genetic and/or non-genetic familial effects for 

prostate cancer. 

The National Academy of Sciences – National Research Council (NAS-NRC) Twin 

Registry is a register of white male twins born between 1917 and 1927 who served in 

the US armed services during World War II. Concordance for mortality from various 

cancers, including prostate cancer, was investigated using this resource and death 

certificates for deaths between 1946 and 1990 (91). There were 5690 MZ pairs and 

7248 DZ pairs. No twin pairs were concordant for prostate cancer mortality but there 

was a total of 97 prostate cancer deaths in 29 MZ twins and 68 DZ twins.  
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A further study based on the NAS-NRC examined prostate cancer incidence in twins 

(46). The cancers were identified through telephone interviews, Medicare or Veteran 

Affairs hospitalisation records and death certificates. A total of 1009 prostate cancer 

was ascertained. Among MZ twins, 420 prostate cancers were found with 57 pairs 

concordant for the disease. The corresponding figures for DZ twins were 480 cancers 

and 17 disease-concordant pairs. The proband-wise concordance was 0.27 for MZ 

twins and 0.07 for DZ twins; approximately a 4-fold difference. It was estimated that 

57% of the variability in prostate cancer liability was a result of genetic factors but a 

tendency for MZ more than DZ twins to undergo prostate screening could potentially 

influence these results. 

Cancer incidence in twins was compared with population incidence and the proband-

wise concordance estimated by combining data from the Finnish Twin Cohort, the 

Finnish Cancer Registry and the Central Population Register (42). There were 1885 

male MZ twin pairs and 4468 male DZ pairs. Prostate cancers occurred at 

approximately the expected rate in both types of twin but the proband-wise 

concordance was higher in MZ pairs (0.20 compared with 0.06). Multifactorial 

modelling of the relative contributions of genetic and environment factors to 

susceptibility concluded that for twins 31% was due to their shared genes, 10% was 

due to environmental factors shared by twins and the remainder due to environmental 

factors unique to each twin. 

In a study involving twins from Sweden, Denmark and Finland, Lichtenstein and 

colleagues (92) estimated the effect of genetic and environmental factors on a number 

of common cancers, including prostate cancer. Almost 45 000 twins were included but 

it was not stated how many of these were male pairs or how many were MZ or DZ 

twins. Further, the Swedish and Finnish twins from the previously mentioned studies 

were a subset of the subjects in this study. There were 40 MZ twin pairs concordant 

for prostate cancer and 299 discordant pairs. For DZ twins 20 pairs were concordant 

and 584 were discordant for the disease. Proband-wise concordance was 0.21 for MZ 

twins and 0.06 for DZ twins; a 3.5-fold increase. For prostate cancer in twins it was 

estimated that around 42% of the variability in susceptibility was due to their shared 

genes and 58% due to non-shared environmental factors. Environmental factors 

shared by the twins did not make an independent contribution. The authors concluded 

that although inherited factors made only a minor contribution to predisposition to 
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most cancers, they made a relatively large contribution to prostate cancer 

susceptibility.  

Following a critique of the evidence for heritability from twin studies (43), a re-

analysis of this study was published in 2005 (44). The role of genes was reinvestigated 

by modelling genetic inheritance of cancer susceptibility using a number of specified 

inheritance models and allele frequencies. The conclusion in relation to prostate 

cancer remained that genetic susceptibility made only a small to moderate 

contribution to the disease. 

The estimates of concordance in MZ and DZ twin pairs have been remarkably 

consistent across the studies that suggests genetic factors are important for prostate 

cancer susceptibility. Results from these studies seem to indicate that genetic factors 

may play a larger role in prostate cancer susceptibility than in other cancers. 

Summary 

The studies reviewed here provide evidence of a familial risk of prostate cancer in a 

variety of populations with differing prostate cancer incidence rates. Familial risk was 

shown, in a number of these studies, to be dependent on the age at diagnosis and the 

relationship of affected family members; factors that may point to a genetic 

contribution to prostate cancer susceptibility. 

In the absence of identified genes to explain increased familial risk, a number of 

consistent findings from familial aggregation studies give support to a genetic basis 

for familial prostate cancer. None of the arguments alone provides sufficient support 

but taken together provide evidence suggesting that inherited factors are important in 

explaining some of the prostate cancer burden.  

First, the familial risk is greater for first-degree relatives than second-degree relatives 

and decreases with more distant kinship. While having similar environments, closer 

relatives also share a greater proportion of genetic information from common 

ancestors including possible prostate cancer susceptibility mutations.  

The observations that familial risk decreases with increasing age at diagnosis of the 

affected relative or decreases with increasing age of the individual at risk also support 

a genetic basis for prostate cancer. Early disease onset is recognised as a characteristic 

of hereditary cancer syndromes (2) and Knudson’s ‘two-hit’ hypothesis helps explain 
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this phenomenon. Normal cells have two copies of somatic genes. If there is a 

mutation in one of the two copies of a tumour susceptibility gene the other copy can 

maintain sufficient control of the cell cycle. An inherited germ-line mutation in a 

cancer susceptibility gene constitutes the first ‘hit’ and results in only one functional 

copy of the gene. Eventually, a mutation in this copy, the second ‘hit’, results in loss 

of control and malignant transformation (2). The mutation rate is normally low and it 

may take many years to acquire two mutation events, but people with an inherited 

mutation require only one further mutation and this is likely to occur in a shorter time. 

Finally, further support for a genetic basis for prostate cancer susceptibility comes 

from twin studies and the similarity of the familial risks observed in different 

populations and environments. Estimates remain relatively consistent across 

populations with different environmental risk factors raising the possibility that 

environmental factors might less important than inherited factors for this disease. 

The next chapter presents the results of meta-analyses of these studies to amalgamate 

estimates and adjust for the effect of different study designs to determine whether risk 

profiles with age, relationship and number of affected relatives can be defined. 
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Chapter 3 

Meta-analysis of previous studies 

Introduction 

Studies conducted in a variety of settings have led to a general picture of increased 

risk for first-degree relatives that decrease with increasing age at diagnosis of the 

affected relative and the age of the relative at risk. Risk has also been shown to vary 

with the number of affected family members and the type of relationship, being higher 

for brothers than fathers and higher for first-degree relatives than for second-degree 

relatives. The various studies have produced slightly different estimates of the 

strength of the familial association that could be due to differences in study design, 

population differences or chance variation.  

It is important to be able to identify individuals at risk because of a family history of 

the disease and to quantify their risk more precisely so that appropriate advice about 

their risks can be offered to these men and their families (93). Much effort has been 

invested in recent years in the search for prostate cancer susceptibility genes but these 

have so far proved elusive. In the absence of genetic tests for prostate cancer 

susceptibility advice has to be based on familial risks from epidemiological studies. 

The advice may need to vary according to the age of the man seeking information, the 

age of his affected relatives and the incidence of prostate cancer in the general 

community.  

General practitioners are also being encouraged to provide their patients with 

information to enable them to make an informed choice about whether or not to have 

a PSA test. This information should include an assessment of an individual’s risk 

according to his age and family history of prostate cancer (94). Determination of 

summary risk estimates for different classes of risk could simplify the advice given to 

men seeking counselling for themselves or their family members. 

By combining estimates from studies it should be possible to quantify the risk 

associated with a particular type of relationship and a given age group. To date, there 
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have been two meta-analyses (95,96) that have given pooled estimates from studies of 

prostate cancer familial aggregation published before the end of 2002. Results from 

both these reports were similar, but different inclusion criteria were applied to the 

studies. There have also been several new studies of familial risk that have appeared 

since those meta-analyses were published. Neither of the published meta-analyses 

investigated trends in the RRs with the age of either the at-risk or the affected family 

member. Watkins-Bruner et al. (95) reported summary RRs for first-degree relatives, 

second-degree relatives, fathers and brothers and tested the difference between the 

estimates for fathers and brothers. Johns and Houlston (96) reported summary RRs for 

men with affected first-degree relatives, fathers and brothers as well as estimates for 

first-degree relatives above and below the age of 65 years. 

Two types of study design have been utilised: one in which the presence of the disease 

in relatives of an index case is treated as a risk factor for the case (Type I RR) and the 

other in which the presence of disease in the index case is treated as a risk factor for 

his relatives (Type II RR) (326). The Type 1 RR assesses the risk of disease for an 

individual based on their family history of the disease, while the Type II RR assesses 

the disease risk for an individual given the disease status of a selected family member. 

A detailed discussion of this distinction is given in Baglietto et al. (326). Neither of 

the published meta-analyses made a distinction between Type I and Type II RRs but it 

is an important distinction to make when framing advice about disease risk. The risk 

for an unaffected relative may change with his age and the age at which his affected 

relatives were diagnosed. 

The aim of this chapter is to present the results of a meta-analysis of the studies 

published up to March 2004 and to obtain summary estimates of the Type I and Type 

II RR for fathers, brothers, first-degree relatives and uncles. Separate estimates were 

derived for data from case-control and cohort studies. Trends in the familial risk of 

prostate cancer with the age of both the affected and at-risk relatives were explored 

using meta-regression.  

Study identification and data extraction 

Studies were identified by a search of the National Library of Medicine electronic 

database PubMed for articles published between 1966 and March 2004. The search 

terms <‘prostate cancer’ AND ‘famil*’>, <‘prostate cancer AND ‘case-control>, 
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<‘prostate cancer AND ‘cohort> were used to generate lists of articles from which 

relevant studies were selected. The reference lists of the selected studies were checked 

to identify further articles. All the identified articles had also been included in the 

previously published meta-analyses. 

Forty-one reports were found that contained quantitative risk estimates suitable for 

inclusion in the analysis. Details of the twenty-three case-control studies are listed in 

Table 3.1 and the eighteen cohort studies in Table 3.2. Thirteen of the case-control 

studies were hospital based, eight were population-based and one used both hospital 

and community-based controls. There were two hospital-based cohort studies. A 

narrative review of the studies was given in the previous chapter. 

Some studies reported on the risk of prostate cancer for relatives of affected men 

(Type II RR) while others reported on the risk of prostate cancer for men by the 

disease status of his relatives (Type II RR). To investigate these risks separately, RR 

estimates were extracted, by age group, for the affected probands and for the 

unaffected probands with affected relatives. If the RR estimates were not reported for 

different age groups of either type of proband, an age of 70 years was arbitrarily 

assigned as this is approximately the median age at diagnosis with prostate cancer. 

Some of the reports had subjects in common, e.g., when one report superseded an 

earlier one. If separate reports derived from a single study population contained RR 

estimates for the same risk category, the most recently published estimate for that 

category was used. Two analyses were performed to investigate the sensitivity of 

results to the inclusion of data from separate studies of the same population. In the 

first analysis only data from separate populations were used and in the second 

analyses all published results were included. The studies with duplicated information 

are described below with an indication of which estimates were used in the different 

analyses. 

The UPDB has been used on numerous occasions to examine familiality of prostate 

cancer (47-49,97). The most recent report by Goldgar et al. (49) covers the period 

from 1952 to 1992. Estimates from Goldgar et al. were used in the analysis of prostate 

cancer risk for first-degree relatives of cases diagnosed before the age of 60 years. 

Cannon et al. gave estimates of the relative odds of prostate cancer for brothers by the  
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Table 3.1 Details of case-control studies 

Study Case source 
Control 
source 

Family history 
information 

Location 
Recruitment 

period 
Age group Cases Controls 

Andersson (1996) H P FFI Sweden 1989-91 <80 256 252 
Aprikian (1995) H H FFI Canada 1991-93 64 (mean) 902 2066 
Bratt (1999) CR H, P SAQ Sweden 1995-96 44-94 356 712 
Cannon (1982) CR P UPDB USA 1955-? All ages 2824 2824 
Cunningham (2003) H S FFI USA 1993-96 <80 305 116 
Fincham (1990) CR P FFI Canada 1981-83 45+ 382 625 
Ghadirian (1991)§ H P FFI Canada 1988-? 35+ 140 101 
Ghadirian (1997) H P FFI Canada 1989-93 All ages 640 639 
Glover (1998) H H FFI Jamaica 1989-93 40+ 263 263 
Hayes (1995) CR P FFI USA 1986-89 40-79 972 1294 
Ilic (1996) H H FFI Yugoslavia 1990-94 All ages 101 202 
Karakiewicz (2003) Health plan Health plan SAQ Canada 1988-96 43-80 1633 1386 
Keetch (1995) H H FFI/TI USA Not stated 38-87 1084 935 
Krain (1974) H H FFI USA 1971-72 34-90 210 215 
Lesko (1996) CR P FFI USA 1992-94 <70 563 703 
McCahy (1996) H H FFI UK 1990-? 48-90 209 322 
Mettlin (1995) H H SAQ USA 1982-? 35+ 1271 1909 
Norrish (2000) H H FFI New Zealand 1996 40-80 282 453 
Schuman (1977) H H FFI USA Not stated Median = 64 yrs 40 78 
Spitz (1991) H H SAQ USA 1985-89 41-91 378 383 
Steinberg (1990) ‡  H H FFI USA 1982-89 34-76 642 610 
Verhage (2004) CR P SAQ Netherlands 1996-99 <75 2010 1483 
Whittemore (1995) CR H FFI USA, Canada 1987-91 Mean = 70 yrs 1500 1581 
H –  hospital; P –- population; CR – cancer registry; S – spouse; FFI – face-to-face interview; SAQ – self administered questionnaire; TI – telephone interview; UPDB – Utah Population 
Database, ? – end date not specified 
§ subjects are a subset of those in Ghadirian (1997) 
‡ same subjects as in Isaacs (1995)  
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Table 3.2 Details of cohort studies 

Study Cohort type 
Family history 

information 
Location 

Recruitment 
period 

Follow-
up date 

Age group Exposed group Unexposed group 

Bratt (1977) P Pop records & CR Sweden 1958-94 1996 ≤ 50 13,962  Swedish population 
Cannon-Albright (1994) P UPDB USA 1958-92 1992 All ages Not stated Utah population 
Cerhan (1999) P SAQ or TI USA 1987-89 1995 40-86 792 pyrs 8717 pyrs 
Eldon (2003) P CR Iceland 1983-87 1999 All ages Not stated Iceland population 
Goldgar (1994) P UPDB & CR USA 1952-92 1992 <80 3382 399 786 people 
Grönberg (1996) P CR Sweden 1958-90 1990 All ages 126 425 pyrs Swedish population 
Hemminki (1999) P Pop register & CR Sweden 1960-94 1994 All ages 52 840 sons  Swedish population 
Hemmink1 (2002) P Pop register & CR Sweden 1958-98 2001 All ages 185 814 males Swedish population 
Isaacs (1995)* H FFI USA 1982-89 11989 All ages 204 900 pyrs 181 127 pyrs 

Kalish (2000) P FFI USA 1987-89 1995-97 
Mean age at 

entry = 54 yrs 
914.3 pyrs 9095.1 pyrs 

Matikainen (2001) P Pop records & CR Finland 1988-93 1953-97 All ages 299 970 pyrs Finnish population 
Meikle (1982) H  USA 1975 1977 <62 3359 pyrs 3334 pyrs 
Monroe (1995) P  USA 1993 1993 45-74 815 males 6460 males 

Narod (1995) 
PC detection 

program 
Unclear whether 

FFI or SAQ 
Canada 1988-92 1992 50-80 658 males 5732 males 

Rodriguez (1997) † P SAQ USA 1982 1991 All ages 124 266 pyrs 4 063 050 pyrs 
Schuurman (1999) P CR Netherlands 1986 1992 55-69 254 pyrs 8867 pyrs 

Woolf (1960) P 
UPDB & state 

records 
USA 1942-48 1905-58 All ages 228 families 228 families 

* same subjects as in Steinberg (1990); † prostate cancer mortality in relatives of cases 
pyrs – person years; P – population; H – hospital; CR – cancer registry; FFI – face-to-face interview; SAQ – self-administered questionnaire; TI – telephone interview; UPDB – Utah Population 
Database 
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ages of both the brother at risk and the affected index case and these were included 

where relevant. The RR estimate for fathers in the Utah population was calculated 

from raw data contained in a table in Woolf (48) but only included diagnoses made 

for the fathers of men who died from prostate cancer between 1942 and 1958. 

The reports of Isaacs et al. (87) and Steinberg et al. (40) included the same group of 

men undergoing radical prostatectomy for localised cancer but the RRs reported were 

for different groupings of relatives. The analysis of Steinberg et al. was a traditional 

logistic regression analysis of the case-control data to estimate the Type I RR and 

gave the OR for the risk of prostate cancer in the cases with a family history in a 

father, brother, any first-degree relative or any second-degree relative. Isaacs et al. 

analysed the cohort of relatives of cases and spouse controls to estimate the Type II 

RR and reported the SIR for the risk of prostate cancer in first-degree relatives of 

cases compared with first-degree relatives of controls. The RR for first-degree 

relatives of cases in that study population was that given by Isaacs et al. and the 

Steinberg et al. estimates were used for fathers, brothers, any first- or second-degree 

relatives, second-degree relatives only and more than one affected relative. 

The Swedish studies of Grönberg et al. (50) and Hemminki and Vaittinen (53) and 

Hemminki and Czene (55) cover the Swedish population at different time periods. 

Only data from the most recent report by Hemminki and Czene were included in the 

analysis of separate populations. The case-control and cohort studies of Bratt and 

colleagues (56,72) and the case-control study of Andersson et al. (71) were conducted 

in regional areas in Sweden on a subset of the Swedish population; these men will 

also be included in the population studied by Hemminki and Czene but, as the latter 

report did not include a separate estimate for first-degree relatives, the one given in 

Bratt et al. (72) was used in the meta-analysis of separate populations. The estimates 

of Andersson et al. were from an earlier time period and the authors appear to have 

used inappropriate denominators when calculating the ORs for fathers and for 

brothers but they were used nonetheless in the second analysis.  

The first report by Ghadirian et al. (98) was a preliminary report only and contained 

little data. More complete information was available in the later report (99) and the 

estimates from that report were used. 
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All other studies covered different populations from North America, the United 

Kingdom, Europe and New Zealand and included predominantly Caucasian men. The 

review in Chapter 2 noted that the RR estimates were quite consistent across 

populations with different prostate cancer incidence and different ethnic groups. 

Whittemore et al. (75) included Caucasian, African-American and Asian men from 

North America and Hawaii. Glover et al. (66) studied Jamaican men. The estimates 

used thus cover populations with different prostate cancer incidence rates and 

different rates of prostate cancer screening.  

Statistical methods 

Data on the RR of prostate cancer associated with various categorisations of family 

history were extracted from the reports as the RR or OR with the associated 95% 

confidence intervals. Studies that did not specify clearly which affected relatives were 

included in their definition of a ‘family history’ of prostate cancer were included in 

the analyses for affected first-degree relatives (60,78). Adjusted risk estimates were 

used, in preference to crude or unadjusted risks, if these were available. If the 

appropriate summary estimate was not reported, but data were available from tables in 

the report, crude estimates were calculated. Confidence intervals for estimates 

calculated from tabulated data from case-control studies were calculated using 

Woolf’s method (38). Confidence intervals for estimates calculated from tabulated 

data from cohort studies assumed a Poisson distribution for the observed number of 

cases. If confidence intervals were not given but the results were reported as 

significant, the lower limit was assumed to be 1.0 (93) and the variance of the log of 

the RR estimate was calculated using: 

 

For the purpose of the meta-analysis presented here, the ORs from the case-control 

studies and the RRs from the cohort studies were considered to represent the RR of 

prostate cancer associated with a family history of the disease. 

Analyses were performed in Stata using the meta command which calculates 

summary estimates using generalised inverse-variance weighting. The summary 
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estimates obtained are thus a weighted average of the logarithm of the individual 

study estimates with the weights equal to the reciprocal of the study variances. The 

meta command requires an estimate of the effect and its standard error for each study 

and produces estimates based on both fixed and random effects models.  

The fixed effects model assumes there is a single ‘true’ effect that applies in all 

populations and that variation between study estimates is due to random error in 

determining this effect. The fixed effects model takes account of only the between-

study variation and uses weights that are inversely proportional to the variance of the 

study estimates. The random effects model assumes that the ‘true’ effect varies 

between study populations and that error in the estimate has two components: one 

from the imprecision in measuring the effect in a particular population and the other 

from general random measurement error. The random effects model adjusts these 

weights to take into account both the within- and the between-study variation. If there 

is minimal between-study variation the fixed effects model is preferred but when there 

is considerable heterogeneity between study estimates the random effects model may 

be a better choice as it allows for inter-study variability and is generally more 

conservative. 

Heterogeneity in estimates of familial risk could be the result of differences in study 

populations or participants, differences in the definitions of a case and different age 

ranges for study participants. Heterogeneity was assessed using the Peto method 

(100). For the sake of consistency, the summary estimates from the meta-analyses 

presented here were from the random effects model because there was evidence of 

heterogeneity in some, but not all, of the analyses.  

Some of the variability in risk estimates from different studies could be due to study 

design and subject selection differences. For example, the potential for recall bias in 

case-control studies may result in different estimates being obtained from case-control 

and cohort studies. The technique of meta-regression enables the size of the effect to 

be related to characteristics of the studies involved (101). To reduce the possible 

effect of study heterogeneity, and to determine whether there were systematic 

differences in the results obtained from case-control and cohort studies, a term for 

study type was included in a meta-regression of the published estimates. 
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Meta-regression was also used to investigate trends in Type I and Type II RR by the 

age of the affected proband and the age of the at-risk relative. Type I and Type II RRs 

for different age groups were extracted from all reports containing relevant 

information. The mid-point of each age range reported was used as the continuous age 

term in the meta-regression. From studies that gave the risk according to either the age 

at diagnosis of the proband or the age of the relative at risk but not both, the mid-point 

of the total age range of the subjects was used. If no age range was specified for the 

subjects, the age was arbitrarily set at 70 years. Independent variables included in the 

regression were study type (case-control), age of the affected proband and age of the 

at-risk relative. 

All meta-regression analyses were performed using the command metareg in Stata. 

This command assumes that the studies included are independent but when a series of 

estimates from a single study reporting RRs over a range of age groups are used in 

one analysis this assumption will be violated. Ignoring the lack of independence will 

not affect the magnitude of the estimates but will result in confidence intervals for the 

meta-regression coefficients that are too narrow.  

Bootstrap estimation involves resampling points from the original data set and fitting 

the model to the resampled data. Repeated resampling and fitting leads to slightly 

different estimates for the coefficients and confidence intervals that are assumed to 

come from their sampling distributions. The coefficient estimates and their standard 

errors are selected as the median of the values obtained after multiple replications. 

The standard errors for the coefficients were obtained using bootstrap estimation 

based on repeated random sampling of one data point from 15 of the 17 studies 

included in this analysis. The inclusion of just one randomly selected data point from 

a study will avoid the problem of lack of independence of estimates from a single 

study while still allowing the effect of the age covariates to be included. Data points 

for randomly selected ages of the affected and at-risk relatives will be included in 

each replicate. Omitting two studies from each replicate will mean that studies having 

a large or small effect on the overall estimates will be excluded from some of the 

replications. 

A total of 1000 replicates of the random resampling described above were selected to 

obtain the bootstrap standard errors for the parameters in the model using the 
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command bs “metareg logrrr [independent variable list], wsse(studyse)” “_b[var1] 

_b[var2] etc”, reps(1000) cluster(studyid) size(15) saving(filename) replace. The 

variables included in the independent variable list were those in the current model 

being tested. logrrr was the log of the estimate reported in the particular study and 

studyse was its reported standard error.  

Results 

The pooled estimates from the analyses based on separate populations and on all 

studies are given in Table 3.3. The separate estimates based on data from case-control 

studies and from cohort studies are also included for each type of analysis. 

Data were available from 20 reports for estimating the risk of prostate cancer 

associated with having an affected father. There were 13 case-control studies 

(39,40,48,63,64,68,71-75,99,102) and seven cohort studies (55,80,82-84,86,88). The 

pooled estimate based on all reports and that based on the separate populations 

differed only in the second decimal place (Table 3.3) despite the data from two studies 

(71,72) being excluded from the latter analysis. The case-control study estimates from 

each analysis were similar to each other and the cohort studies estimates were 

identical as the same data were used in both analyses. The case-control estimates from 

both analyses were higher than the cohort study estimates but not significantly so 

(p=0.06). All pooled estimates were significantly elevated. 

There were 23 reports with data for prostate cancer risk associated with having an 

affected brother. These included data from 21 separate populations; 14 were case-

control studies (39,40,47,48,63,64,68,71-75,99,102) and nine cohort studies 

(55,70,80,82-86,88). All pooled estimates were in excess of 3.0 and, as was seen for 

fathers, the case-control estimates were higher than the cohort estimates but the 

difference between the two study types was not significant (p = 0.69). The pooled 

estimate from all reports was similar to the estimate based on separate population 

data. 

Data on the risk of prostate cancer in men with affected first-degree relatives was 

obtained from 30 studies; 17 were case-control studies (39,40,48,63,64,66,67,71-

77,79,99,102) and 13 were cohort studies (49,50,53,55-57,59,82-84,86,88,97). 

Because of the generally late age at diagnosis of prostate cancer and the recency of the  
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Table 3.3 Pooled estimate (number of studies) and 95% confidence intervals from analysis of studies on separate populations and all 
studies by study type 

 Separate populations All studies 

Affected relative All included studies Case-control studies Cohort studies All included studies Case-control studies Cohort studies 

2.18 (18) 2.47 (11) 1.87 (7) 2.19 (20) 2.45 (13) 1.87 (7) 
Father 

(1.90 – 2.51) (2.11 – 2.90) (1.47 – 2.38) (1.92 – 2.49) (2.12 – 2.83) (1.47 – 2.38) 

3.03 (21) 3.12 (12) 3.02 (9) 3.07 (23) 3.18 (14) 3.02 (9) Brother 
(2.58 – 3.57) (2.61 – 3.72) (2.18 – 4.18) (2.63 – 3.58) (2.68 – 3.76) (2.18 – 4.18) 

2.31 (24) 2.59 (15) 2.10 (9) 2.22 (30) 2.63 (17) 1.92 (13) 1st degree relative 
(2.10 – 2.55) (2.33 – 3.00) (1.84 – 2.39) (2.01 – 2.45) (2.30 – 3.01) 1.69 – 2.19) 

5.13 (6) 3.92 (5) 9.44 (1) 5.13 (6) 3.92 (5) 9.44 (1) >1 first-degree 
(3.19 – 8.24) (2.62 – 5.87) (5.76 – 14.03) (3.19 – 8.24) (2.62 – 5.87) (5.76 – 14.03) 

2.44 (10) 2.37 (9) 3.29 (1) 2.44 (10) 2.37 (9) 3.29 (1) 1st or 2nd degree 
relative (1.92 – 3.10) (1.84 – 3.05) (1.82 – 5.94) (1.92 – 3.10) (1.84 – 3.05) (1.82 – 5.94) 

1.67 (7) 1.72 (6) 1.24 (1) 1.67 (7) 1.72 (6) 1.24 (1) 2nd degree relative 
only (1.18 – 2.36) (1.16 – 2.55) (0.27 – 5.59) (1.18 – 2.36) (1.16 – 2.55) (0.27 – 5.59) 

2.91 (13) 3.89 (5) 2.77 (8) 2.84 (17) 3.93 (7) 2.58 (10) Case <70 years at 
diagnosis (2.58 – 3.28) (2.91 – 5.20) (2.48 – 3.09) (2.45 – 3.27) (3.03 – 5.11) (2.21 – 3.00) 

1.82 (13) 1.87 (5) 1.79 (8) 1.87 (16) 2.01 (7) 1.82 (9) Case ≥ 70 years at 
diagnosis (1.52 – 2.18) (1.39 – 2.52) (1.42 – 2.27) (1.63 – 2.14) (2.55 – 7.40) (1.53 – 2.15) 

2.55 (6) 4.00 (1) 2.31 (5) 2.45 (8) 4.17 (2) 2.19 (6) Relative diagnosed at 
< 70 years  (1.98 – 3.41) (2.18 – 7.34) (1.77 – 3.01) (1.89 – 3.18) (2.35 – 7.40) (1.74 – 2.76) 

1.57 (6) 0.78 (1) 1.70 (5) 1.62 (7) 1.31 (2) 1.70 (5) Relative diagnosed at 
≥ 70 years  (1.18 – 2.10) (0.39 – 1.58) (1.29 – 2.25) (1.24 – 2.12) (0.46 – 3.75) (1.29 – 2.25) 
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studies identified, most estimates for first-degree relatives were based on cancers in 

fathers and brothers and, except for the Swedish studies, did not include the Type I RR 

associated with having an affected son. The RR was elevated in both sets of analyses 

and was higher for the case-control studies than the cohort studies but the difference 

was not significant (p = 0.14). 

Six reports had data for the risk of prostate cancer when more than one first-degree 

relative was affected; five were from case-control studies (39,73-75,99) and the only 

cohort study was Hemminki and Czene (55). It was not possible to extract the data 

according to the actual number of affected relatives as this was seldom specified. 

None of the six reports had overlapping subjects so the analysis based on all reports 

was identical to that based on all populations. The pooled estimates for this analysis 

were higher than the estimates from analyses of RRs for any affected first-degree 

relative, brother or father.  

The analyses for any affected first- or second-degree relative were based on ten reports 

(nine case-control studies (40,60,61,63,66-68,75,78) and one cohort study (85)). There 

was no overlap of subjects between any of the reports. All pooled estimates were 

significantly elevated and were generally higher than the estimates obtained from 

reports in which only first-degree relatives were included. The estimate from the 

single cohort study was higher than the combined estimate from the case-control 

studies. 

Seven reports from seven separate populations contained data on the RR of prostate 

cancer when only a second-degree relative was affected. There were six case-control 

studies (40,63,66-68,75) and one cohort study (82). Pooled estimates were lower than 

those obtained for any type of affected first-degree relative and, except for the single 

cohort study, all were significant. 

Eighteen reports, from 14 separate populations, contained data relating to the Type I 

RR of prostate cancer for men aged less than 70 years who had at least one affected 

relative; seven were from case-control studies (39,47,71-75) and eleven from cohort 

studies (50,55-57,59,70,83-86,88). The increase in RR was almost 3-fold for estimates 

from the analysis based on all studies and from separate populations. The pooled 

estimate from the case-control studies was closer to a 4-fold increase. All these 

studies, except the cohort study of Bratt et al. (56), also had data for the RR of prostate 
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cancer for men age 70 years or more with at least one affected relative. The RR for 

these older relatives was lower than for the relatives of early-onset cases but was still 

significant for all pooled estimates. Case-control study-based estimates were higher 

than the cohort study based ones (p = 0.04). 

The final assessments of RR in this section were the Type II RR according to the age 

of the relatives at risk. For this analysis, there was information for relatives aged less 

than 70 years from six studies (49,50,56,73,83,86) and, for relatives 70 years and over, 

from six studies (49,50,70,73,83,86,103). The only case control study was that of 

Lesko et al. (73). The cohort study of Bratt et al. (56) had data for young, but not old, 

relatives, and Meikle and Stanish (70) had data only for older relatives. The estimated 

RR was higher for men whose affected relative was aged less than 70 years at 

diagnosis than for those whose relatives were over 70 at diagnosis. The estimate from 

the single case-control study for the older relatives was not significantly elevated. 

Trends by age of the case and the affected relative 

Nineteen studies reported RRs by the age at diagnosis of the affected family member, 

the age of the relative at risk or by both ages (39,47,49,50,55-57,59,70-75,83-86,88). 

Eleven were cohort studies (47,49,50,55-57,59,83-86). Estimates of the Type I RR for 

prostate cancer risk by the age group at diagnosis of the case were obtained from 

seven studies (39,57,59,71-74). Type II RR estimates by the age group of the affected 

relative were given in four studies (56,70,84,85). Six studies gave RR estimates by 

both the age of the proband and the age of the relative (47,49,50,55,83,86).  

Terms for study type (case-control or cohort) and each age variable were included as 

linear predictors in the meta-regression. All were significant predictors of prostate 

cancer risk as assessed by Wald tests. The meta-regression output gave coefficients, 

standard errors, p-values and confidence intervals but did not include likelihood values 

that would have assisted with goodness-of-fit tests and selection of the most 

appropriate model. Square root, natural logarithm and power transformations, up to 

cubic, of the age terms were also modelled but did not appear to improve the 

goodness-of-fit as assessed by the relative standard errors of the coefficients. The 

simplest model with linear age terms was chosen. Results from this model are shown 

in Table 3.4 with the naїve standard errors obtained directly from the metareg 
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command ignoring the data dependencies and the standard errors for the bootstrap 

estimates. 

 

Table 3.4 Meta-regression estimates for the age of affected case at diagnosis and 
the age of affected relative with naïve and bootstrap standard errors 

  Standard Errors 

Predictor Coefficient# Naїve Bootstrap 

Age at diagnosis (per year) -.015063 .002860 0.003262 

Age at risk (per year) -.023412 .003189 0.0046716 

Study type (cohort study) -.327837 .084220 0.1080863 

 

Bootstrap and naїve models gave identical parameter estimates but the standard errors 

were larger for the bootstrap estimates. With both estimation methods, the age of the 

proband and the age of the relative were significant predictors of the RR of prostate 

cancer. The coefficients for the age terms represent the change in the logarithm of the 

RR with a unit increase in year of age. Both terms are negative indicating that RR 

decreases with increases in both ages. The RR of prostate cancer decreased more 

rapidly with the age of the relative at risk than it did with the age at diagnosis of the 

affected relative. Cohort studies gave significantly lower estimates than case control 

studies. 

To aid with the interpretation of the modelling results, the RR of prostate cancer has 

been calculated for a range of ages of the affected proband and the at-risk relative 

(Table 3.5). These calculations have been based on the Type II RR estimates only. 

 

                                                 

# ln(RR) where RR is risk of prostate cancer for men with a family history of the disease. 



 

77 

Table 3.5 Modelled RR of prostate cancer by the age of the affected proband and 
the age of the affected relative 

Age at diagnosis of relative with prostate cancer (Type II risk) At-risk age 
(Type I risk) 40 45 50 55 60 65 70 75 80 

40 8.46 7.84 7.27 6.75 6.26 5.80 5.38 4.99 4.63 

45 7.52 6.98 6.47 6.00 5.57 5.16 4.79 4.44 4.12 

50 6.69 6.21 5.76 5.34 4.95 4.59 4.26 3.95 3.66 

55 5.95 5.52 5.12 4.75 4.40 4.08 3.79 3.51 3.26 

60 5.30 4.91 4.55 4.22 3.92 3.63 3.37 3.13 2.90 

65 4.71 4.37 4.05 3.76 3.49 3.23 3.00 2.78 2.58 

70 4.19 3.89 3.60 3.34 3.10 2.88 2.67 2.47 2.29 

75 3.73 3.46 3.21 2.97 2.76 2.56 2.37 2.20 2.04 

80 3.32 3.07 2.85 2.64 2.45 2.28 2.11 1.96 1.81 

85 2.95 2.74 2.54 2.35 2.18 2.02 1.88 1.74 1.61 

 

It can be seen from Table 3.5 that a 40-year old man with a relative diagnosed with 

prostate cancer at the age of 50 has a risk over 7 times that of a man without an 

affected relative. If he remains free of prostate cancer to age 85, his risk is still 2.54 

times that of a man with unaffected relatives. A 40 year-old man with a relative 

diagnosed at age 80 years has a risk of prostate cancer 4.63 times that of a man 

without a family history of the disease. Even an 85 year-old man with a relative 

diagnosed at the age of 80 has a 1.61-fold increase in his risk of prostate cancer with a 

95% CI for that estimate of 1.15–2.26. Thus, the RRs diminish with both the age at 

which a relative is diagnosed and the age of the family member at risk, but the RR 

remains significantly elevated even at quite advanced ages. 

Summary of the relative risk estimates 

The RR of prostate cancer was significantly elevated in men with a family history of 

the disease. Men with an affected brother had around a three-fold increase in risk and 

this was higher than the RR associated with having an affected father. If more than 

one first-degree relative had been diagnosed, the RR of prostate cancer for unaffected 

family members was even higher. Younger relatives of men diagnosed before the age 

of 70 years were at greater risk than the older relatives of these men and the relatives 

of late-onset cases. The pattern of prostate cancer RR for men from affected families 
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was thus highest for men from families with multiple cases or men with early-onset 

disease. The increased RR extended to second-degree relatives of affected men, but 

men with only second-degree relatives affected were at lower RR than men with first-

degree relatives. Trends with age for men with affected second-degree relatives could 

not be estimated because few studies reported risk by age for this group. 

The pooled estimates from case-control studies were higher than those from cohort 

studies and the difference between the estimates from the two study types was 

significant. Recall bias in the case-control studies is likely to account for some of the 

increase in RR observed for case-control studies. In addition, three of the cohort 

studies collected family history information only at the baseline (83,84,86). Subjects 

with relatives diagnosed during the follow-up period would be misclassified as not 

having a family history and, if there is a real risk association, this misclassification 

will lead to under-estimation of the RRs. The overall contribution of these three 

studies is likely to be small and certainly not as large as the recall bias in case-control 

studies. The cohort studies using the data from cancer registries and linked population 

databases that allow the family relationships to be identified will not be able to collect 

information for relatives who have moved from the areas covered by the cancer 

registries and may miss diagnoses in some relatives. The migration of relatives is 

unlikely to be related to prostate cancer diagnosis so should not have a significant 

effect on the resulting familial risk estimates.  

A closer examination of the trends in RR with age for first-degree relatives, using 

meta-analysis, revealed a decrease in the RR of prostate cancer with increasing age at 

diagnosis of the affected family member and the age of the relative at risk. The effects 

of different transformations of the age variables were difficult to assess from the 

available output so the simplest model with linear age terms was chosen. All the 

transformations used gave a similar pattern of results of decreasing RR with both age 

terms. The estimates differed in magnitude and in the rates of the decreases with age. 

The negative coefficient for the term involving the age of the relative at risk was of 

greater magnitude than that for the age at diagnosis of the affected family member 

indicating a more rapid decline in RR with the age of the unaffected relative. Even at 

age 85 years, the RR of prostate cancer was still significantly elevated for a man with 

a relative diagnosed at age 80. 
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Some explanations for the results  

Family history is a well-accepted risk factor for prostate cancer but the published RRs 

have covered a broad range of values and not all have been significantly elevated. The 

main purpose of the meta-analysis was to obtain summary estimates from all studies 

reporting quantitative RRs for the association between a family history and the risk of 

the prostate cancer. Combining the published results to obtain summary RR estimates 

for different categorisations of family history may help clarify the relative effect sizes 

for these different categories. All studies had been published in peer-reviewed journals 

and provided estimates of either Type I or Type II RR for prostate cancer that could be 

used by clinicians or the wider population to assess prostate cancer risk for particular 

individuals. 

Some familial aggregation may be explained by the relatives of cases seeking prostate 

cancer testing and thus being diagnosed. Alternatively, or in addition, recall bias may 

play a role in increasing the estimates from case-control studies. Cases might be more 

aware of their family history of prostate cancer than unaffected men because they seek 

or are given this information once they themselves have been diagnosed. The 

disentanglement of antecedent cause and effect will always present difficulties for 

familial aggregation studies even those in which the relatives’ diagnoses are obtained 

from disease registers rather than by personal recall. 

The influence of PSA testing on familial risk 

Autopsy studies from a range of countries have shown that the prevalence of 

histological prostate cancer in men over 50 is between 15% and 30%. These 

proportions rise to around 60% to 70% for 80 year-old men (5). Prior to the 

availability of PSA testing as a method of detecting prostate cancer, these tumours 

often remained occult or asymptomatic, but widespread PSA testing in Australia has 

changed this. Prostate cancer is now diagnosed at an earlier age and less advanced 

stage than in previous decades (6).  

PSA testing has presented a new challenge for the characterisation of familial prostate 

cancer and the role of family history in prompting the testing of unaffected family 

members is only now beginning to be examined (32,33,104,105). If there is a 

relationship between the diagnosis of prostate cancer and PSA testing in the relatives 
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of affected men, the apparent association between a family history of prostate cancer 

and the risk of the disease will be increased. 

The majority of the studies included in this meta-analysis were conducted prior to the 

widespread use of PSA testing for prostate cancer diagnosis and we do not yet know 

whether this has changed the association between family history and prostate cancer 

risk. Analyses in this thesis will investigate the possible effects of PSA testing on the 

familial risk estimates. 

Some authors have argued that PSA testing has led to over-diagnosis of prostate 

cancer and diagnosis of possibly insignificant disease (7,8,10). An increase in 

insignificant disease, especially among relatives, could change what it means to have a 

family history of prostate cancer. A family history of non-aggressive or insignificant 

prostate cancer would have different implications for men seeking PSA testing as 

diagnosis could lead to unnecessary treatment and the risk of undesirable side-effects 

of that treatment. 

Summary  

Studies of prostate cancer in families have provided strong evidence for familial 

aggregation of the disease that it is characterised by a higher risk in relatives of early-

onset cases, higher risk for men with multiple affected relatives and higher risk for 

closer blood relatives of affected men.  

For cancers in which susceptibility genes have been shown to increase risk, early 

disease onset is a common characteristic in families carrying the susceptibility 

mutations. A germline mutation conferring increased predisposition to a disease means 

there is only one allele available to control correct cell functioning. Damage to the 

remaining normal allele leaves the individual more vulnerable to malignancy. 

Although no susceptibility genes have yet been identified for prostate cancer, the 

higher RR in families with early-onset cases and the strong familial aggregation that 

appears to extend to second-degree relatives suggests that research into a genetic basis 

for some prostate cancers is warranted. 

From results of familial aggregation studies, characteristics of families with 

particularly high risk of prostate cancer have been defined. A generally agreed 

definition of high-risk families, known as the Hopkins criteria has been proposed 

(106). These are families having 1) cases in three or more first-degree relatives, 2) 
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males affected in three successive generations either on the maternal or paternal side 

or 3) two or more males diagnosed before the age of 55 years. The underlying cause of 

prostate cancer in these families was suspected to be genetic but the precise nature of 

the susceptibility genes has not been established.  

Data from Table 3.5 could be used in a clinical setting as a basis for counselling men 

with a family history of prostate cancer but, as the initial estimates were from studies 

conducted prior to the widespread uptake of PSA-testing, the results will not reflect 

changes in risk that might have occurred as a result of increased testing of men with 

affected relatives. The general pattern of higher risk for young men with relatives 

diagnosed at an early age is unlikely to be affected by PSA-testing and the data could 

be used to inform guidelines about which men are at highest risk. 

The main thrust of the next few chapters will be to explore the familial aggregation of 

prostate cancer among men participating in a case-control study in Australia 

conducted during a period of increasing incidence prostate cancer. The effect PSA 

testing may have had on the estimates of familial risk will also be investigated. 
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Chapter 4 

The case-control family study rationale and recruitment and 
analytical methods 

Background 

Case-control study 

The data used in this thesis were obtained as part of the Australian Prostate Study, a 

case-control study of risk factors for prostate cancer conducted in three Australian 

cities between April 1994 and December 1998. The study was a collaboration between 

investigators based in Melbourne, Sydney and Perth and was funded by a grant from 

the National Health and Medical Research Council of Australia (Grant number 

940394). Supplementary funding was obtained from Tattersall’s and the Whitten 

Foundation. Ethics approval for the study was obtained from the institutional ethics 

committees of the Anti-Cancer Council of Victoria, The Cancer Council of New South 

Wales, The University of Western Australia and public hospitals in each of the three 

cities. More than thirty separate applications were made to ethics committees prior to 

the commencement of the study.  

The case-control study was conducted with the principal aim of identifying the extent 

to which prostate cancer incidence, before age 70, might be reduced by modifying 

diet. It was hypothesised that the RR of prostate cancer was increased for men with a 

family history of prostate cancer. An important supplementary hypothesis was that the 

risk of prostate cancer before age 60 was increased for men with a family history of 

the disease.  

Based on the 1992 Australian prostate cancer incidence rates for men in the study age 

groups and assuming a 70% response rate, it was anticipated that around 2300 eligible 

cases would be recruited during the study; controls would be frequency matched 1:1 

with cases. Power and sample size calculations for testing the hypothesis relating to 

the risk of prostate cancer associated with a family history of the disease were based 

on the assumption that approximately 5% of controls would report a father with 
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prostate cancer. A study of 4300 men would have sufficient power to detect an OR of 

at least 1.5 if the prevalence of family history in the controls was at least 5%. If the 

prevalence of ‘family history’ was 12% an OR of 1.3 could be detected. 

Sampling frame 

Permission to use the Electoral Roll as the sampling frame for controls was obtained 

from the Electoral Commissioners of Victoria, New South Wales and Western 

Australia; electoral enrolment is compulsory for all Australian citizens over the 

statutory voting age of 18 years. Over the period of the study, the proportion of the 

total population enrolled was 83.3% (85.2% in NSW, 85.5% in Victoria and 82.5% in 

WA)§. 

Additions to the Electoral Roll occur frequently as new voters become eligible and 

register and deceased voters are removed from the lists. Electronic versions of the 

Electoral Rolls in each state were obtained on an annual basis during the study period. 

In New South Wales and Western Australia, full names, addresses and dates of birth 

were available for all men aged between 40 and 80 years registered to vote in those 

states. In Victoria, for the first year of the study, full names and addresses were 

available for men in ten-year age groupings (40–49 years, 50–59 years and 60–69 

years) but exact date of birth was unknown. From the second year of the study, dates 

of birth were available for each state.  

Initially, the study recruited men aged less than 75 years, but because of the increases 

in the incidence of prostate cancer in the early 1990s, the number of eligible cases was 

greater than expected. The upper age limit for eligibility was decreased to men aged 

less than 70 years as it was believed that risk factors in men diagnosed at an earlier age 

may exert a stronger effect and be more readily identified. The men aged between 70 

and 74 years who were identified and interviewed prior to this decision were excluded 

from the analyses. 

                                                 

§ Estimated from the Australian Electoral Commission (AEC) report, ABS population data and personal 

communication with the AEC. 
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Participants 

Cases 

Eligible cases were men aged less than 70 years who were diagnosed with a 

histopathology-confirmed first primary invasive adenocarcinoma of the prostate 

(International Classification of Diseases 9th Revision rubric 185) between 1 April 1994 

and 31 December 1998. Men with tumours that were defined as low-grade tumours, 

i.e. those with Gleason scores less than 5, were excluded. Cases had to be resident in 

the metropolitan areas of Melbourne, Sydney or Perth and registered on the Electoral 

Roll. They were identified through notifications to the population-based cancer 

registries in the three States. The cases were checked against the Electoral Roll to 

ensure that each was a registered voter and hence part of the sampling frame. All 

participants had to be sufficiently fluent in English to complete a face-to-face 

interview and a self-administered questionnaire of urinary symptoms and sexual 

activity. 

Between 1992, when sample sizes were calculated, and 1994 prostate cancer incidence 

rates increased sharply resulting in a greater than expected number of eligible cases. 

To handle the increased numbers, it became necessary to sample cases from the older 

age groups. All men aged less than 60 years were invited to participate. Initially, 

random samples of 50% of cases aged 60-64 and 25% of cases aged 65-69 were 

selected but these proportions were increased over the course of the study as the 

prostate cancer incidence rates decreased. 

Controls 

Eligible controls were identified from the Electoral Roll as men resident in the 

metropolitan areas of Melbourne, Sydney or Perth who were aged between 40 and 69 

years. Names of potential controls were selected at random from the Electoral Roll 

according to the expected age distribution of cases plus a margin to allow for 

approximately 50% non-response. The controls were checked against cancer registry 

records to exclude men with an existing diagnosis of prostate cancer. Men with BPH 

were not excluded as these men were still at risk of developing prostate cancer. The 

final case-control ratio was 1:1. In this thesis, the term ‘proband’ is used to indicate 

the case or control participant. 
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Recruitment 

A flow chart of the approach to probands is shown in Figure 4.1. Copies of all letters 

and forms are given in Appendix A†. Notifications to the cancer registry usually 

include the name of the treating physician. Prior to the commencement of recruitment, 

urologists in each city were informed about the study and advised that their permission 

would be sought to allow an interviewer to contact their eligible patients. When a case 

was identified from the cancer registry, a letter was sent to the treating urologist 

asking them to allow an interviewer to contact their patient. The urologists indicated 

their consent by completing a standard form that also sought information about the 

stage of the cancer at diagnosis (see Appendix A).  

All cases for whom the urologist had approved contact and all controls were 

approached by letter (Appendix A) inviting them to indicate their willingness to 

participate in the study by completing a standard form and returning it in a reply-paid 

envelope. For men not replying within three weeks, attempts were made to contact 

them by telephone. If telephone numbers were not available, a second letter was sent. 

Those who could not be contacted by phone or who did not reply to either of the 

letters were counted as refusals. Table 4.1 gives the breakdown of the responses for 

eligible cases and controls. 

A total of 15.6% of cases could not be approached because the treating doctor could 

not be identified or did not give permission to allow contact with the case. Controls 

were more likely to refuse to participate or unable to speak sufficient English to 

complete the interview. Some urologists refused contact with their patients whose 

English was thought to be inadequate for participation. 

 

                                                 

† Letters and forms shown in Appendix A were for Melbourne participants. Similar letters and forms 

were used with local modifications in the other study centres. 
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Figure 4.1 Flow chart for recruitment of cases and controls 

CONTROLS CASES 
Name selected from 

Electoral Roll 
Case notified to the 

cancer registry 

Name on 
Electoral Roll Checked against cancer 

registry for previous 
prostate cancer 

Urologist 
approached for 
permission to 
contact patient 

Invitation letter sent with 
pamphlet, reply form and reply 

paid envelope 

No further 
action Refused No reply within 2 weeks

Interviewer telephoned or second 
letter sent if phone number 

unavailable

Agreed to participate 

Lifetime Calendar and Family History 
Questionnaire sent prior to interview 

Face-to-face interview 
Check Lifetime Calendar and Family History Questionnaire  

Main Risk Factor and Food Frequency Questionnaires 
administered 

ALL PARTICIPANTS 

Previous prostate 
cancer – select 

replacement 
control 

No previous prostate 
cancer 



 

88 

Table 4.1 Breakdown of responses (%) for eligible men approached for the case-
controls study 

Response Cases Controls Total 

Selected as eligible 2317 3114 5341 

No urologist identified 93 (4.0) – 93 

Urologist refused permission 269 (11.6) – 269 

Participant refused 295 (12.7) 938 (30.1) 1233 (23.1) 

No response from participant (assumed refusal) 31 (1.3) 186 (6.0) 217 (4.1) 

Moved from address 35 (1.5) 263 (8.4) 298 (5.6) 

Too ill or died 47 (2.0) 42 (1.3) 89 (1.7) 

Poor English 22 (<1) 227 (7.2) 249 (4.7) 

Agreed but not interviewed before study ended 7 (<1) 19 (<1) 26 (<1) 

Not contacted before study ended 8 (<1) – 8 (<1) 

Interviewed 1510 (65.2) 1439 (46.2) 2949 (55.2) 

NSW interviews lost in post 15 (<1) 16 (<1) 31 (<1) 

Family information available 1475 (63.7) 1407 (45.2) 2882 (54.0) 

 

A higher proportion of controls had moved from their given address. Out-of-date 

addresses for cases were generally updated by the urologist’s office, so that case 

addresses were more current than those on the Electoral Roll which has major 

revisions only prior to a general election. Similar proportions of eligible cases and 

controls were either not interviewed or contacted before the study ended when the 

employment contracts of the interviewers finished. 

Overall, 55.2% (65.2% cases; 46.2% controls) of eligible men were interviewed. 

Thirty-one interviews from NSW were lost in transit between Sydney and the 

Melbourne coordinating office. Thus information for the case-control study was 

available from 54.5% of eligible participants. Information was available from 1475 

(63.7%) cases and 1407 (45.2%) controls pertaining to their relatives and family 

history of cancer.  

If the controls who had moved from the address on the Electoral Roll were counted as 

ineligible, the response rate in controls increased to 50.5% interviewed and 49.4% 

with family information. 

Response rates in cases decreased with increasing age but for controls there was no 

evidence of an age trend in response. Victoria had the lowest response rate for both 

cases and controls and New South Wales the highest (Table 4.2).  
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Table 4.2 Response rates by age and by state of recruitment 

 Cases Controls Total 

Age 
group 

Interviews Eligible % Interviews Eligible % Interviews Eligible % 

<55 246 343 72 249 540 46 495 883 56 

55-59 424 618 69 186 557 51 701 1175 60 

60-64 371 293 63 124 908 47 795 1501 53 

65-69 469 772 61 480 1109 43 949 1881 51 

State of residence       

NSW 458 608 75 375 646 58 833 1254 66 

Vic 798 1553 59 804 1940 41 1602 3293 49 

WA 254 365 70 260 528 49 514 893 58 

 

Interviews and questionnaires  

Interviews 

All interviewers were trained in Melbourne prior to the commencement of the study. 

The training emphasised the importance of adhering to the structured questionnaire 

and not rewording any question to ensure that, as far as is possible, each participant 

was asked identical questions according to an identical format. Interviewers were 

unaware of the case-control status of the men they interviewed until it was revealed to 

them during the course of the interview.  

Interviewers phoned the study participants to arrange the interview at a time and place 

convenient for the participant. The majority of interviews were conducted at the 

participant’s home with a small number conducted at their workplace or other 

location.  

Each participant was sent a Lifetime Calendar and a Family Questionnaire (Appendix 

B) and asked to complete them prior to the interview. The Lifetime Calendar listed 

each year and age since birth and participants were asked to record beside each year 

where they were living and their school or occupation. They were also asked to note 

the year of birth, and sex of each of their children. The purpose of the calendar was to 

anchor salient events in the man’s life to specific years and act as an aid in recalling 

specific exposures during the interview.  
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In the Family Questionnaire, men were asked to identify all of their first-degree 

relatives and for each relative to provide their full name, date of birth and, if deceased, 

the date of death as well as the suburb or postcode of the relative’s usual or last place 

of residence. The type of cancer and the date it was diagnosed were requested for 

relatives who had been diagnosed with cancer. The Family Questionnaire was sent 

prior to the interview to allow time for the participants to check dates and cancers with 

other family members. Completeness of the information was checked during the face-

to-face interview. From September 1995, the Family Questionnaire was extended to 

include maternal and paternal aunts and uncles. Information about grandfathers was 

not collected because it was found that few men were capable of providing reliable 

information. A positive family history was defined as prostate cancer reported in a 

father, brother or uncle. Information about relatives and family history of cancer was 

obtained from 1475 cases and 1407 controls. 

All men participating in the study had to be sufficiently fluent in English to complete a 

face-to-face interview and a short self-administered questionnaire on urinary 

symptoms and sexual activity. At the commencement of the interview, men were 

given a Plain Language Statement that described the study in layman’s terms and 

asked to sign a Consent Form indicating they understood what participation in the 

study entailed. Both these forms are included in Appendix A.  

The face-to-face interview consisted of a structured questionnaire to collect 

background demographic information, information about occupational physical 

activity and exposure to ionising radiation, history of cigarette smoking and alcohol 

intake and marital history. The medical information sought covered current and past 

height and weight, vasectomy, circumcision and injury to testicles, history of x-ray 

exposures, chronic disease history and history of childhood illnesses involving 

hospitalisation. The interviewer made an assessment of the participant’s degree and 

pattern of balding and the degree of facial acne scarring. Dietary intake was assessed 

using a Food Frequency Questionnaire developed for use in an Australian setting 

(108). 

Recruitment of relatives 

The Cannings-Thompson Sequential Ascertainment Scheme (107) was used to 

identify further relatives for a Prostate Cancer Family Study. Cases with a prostate 
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cancer family history and who agreed to our contacting his relatives, were asked to 

confirm with his living siblings, parents and uncles and aunts relatives that they were 

prepared to participate. Letters were sent to consenting relatives explaining the study 

but did not mention that the index case had been diagnosed with prostate cancer. The 

relatives were asked to complete the same Family Questionnaire as that completed by 

the index case. This provided additional, independent confirmation of cancers reported 

for the family and, in some instances, gave details of cancers not previously reported 

by the case. 

Grade and stage of tumour at diagnosis 

Prostate adenocarcinomas can be graded according to the microscopic appearance of 

the tumour cells removed at either a biopsy or prostatectomy. Malignant cells from the 

two most predominant histological patterns seen microscopically are graded on a scale 

of 1 to 5 according to their resemblance to normal tissue (109). Well-differentiated 

malignant cells most resemble normal cells in their structure, growth and invasiveness 

and are assigned a low Gleason grade. Undifferentiated or poorly differentiated cells 

lack the cellular structure and growth patterns of normal cells and are assigned a high 

Gleason grade. The Gleason score is obtained by adding the two grade scores. Low 

Gleason scores indicate less aggressive disease. The lowest possible Gleason score is 2 

(1 + 1) and the highest is 10. Scores of 2 to 4 represent well-differentiated disease, 5 to 

7 is classified as moderate grade disease and 8 to 10 as poorly differentiated disease. 

Gleason score was known for all cases since case eligibility required a score of five or 

greater.  

The stage at diagnosis measures the extent of spread of the tumour when it was first 

diagnosed and is important in assessing patient prognosis. Prostate cancer is staged 

using the TNM staging system of the International Union for Cancer Control (110). 

This system classifies tumours according to the size of the tumour (T stage), the 

involvement of regional lymph nodes (N stage) and the metastatic spread (M stage). 

Stage I tumours are those found incidentally following PSA testing. They are confined 

to the prostate gland and involve 5% or less of the tissue. Stage II tumours are also 

organ confined but involve more than 5% of the gland and are clinically palpable. 

Stage III shows invasion through the prostatic capsule and into the seminal vesicles 

while Stage IV indicates disease that has metastasised beyond the local area. Staging 

information was available for 1408 (95%) cases. 
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Statistical analyses 

Reported family history 

The quality of the reported family history of prostate cancer and selected other cancers 

was assessed initially by comparing the cumulative risk of reported cancers in 

relatives with the population cumulative risk. A second approach involved calculating 

the SIRs for cancers in the relatives by estimating the person-years at-risk in the 

cohort of relatives and comparing the observed and expected numbers of cancers in 

the relatives. Finally, a subset of the reported cancers was checked against the cancer 

registries in New South Wales and Victoria. A more detailed description of the 

methods used to assess the quality of the reports is given in Chapter 5. 

Case-control analysis 

The increased risk of prostate cancer associated with a family history was estimated by 

the OR using a case-control design with family history of prostate cancer as the 

exposure of interest. The effect of the age of the proband on the OR was also 

investigated. 

All ORs were adjusted for the reference age of the proband. For case probands, the 

reference age was defined as the age at diagnosis with prostate cancer, while for 

control probands it was the age at which they were selected for the study. During the 

course of the study two men who were selected and interviewed as controls were 

subsequently diagnosed with prostate cancer and became eligible cases. These two 

subjects were included in the analyses as both cases and controls. In a case-control 

study, cases and controls are drawn from the study base or source population that 

consists of all subjects who would become cases if they were diagnosed with the 

disease of interest. When cases are recruited over an extended time period, a future 

case should remain in the source population until diagnosed and should not be 

excluded from the pool of controls prior to their diagnosis. This analytical approach is 

similar to that used in the proportional hazards model (111). The possible effects of 

PSA testing on the estimates of familial risk were investigated by repeating the 

analyses but defining a positive family history based on relatives diagnosed before the 

beginning of 1992. Full details of the statistical methods for the case-control analysis 

are described in Chapter 6. 
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Survival of Victorian cases 

The date and cause of death for case participants from Victoria was available to June 

4, 2004. Survival in the Victorian cases according to grade and stage at diagnosis and 

by type of family history was modelled in Stata using Cox proportional hazards. Cases 

were classified according to the strength of family history reported. Men from families 

with a history of prostate cancer fitting the proposed HPC criteria (106) namely 1) ≥ 3 

affected individuals in one nuclear family; 2) affected individuals in three successive 

generations; or 3) ≥ 2 relatives each affected before the age of 55, were defined as 

‘hereditary’ cases. Those with a family history of prostate cancer not fitting the criteria 

were defined as having ‘familial’ disease and those without a family history of 

prostate cancer were defined as ‘non-familial’ cases. A more detailed description of 

the methods used for the survival analysis are included in Chapter 7.  

Cohort analysis 

The reconstructed cohort of case and control relatives was enumerated according to 

the methods described in Susser and Susser (112). The RRs of prostate cancer for case 

relatives compared with control relatives were calculated for different types of relative 

and by the age of the case at diagnosis and the age of the relative at risk. To explore 

the effect of PSA testing on the RR estimates, analyses were repeated truncating the 

follow-up of relatives at the end of 1991 and then using follow-up from the beginning 

of 1992. These analyses are described in detail in Chapter 8. 

The association of prostate cancer with other cancers in family members was also 

assessed in the reconstructed cohort as described above using other reported cancers in 

relatives as the event of interest. Chapter 9 includes the results from these analyses. 

Prostate cancer risk projections 

The absolute risks for prostate cancer in first-degree relatives were derived by 

applying a modification of the Gail model (113) for breast cancer risk to prostate 

cancer using the age-specific RRs from this study. The methods used to obtain the 

estimates are explained in greater detail in Chapter 10. 
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Chapter 5 

How well did cases and controls report a family history of  

cancer? 

Introduction 

Epidemiological studies of familial aggregation of prostate cancer often rely on self-

reported family history of the disease but if these reports are inaccurate or incomplete, 

the reliability of inferences about patterns of susceptibility will be called into question 

(114). Accurate assessment of familial aggregation of cancer and the assessment of an 

individual’s familial risk of cancer depends on the reliability of their reported family 

history of cancer. Direct verification of reports with medical records and cancer 

registries is not always possible especially if the diagnosis occurred many years ago or 

in a distant location. Cancers diagnosed in parents and grandparents or in family 

members who lived overseas could be particularly difficult to verify.  

False-negative reports also need to be considered because omitted cases are likely to 

affect the assessment of risk. Verification of cancers will usually require access to 

disease registers or medical records that may be kept in diverse locations. Cancer-free 

relatives are likely to outnumber affected relatives and, in a time when privacy of 

medical information is receiving much attention, access to a large number of medical 

records is often not feasible or even possible. Before proceeding with the analysis of 

familial risks from this study, it will be important to assess how well study 

participants reported cancers for their relatives.  

There has been a number of studies investigating the reliability of reports of cancer 

for relatives. Medical record confirmation of cancers reported for relatives has been 

shown to vary and to be considerably lower for second-degree relatives compared 

with first-degree relatives (69,72,115). The confirmation of reports of prostate cancer 

for relatives of cases with other cancers has ranged from 64% to 100% (116,117). In 

two studies that have investigated cancers in relatives reported by men with prostate 
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cancer, a level of accuracy in excess of 85% for prostate cancer has been shown 

(72,118).  

Some of the validation studies have been conducted in clinic settings or have 

examined reports of cancer for the relatives of cases only (69,114,115,117-123). 

Familial aggregation studies require that reporting is accurate for both cases and 

controls so that differential reporting does not influence risk estimates. If cases were 

more aware of cancers in their relatives, familial risk would be over estimated. Studies 

that have compared differences between case and non-case reports have found only 

minor differences (116,124-126).  

The aim of this chapter is to investigate how well cases and controls reported prostate 

and other cancers for their relatives. The SIRs and cumulative risks for prostate cancer 

for relatives of cases will be compared with those for relatives of controls. The 

cumulative risks for relatives will also be compared with the cumulative risk for the 

general Australian population. If controls were representative of the population at risk, 

reports of cancers for their relatives should be consistent with the population risk.  

In addition, the validity of reports of cancer at any site for relatives of participants 

from NSW and Victoria will be assessed by comparing the reported cancers with 

cancer registry records. The degree of false-negative reporting of cancers for relatives 

could not be assessed, as permission to access the cancer registry records of 

individuals not reported to have cancer was not obtained. 

Methods 

Comparison of relatives with the Australian population  

The cumulative risks of prostate cancer were estimated for each type of case and 

control relative using life table methods in the statistical package Stata (127). For 

other cancers with more than 100 cases reported for relatives, the cumulative risks 

were estimated for the first-degree relatives and the uncles and aunts cases and for all 

control relatives combined. These cumulative risks were compared with those for the 

Australian population using cancer incidence data obtained from the Australian 

Institute of Health and Welfare (AIHW). The AIHW publishes the cancer incidence 

rates for Australia using data supplied by the State and Territory population-complete 

cancer registries. The earliest year for which national data are available is 1983; prior 
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to this, cancer registration was not mandatory in all states and the records will be 

incomplete. The population cumulative risk of prostate cancer was calculated for 5-

year age groups from age 20 years by summing the age-specific incidence rates from 

age 20. Information about cancer for relatives aged less than 20 years was sought for 

all relatives but was excluded from the analyses as there were too few cases to obtain 

reliable estimates.  

Between the late 1980s and the mid 1990s, prostate cancer incidence increased rapidly 

with the introduction and widespread use of PSA testing for prostate cancer detection 

that resulted in an increase in the cumulative risk during that time. In order to make 

comparisons with the diagnostic period in which the majority of relatives had been 

diagnosed, the cumulative risk for each type of relative was compared with the 

average cumulative risk for the period between the mean and median years of 

diagnosis of the affected control relatives. If incidence rates were unavailable, the 

year closest to that time-period was used. The affected control relatives were used to 

define the comparison time periods as aggregation of cancers in case families may 

affect the age and date of diagnosis. 

SIRs for cancers with more than 100 cases reported for relatives were calculated 

separately for first-degree relatives and uncles and aunts of cases and controls. These 

included cancers of the stomach, colorectum, liver, lung, breast and prostate and 

melanoma. In addition, SIRs were calculated for all cancer sites combined excluding 

prostate cancer. For cancers diagnosed prior to 1983, the expected numbers of cases 

were calculated using the 1983 incidence rates. Person-years of exposure were 

calculated by calendar year and 5-year age group from age 20 using the strate 

command in Stata. Calendar years prior to 1983 were aggregated and the incidence 

rates for 1983 used to estimate the expected number of cases. The SIRs were 

calculated as the ratio of the observed to expected number of cases for each cancer in 

relatives. Confidence intervals were calculated assuming a Poisson distribution for the 

observed number of cancers in relatives. These confidence intervals do not take into 

account the correlation between members of the same family and will thus be 

narrower than they should be. 
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Verification of relatives’ cancers 

Each of the state cancer registries has been established under state legislation and 

collects information about residents of that state only. Verification of reports of a 

family history of cancer were attempted for the relatives of the probands from 

Victoria and New South Wales reported to have been diagnosed with cancer. 

Verification for relatives of Western Australian probands could not be attempted 

because of constraints placed on identification of participants by ethics committees in 

Western Australia. In New South Wales and Victoria, reported diagnoses for relatives 

were compared with the cancer registrations of the state in which the proband was 

recruited. Cancer registries use three levels of verification depending on the basis of 

diagnosis of the cancer: death certificate only, clinical diagnosis and pathologically 

confirmed diagnosis. For this analysis, any record in the cancer registry of the 

reported cancer was counted as verified regardless of the basis of diagnosis.  

Cancer registration became population-complete in New South Wales in 1972 and in 

Victoria in 1982. Prior to the introduction of mandatory cancer notification, only 

cancers treated in major teaching hospitals would have been registered, thus records 

prior to mandatory notification will be incomplete. Reported cancers for that period 

may be correct but unverified. Furthermore, it was not possible to verify diagnoses of 

relatives living outside the state in which the proband was recruited, as ethics 

approval for this was not requested at the time the study was planned. Changes to 

privacy legislation made during the course of the study have restricted access to 

cancer registry records and the cost of re-contacting men to obtain their consent could 

not be met from the limited resources available for the study.  

Logistic regression was used to investigate whether factors such as case-control 

status, the age of the proband, the age at diagnosis of the relative, the year of 

diagnosis with cancer or the relationship to the proband affected verification. The age 

at diagnosis was the age reported for unverified cancers and the age recorded in the 

registry for the verified cancers. In these analyses, the dependent variable was 

verification of the reported cancer in the cancer registry, classified as verified or 

unverified. Because of the correlation between family members, the standard errors 

for the coefficients were obtained from the variance-covariance matrix estimated 

using marginal likelihood theory rather than the inverse information matrix (128).  
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Results 

Comparison of relatives with the Australian population  

Prostate cancer 

The year of diagnosis of prostate cancer in first-degree relatives of controls ranged 

from 1940 to 1997 with a mean of 1983 and a median of 1989. Table 5.1 shows the 

range, mean and median for the reported year of diagnosis for each group of control 

relatives and the comparison period used. The mean and median years of diagnosis for 

fathers were 1980 and 1981 respectively. Both these dates are earlier than the time for 

which national incidence data are available; the rates for 1983 were used as the 

comparison year for fathers. For uncles of controls, the year of diagnosis ranged from 

1943 to 1996 with mean and median years of 1982 and 1987 respectively. The 

cumulative risks for first-degree relatives were compared with the average population 

cumulative risk for the calendar years 1983 to 1989. For uncles the cumulative risks 

were compared with the number expected on the basis of the average population 

cumulative risk for the years 1983 to 1987.  

 

Table 5.1 The range, mean and median for reported year of diagnosis for control 
relatives and the time period used for comparing cumulative risks. 

 
Year of diagnosis of control 

relatives 

 Range Mean Median 

Time period for calculation of 
the average cumulative risk 

First-degree relatives 1940 – 1997 1983 1989 1983 – 1989 

Fathers 1940 – 1997 1980 1981 1983 

Brothers 1967 – 1996 1991 1994 1991 – 1994 

Uncles 1943 – 1996 1982 1987 1983 – 1987 

 

The cumulative risks of prostate cancer for each type of relative by the case-control 

status of the proband are shown in Figure 5.1. The average population cumulative risk 

for the relevant time-period is also included for each group of relatives. The 

cumulative risk for case relatives was significantly higher than for control relatives for 

each type of relative (log-rank test p <0.0005 for all comparisons). First-degree 

control relatives had a similar cumulative risk to that of the population whereas for 
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case relatives the cumulative risk was significantly higher than the population. This 

pattern was also seen for fathers but not for brothers. A higher cumulative risk for 

case brothers was observed only for brothers below the age of 75 years. Control 

brothers had a cumulative risk similar to the population up to age 75 years but were 

below the population risk for brothers over 75 years. The data for brothers were 

truncated at age 80 years as there were too few brothers and too few cancers reported 

after that age. Case uncles had cumulative risks similar to the population but control 

uncles had significantly lower cumulative risks for all ages except 80 years and over 

suggesting that there could have been under-reporting of diagnoses for this group of 

relatives. 

The 2882 probands participating in the study reported a total of 469 fathers, brothers 

and uncles as being affected with prostate cancer. The number and relationship of 

these affected relatives is shown in Table 5.2 separately for cases and controls. The 

SIRs and 95% CIs are also included in the table.  

The SIR for prostate cancer was elevated for first-degree relatives of cases but for 

control relatives did not differ from that of the general population. Similar results 

were seen with the analyses for fathers and brothers. The SIR for case brothers was 

significantly higher than that for fathers of cases. For control relatives, there was no 

difference in SIR for fathers and brothers and the observed number of affected control 

brothers was exactly as expected. Fewer affected uncles of cases and controls were 

reported than expected. All differences between case and control relatives were 

significant. 
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Figure 5.1 Cumulative risk of prostate cancer in relatives of cases and controls 
compared with the Australian population risk 

 

 

Table 5.2 Observed and expected numbers of reported prostate cancers in 
relatives of all probands 

 Status of 
proband Observed Expected SIR 95% CI 

Case 267 107.7 2.48 (2.20 – 2.79) First degree 
relatives Control 90 106.1 0.85 (0.69 – 1.04) 
Fathers Case 163 77.5 2.10 (1.08 – 2.45) 
 Control 63 79.2 0.80 (0.62 – 1.02) 
Brothers Case 104 30.4 3.42 (2.82 – 4.15) 

 Control 27 27.0 1.00 (0.69 – 1.46) 
Uncles Case 88 114.1 0.77 (0.63 – 0.95) 
 Control 24 81.7 0.29 (0.20 – 4.44) 

 

Other cancers 

At least 100 relatives were reported as having been diagnosed with cancer of the 

stomach, colorectum, liver, lung or breast or melanoma. For all relatives combined, 
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there were no case-control differences in the cumulative risks for all cancers other 

than prostate cancer or for stomach, colorectal, liver, lung or breast cancers (p > 0.1 

for all log-rank test statistics). The cumulative risk of melanoma for all case relatives 

combined was significantly higher than for control relatives (log-rank test χ2 = 8.1, p 

= 0.005).  

Cumulative risks were calculated separately for first-degree relatives and for uncles 

and aunts. The results are shown, relative to the population cumulative risks, in 

Figures 5.2a and 5.2b. The 95% CIs for case relatives have been included as well as 

the p-value for the log-rank test comparing case and control relatives. There were no 

differences in cumulative risks between case and control relatives, either first-degree 

or second-degree, for any of the cancers. For melanoma, the risk differences seen for 

all relatives were attenuated when different types of relative were analysed separately 

and did not reach significance (log-rank test χ2 = 3.00, p = 0.08 for first-degree 

relatives and χ2 = 3.5, p = 0.06 for uncles and aunts).  

For lung cancer, melanoma and all cancers other than prostate cancer there appeared 

to be under-reporting of affected first-degree relatives as the cumulative risks for 

these relatives were lower than the corresponding population cumulative risks for both 

cases and controls. The cumulative risks for stomach and liver cancers for first-degree 

relatives were higher than the population risks suggesting over-reporting of cancers at 

those sites or the misreporting of metastases as primary cancers. The cumulative risks 

for colorectal and breast cancers were comparable to those in the general population.  

For second-degree-relatives, there appeared to be under-reporting of all cancers other 

than prostate cancer by both cases and controls as the cumulative risks were below the 

population cumulative risk. This was most evident for colorectal cancer and for 

melanoma. The cumulative risks for breast, lung and stomach cancers in second-

degree relatives were comparable with the population cumulative risks but liver 

cancer risk was lower. 
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Figure 5.2a Population cumulative risk and cumulative risk of selected cancers in 
case and control relatives, p-value for case-control differences  
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Figure 5.2b Population cumulative risk and cumulative risk of selected cancers 
in case and control relatives, p-value for case-control differences 
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were significantly more cases of liver cancer reported in both first- and second-degree 

relatives than expected. Reports of colorectal cancers in first-degree relatives, and 

stomach and breast cancers in all relatives, did not differ significantly from expected 

numbers. 

 

Table 5.3 Observed (O), expected (E) numbers and SIR (95% CI) for selected 
cancers in relatives of study participants 

Site 
Status of 

index 
participant

O E SIR 95% CI 

First-degree relatives      
All cancers excluding prostate  Case 987 2038.6 0.61 (0.57 – 0.65) 
 Control 871 1456.8 0.57 (0.52 – 0.61) 
Stomach Case 64 49.3 1.28 (0.99 – 1.63) 
 Control 65 47.5 1.37 (1.07 – 1.75) 
Colorectum Case 178 191.5 0.93 (0.80 – 1.08) 
 Control 151 185.0 0.82 (0.69 – 0.96) 
Liver Case 49 6.3 7.84 (5.93 – 10.38) 
 Control 32 6.2 5.16 (3.68 – 7.34) 
Lung Case 117 162.7 0.72 (0.60 – 0.86) 
 Control 116 153.5 0.76 (0.62 – 0.91) 
Melanoma Case 56 204.0 0.27 (0.21 – 0.36) 
 Control 37 196.3 0.19 (0.14 – 0.26) 
Female breast Case 152 169.5 0.90 (0.76 – 1.05) 
 Control 120 168.3 0.71 (0.60 – 0.85) 
Aunts and uncles      
All cancers excluding prostate  Case 258 1006.6 0.26 (0.23 – 0.29) 
 Control 181 597.3 0.30 (0.26 – 0.35) 
Stomach Case 23 31.8 0.72 (0.48 – 1.09) 
 Control 10 21.4 0.47 (0.25 – 0.87) 
Colorectal Case 40 94.9 0.42 (0.30 – 0.57) 
 Control 27 59.4 0.45 (0.30 – 0.66) 
Liver Case 12 3.9 3.05 (1.73 – 5.36) 
 Control 8 2.8 2.90 (1.45 – 5.80) 
Lung Case 50 119.7 0.42 (0.32 – 0.55) 
 Control 34 81.8 0.42 (0.30 – 0.58) 
Melanoma Case 9 52.4 0.17 (0.09 – 0.33) 
 Control 1 33.9 0.03 (0.004 – 0.21) 
Female breast Case 12 30.3 0.59 (0.34 – 1.04) 
 Control 4 4.01 1.0 (0.37 – 2.66) 

 



 

 106

Cancer registry verifications of relatives’ diagnoses 

Prostate cancer 

This part of the analysis was limited to relatives of participants in the Victorian and 

New South Wales arms of the study. Table 5.4 gives the breakdown of relatives 

reported to have been diagnosed with prostate cancer by case or control status of the 

proband.  

 

Table 5.4 Relationship by case-control status for affected relatives of Victorian 
and New South Wales participants 

Relationship Cases Controls 

Father 135 51 

Brother 89 25 

Maternal Uncle 32 14 

Paternal Uncle 37 7 

Total 293 97 

 

A total of 390 relatives was reported to have been diagnosed with prostate cancer. 

Cancer registry records were located for 202 (51.8 %) of the diagnoses (Table 5.5). 

Ninety-nine relatives were diagnosed prior to the introduction of mandatory cancer 

registration in the relevant state. Thirty (30.3%) of these 99 lived outside the state in 

which the proband was recruited and hence were not in the catchment area of the 

relevant registry. These could not be checked, and for a further 13 there was 

insufficient information for adequate identification of the relative. Verification was 

available for 29 of the remaining 56 men diagnosed prior to mandatory cancer 

notification.  

Among the 291 men diagnosed after the introduction of mandatory cancer 

notification, 68 (23.4%) lived interstate or overseas and were thus outside the registry 

catchment areas. There was insufficient information to adequately identify a further 

19 (7.9%). The diagnoses were confirmed in 173 of the remaining 204 men (85%). 

The proportion of cancers verified for relatives whose diagnosis could be checked 

with certainty (i.e. diagnosed after the introduction of mandatory cancer notification, 
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resident in the same state as the proband and with sufficient identifying information) 

was significantly different for case and control relatives (87.7% versus 67.9%, p < 

0.005). Verification of the diagnoses for families fitting the proposed clinical criteria 

for hereditary prostate cancer was 95.7% compared with 84.1% for other families 

with a history of prostate cancer (χ2 = 4.1, p=0.04). 

 

Table 5.5 Verification by time-period of diagnosis and case-control status for 
affected relatives of Victorian and New South Wales participants 

 Reported Verified % verified 

Diagnosis prior to population-complete cancer 
registration 

99 29 29.3% 

Cases 73 25 34.3% 

Controls 26 4 15.4% 

Since population-complete cancer registration 291 173 59.5% 

Cases 220 135 61.4% 

Controls 71 38 53.5% 

Cases 293 160 54.6% 

Controls 97 42 43.3% 

Total 390 202 51.8% 

 

For the 300 first-degree relatives for whom verification of the reported prostate cancer 

diagnosis was sought, 163 (54%) were verified from cancer registry records. There 

was insufficient information to uniquely identify 26 (9%) of the relatives. A further 67 

(22%) had an address at diagnosis that was not in the same state as the proband and 

thus could not be checked, as the relative did not live in the catchment area of the 

relevant cancer registry. The diagnosis was not confirmed for the remaining 44 (15%) 

for whom records should have existed. The diagnosis of 39 of the 90 uncles (43.3%) 

reported with prostate cancer was verified. 

Overall, the verification for prostate cancers in men resident within the catchment area 

of the relevant registry was 70% (163/233) and was different for case and control 

relatives (74% versus 59%, p = 0.04) (Table 5.6). These percentages include relatives 

diagnosed before mandatory cancer notification in each state. 



 

 108

Table 5.6 Verifications of prostate cancer for men diagnosed after mandatory 
cancer registration and resident in the same state as the proband. 

 

Results of the logistic regression analysis of factors affecting verification of prostate 

cancers are shown in Table 5.7. When all reports were included in the analysis, there 

was no significant difference between the level of verification for case and control 

relatives or between first-degree relatives and uncles. The only significant predictor of 

verification was the year of diagnosis of the relative; more recent diagnoses were 

more likely to be verified. Neither the age of the proband nor the age of the affected 

relative affected the odds of a prostate cancer diagnosis being verified. 

For the relatives whose diagnoses could be checked with certainty, i.e., resident in the 

same state as the proband and diagnosed after mandatory cancer notification, the odds 

of verifying the diagnosis of a case relative was 3.7 times that of verifying the 

diagnosis of a control relative. More recent diagnoses were again more likely to be 

verified than those occurring in the distant past.  

 

Table 5.7 Results of logistic regression analyses for verification of relatives’ 
prostate cancers reported by New South Wales and Victorian participants 

Variable OR 95% CI P value 

All reported relatives    

Case-control status 1.50 (0.91–2.47) 0.11 

Uncles (compared with first-
degree relatives) 0.64 (0.38–1.07) 0.09 

Increasing year of 
diagnosis (per yr) 

1.06 (1.04–1.08) <0.0005 

Relatives diagnosed after mandatory cancer registration and resident in the state 

Case-control status 3.70 (1.64–8.33) 0.002 

Year of diagnosis 1.07 (1.00–1.14) 0.03 

Relatives Cases Controls 

Fathers 82.3% 74.1% 

Brothers 93.4% 63.2% 

Uncles 87.1% 60.0% 

Total 87.7% 67.9% 
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Other cancers 

Reports and verifications of cancers for case and control relatives by cancer site are 

shown in Table 5.8. Verification proportions above 80% were seen for head and neck, 

oesophagus, colorectum, gall bladder, respiratory organs other than lung, pancreas, 

connective tissue, testis, bladder and kidney cancers and Hodgkin lymphoma. 

Verification proportions below 60% were seen for stomach, liver, bone, cervix, brain 

and central nervous system (CNS) cancers, non-Hodgkin lymphoma (NHL) and 

leukaemia. For relatives whose diagnosis should have been recorded in either the New 

South Wales or Victorian Cancer Registry, the reported diagnoses for aunts or uncles 

were significantly less likely to be verified (OR = 0.61, 95% CI 0.41 – 0.92). There 

were no differences in the probability of verification by age of the relative at 

diagnosis or the age of the proband.  

 

Table 5.8 Details of reported and verified cancers in relatives of Victorian and 
New South Wales probands 

Cancer site 
Status of 

index 
participant 

Reported Theoretically 
locatable Verified % locatable 

and verified 

Head & neck Case 
Control 

37 
47 

8 
11 

7 
9 

87.5 
81.8 

Oesophagus Case 
Control 

13 
7 

8 
3 

8 
3 

100.0 
100.0 

Stomach Case 
Control 

76 
64 

25 
15 

16 
5 

64.0 
33.3 

Colorectum Case 
Control 

189 
148 

65 
56 

56 
40 

86.2 
71.4 

Other digestive 
organs 

Case 
Control 

3 
4 

2 
1 

2 
1 

100.0 
100.0 

Liver Case 
Control 

49 
27 

10 
9 

5 
1 

50.0 
11.1 

Gall bladder Case 
Control 

8 
2 

4 
0 

4 
0 

100.0 
- 

Pancreas Case 
Control 

26 
21 

14 
8 

12 
6 

85.7 
75.0 

Lung Case 
Control 

136 
125 

51 
50 

41 
34 

80.4 
68.0 

Other respiratory 
organs 

Case 
Control 

9 
5 

2 
4 

2 
3 

100.0 
75.0 

Bone Case 
Control 

15 
12 

5 
3 

0 
0 

0.0 
0.0 
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Cancer site 
Status of 

index 
participant 

Reported Theoretically 
locatable Verified % locatable 

and verified 

Connective tissue Case 
Control 

3 
3 

2 
3 

2 
3 

100.0 
100.0 

Melanoma Case 
Control 

49 
32 

29 
22 

22 
12 

75.8 
54.6 

Female breast Case 
Control 

141 
105 

51 
42 

39 
31 

76.5 
73.8 

Cervix Case 
Control 

31 
25 

11 
9 

5 
3 

45.5 
33.3 

Uterus Case 
Control 

17 
21 

4 
4 

2 
4 

50.0 
100.0 

Ovary Case 
Control 

13 
10 

7 
3 

7 
2 

100.0 
66.7 

Other female 
genital organs 

Case 
Control 

2 
3 

2 
1 

2 
1 

100.0 
100.0 

Prostate Cases 
Controls 

293 
97 

154 
56 

135 
38 

87.7 
67.9 

Testis Case 
Control 

14 
3 

5 
2 

5 
1 

100.0 
50.0 

Bladder Case 
Control 

36 
21 

22 
12 

21 
9 

95.5 
75.0 

Kidney Case 
Control 

15 
12 

9 
7 

8 
7 

88.9 
100.0 

Brain & CNS Case 
Control 

32 
36 

17 
9 

11 
3 

64.7 
33.3 

Thyroid Case 
Control 

7 
2 

6 
1 

4 
1 

66.7 
100.0 

NHL Case 
Control 

17 
20 

8 
11 

7 
4 

87.5 
36.4 

Hodgkin lymphoma Case 
Control 

3 
6 

2 
3 

2 
3 

100.0 
100.0 

Multiple myeloma Case 
Control 

7 
5 

2 
3 

2 
2 

100.0 
66.7 

Leukaemia Case 
Control 

27 
33 

10 
7 

8 
2 

80.0 
28.6 

All cancers other 
than prostate 
cancer 

Case 
Control 
Total 

973 
798 

1771 

378 
296 
674 

285 
198 
483 

75.4 
66.9 
71.7 

 

Except for NHL and leukaemia, there were no significant case-control differences 

between the proportions of cancers other than prostate cancer that were verified. The 

verifications of cancers by degree of relationship are shown for selected cancer sites 
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in Table 5.9. The only non-prostate cancer site that differed in verification rate by the 

degree of relationship was lung cancer. 

 

Table 5.9 Verifications for selected cancer sites by degree of relationship 

Cancer site Relationship Locatable Verified % locatable and 
verified 

Stomach First degree 
Uncles or aunts 

34 
6 

19 
2 

55.9 
33.3% 

Colorectum First degree 
Uncles or aunts 

105 
16 

83 
14 

79.0 
87.5 

Liver First degree 
Uncles or aunts 

15 
4 

5 
1 

33.3 
25.0 

Lung First degree 
Uncles or aunts 

87 
15 

70 
5 

80.5 
33.3 

Melanoma First degree 
Uncles or aunts 

48 
3 

31 
3 

64.6 
100.0 

Female breast First degree 
Aunts 

91 
2 

70 
0 

76.9 
0.0 

Prostate cancer First degree 
Uncles  

169 
71 

140 
33 

82.8 
80.5 

All cancers other than 
prostate cancer 

First degree 
Uncles or aunts 

615 
80 

439 
49 

71.4 
61.3 

 

Discussion of the reporting and verification 

Prostate cancer 

Comparisons of cancer reports with population rates can give an insight into the level 

of under- or over-reporting. The cumulative risks highlight which age groups are 

likely to have been misreported while the summary SIRs, adjusted for age, describe 

the overall reporting levels. Another important measure of data quality is the level of 

verification of reported cancers.  

Prostate cancer appeared to be adequately reported for the first-degree relatives of 

controls across all age groups. The higher than expected number of prostate cancers 

reported for first-degree relatives of the cases is likely to reflect the familial 

aggregation of the disease rather than differential recall, as reporting of cancers other 

than prostate cancer was similar for case and control relatives. The reports for fathers 
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and for brothers aged less than 75 years followed this pattern but the limited number 

of brothers over age 75 years precludes making inferences about these older men. 

Prostate cancer was reported at lower than expected levels for both case and control 

uncles. The cumulative risk differences for case and control uncles were significantly 

different and, although the case-control differences in the SIRs were in the expected 

direction for these relatives, they were not significant. Similar proportions of first-

degree relatives’ and uncles’ prostate cancers could be verified indicating that false-

positive reports were not more likely for more distant relatives. False-negative reports 

could not be assessed and it appears likely that false-negative reporting for more 

distant relatives was a more serious problem. If this is non-differential, the familial 

risk estimates will be too low but are unlikely to be biased. 

The verification of the reports of prostate cancers differed by case-control status but 

not by the degree of kinship with the proband. The overall verification of prostate 

cancer of 51.9% was lower than would be desirable in a study of familial prostate 

cancer. This figure includes the 46% of relatives whose records could not be checked 

because the diagnosis occurred before mandatory cancer registration, or who could 

not be adequately identified or did not live in the same state as the proband in the 

family. Verification of 82.4% of the prostate cancer reports that should have had 

records on the population-complete cancer registries, if they were indeed true, was 

only slightly below the levels published from two other studies that were based solely 

on reports by cases (72,118). Our level of verification of 87.7% for case relatives is 

comparable with those two studies. In the Swedish study (72), the diagnoses of 92% 

of the identified fathers and brothers reported to have prostate cancer were confirmed. 

Diagnoses were compared with the Southern Swedish Tumour Registry which has 

population-complete records dating from 1958 and thus covers a more extensive 

period than our study. In the study by King et al. (118), 86.2% of the located reports 

of prostate cancer were verified.  

Verification was higher for relatives in families fitting the proposed HPC criteria 

(106). Multiple-case families may have a better knowledge of the details of the 

diagnoses in the family and report these more accurately. Similar findings have been 

reported for melanoma; the accuracy of reports of a positive family history were 

found to increase significantly with the total number of affected relatives in the family 

(119). 
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Case-control differences in verification have varied across studies. In twins discordant 

for breast cancer, the affected twin reported more breast cancers in other family 

members than did the unaffected twin (124), but differences were not found for other 

cancers. A non-significant excess of reports of familial breast cancer by cases was 

found in one case-control study (125). A further two studies of colorectal cancer 

patients and controls (116,126) found no difference in the accuracy of case and 

control reports. The case-control differences in accuracy found in our study could not 

be attributed to differences in the proportions of records that could be located as these 

did not differ significantly.  

Other studies have found differences in the level of verification between first-degree 

and second-degree relatives (69,114,115,117,120). In this study, there were no 

differences in the level of verification for prostate cancer by the degree of 

relationship. The only second-degree relatives included in the analysis were maternal 

and paternal uncles who are closer in age to the proband than grandparents and for 

whom information may be easier to obtain. Grandfathers were not included because 

few men were capable of providing reliable information for them and most diagnoses 

would have occurred well before mandatory cancer notification. Diagnoses in uncles 

would generally be more recent than in grandfathers and the diagnoses would be more 

likely to be confirmed. By including only uncles, we would expect to find a higher 

level of verification for ‘second-degree’ relatives.  

More recent diagnoses were found to be reported more accurately in our study and in 

another study of prostate cancer (118). We cannot thus infer a similar level of 

verification for the diagnoses made prior to population-complete cancer registration. It 

is also likely that reports of cancer in relatives who live at greater geographical 

distance from the proband will be less accurate.  

For cancers other than prostate cancer, there were very few differences between 

verifications by degree of relationship or between cases and controls. Sites such as 

liver and bone that are common metastatic sites had low levels of verification. Liver 

cancer was reported significantly more often than expected. False-positive reports 

may have included metastatic disease so it is not surprising that a high proportion of 

reports could not be verified.  
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Accuracy of lung cancer reports has varied between 60% (69) and 93% (118). In this 

study, verification of lung cancers was between these extremes at approximately 75% 

of the theoretically locatable records. Lung is often a metastatic site but it is also a 

common cancer site with poor survival that may make more of an impact on a family. 

Verification of lung cancer reports was quite high even though diagnoses were 

reported at a lower level than expected. These reports could include verified true 

positive primary cancers and unverified false-positive lung metastases.  

Cervix cancer was not reported accurately and this has also been observed by others 

(118,120). Cancers at other female reproductive sites were however reported quite 

accurately (86% for uterus, ovary and other female genital organs combined). 

Lymphoma and leukaemia had relatively low levels of verification but these were 

based on small numbers. Other studies (118,120,122) that have included leukaemia 

have found that over 85% could be verified. 

False negative reports of cancer could not be assessed in this study but the issue has 

been addressed by others (72,116,126). Seven cases were found in an unspecified 

number of relatives not reported to have prostate cancer and prostate cancer was 

confirmed in 56 out of 61 fathers and brothers identified in the Swedish study (72). 

Thus, an analysis based on the reported cancers in that study would have included 

97% of the relatives actually confirmed with prostate cancer. Aitken et al. (126) 

sought confirmation of negative reports of colorectal cancer for a random sample of 

231 from a total of 6994 purportedly unaffected relatives in a case-control study. Half 

of those selected for verification were from families in which no relatives had been 

reported as affected. The negative reports were confirmed for 99% of 106 records 

searched. A validation study of cancers in relatives of participants in a case-control 

study compared interview reported family history of cancer with cancer registry 

records for all relatives named by the participants (116). Specificity for colorectal, 

uterine, ovarian, breast and prostate cancers combined was 97.4%. For prostate 

cancer, specificity was 95% and was similar for cases and controls. From these 

studies, it appears that the level of false-negative reporting may be lower than false-

positive reports.  

In an alternative approach to the problem, unaffected first-degree relatives of cases in 

a study of colorectal cancer were asked whether they had a family history of 

colorectal cancer (129). Around 25% were unaware of the diagnosis in the case and 
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this raises concerns that false-negative reports could be quite substantial particularly 

for controls. 

In an ideal study, records of all relatives irrespective of whether cancer had been 

reported, would be checked for cancer diagnoses so that a family history of cancer 

could be determined accurately. In reality, the retrieval of medical records is costly 

and becoming more difficult. Increased emphasis on privacy and the introduction of 

laws governing access to medical records make it increasingly difficult to undertake 

verification of reported diagnoses and even more difficult to determine the degree of 

false-negative reporting by study participants.  

Likely effect of these results on the familial risk estimates 

Accurate estimation of the familial risks of disease can only be obtained when the true 

disease status of relatives is ascertained. It is therefore important to consider the 

influence that misreporting of prostate cancer for the relatives in this study could have 

on the familial risk estimates.  

There was a higher proportion of case relatives with verified diagnoses suggesting a 

higher rate of false-positive reports for control relatives. There was also evidence 

from the SIR results that controls may have given a higher proportion of false-

negative reports of prostate cancer for their relatives. The absolute effect of these 

misclassifications is difficult to determine. Table 5.10 shows the layout of data for 

calculating an OR for the risk of prostate cancer associated with a family history of 

the disease. The standard formula for this calculation is OR = AD/BC.  

 

Table 5.10 Data layout for calculating and Odds Ratio (OR) for familial risk 

 Family history 
Case-control status Yes No 

Case  A B 
Control C D 

 

The results of the verifications in this chapter can be used to estimate the approximate 

effect of the false-positive and false-negative reports on the familial risk estimates. 

Data from the case-control analyses for first-degree relatives to be presented in 

Chapter 6 will be used as an illustration. False-positive reporting will inflate the 
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numbers of cases and controls in cells A and C, respectively, and lead to 

corresponding reductions in cells B and D. The verification rate for cases was 87.7% 

and for controls was 67.9%. Table 5.11 shows the raw unadjusted data, the data 

adjusted for false positives and the calculated crude ORs.  

The adjustment for false-negatives is not so straightforward as the false-negative rate 

had to be estimated from the SIR results and hence will be somewhat speculative. For 

cancers other than prostate cancer, the SIRs for case and control relatives were 

significantly below unity but did not differ from each other. Thus, even though there 

appeared to be under-reporting it did not appear to be differential. The SIR for 

prostate cancer for first-degree relatives of controls was 0.85, thus a false-negative 

rate of 15% has been assumed for controls. If there is familial aggregation of prostate 

cancer, it is not possible to estimate the false-negative reports from the SIR for case 

relatives unless we already know the magnitude of the increased risk for these 

relatives. If we make the assumption of no differential recall for prostate cancer, the 

false-negative rate for controls could also be applied to the cases. The false-negative 

adjustments will decrease the numbers in cells B and D with corresponding increases 

in cells A and C. These are shown in the final two columns of table 5.11.  

 

Table 5.11 Case control data for first-degree relatives showing the effect of 
adjustments for misclassification 

 Family history 

 Raw data Adjusted for false 
positives 

Additional adjustment 
for false negatives 

Status Yes No Yes No Yes No 

Case (n=1475) 232 1243 203.5 1271.5 394.2 1080.8 

Control (n=1407) 85 1322 57.7 1349.3 260.1 1146.9 

OR (95% CI) 2.90 (2.64 – 3.16) 3.74 (3.44 – 4.04) 1.61 (1.42 – 1.79) 

 

In each situation, the OR is significantly elevated. The most conservative result is 

obtained when adjustment is made for the effect of both false-positive and false-

negative reports but this requires a difficult assumption of no differential recall for 

cases and controls. Adjusting only for the false positives leads to the highest estimate 

for familial risks and it would not be wise to adopt this approach.  
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Analyses for this thesis will be based on reported rather than verified diagnoses for 

relatives for several reasons. Firstly, exclusion of the reports that could not be verified 

could lead to inflated estimates of the excess risk associated with a family history of 

prostate cancer. Secondly, it is not possible to determine precisely which relatives had 

their prostate cancer status reported incorrectly. The risk estimation depends on 

knowing the age of the relative at diagnosis and their relationship to a proband of a 

given age. 

Summary 

It was encouraging that the majority of prostate cancers were reported at a rate 

consistent with or little below expectations and that a high proportion of the 

theoretically locatable records could be verified. It was of concern, however, that 

cases and controls may not be equally accurate in their reports of prostate cancer in 

relatives. There was some evidence of differential recall in that controls did not report 

prostate cancer in their relatives as well as did cases. Controls reported fewer affected 

relatives than expected and those reported were less likely to be verified. On the other 

hand, cases reported more affected relatives than expected but a higher proportion of 

these were verified. The case-control differences in level of reporting and verification 

will affect the estimates of the risk associated with a family history of prostate cancer 

and results will have to interpreted in the light of these differences. It appears likely 

that there is an increase in the risk of prostate cancer in relatives of affected men but 

the differences between cases and controls in the accuracy of their reports will bias 

the familial risk estimates upwards. 
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Chapter 6 

Analysis of the case-control study 

Introduction 

Case-control studies conducted in Europe, the Americas and New Zealand during the 

past 20 years have consistently shown an increased risk of prostate cancer in relatives 

of men with the disease (39,61-64,66-68,70-75,77,87,98,102,130). Australia has a 

predominantly Caucasian population and it might be expected that similar findings 

would apply in this country. Recent increases in prostate cancer incidence as a result 

of the uptake of PSA testing have led to the disease being diagnosed at an earlier age 

and stage at diagnosis (6,131) as well as to the diagnosis of asymptomatic cases that 

may never have become clinically apparent in a man’s lifetime (8,132). These 

changes have resulted in a different spectrum of cases and may have altered the 

strength of the association between family history and prostate cancer risk.  

The risk of prostate cancer associated with a family history of the disease will be 

estimated for the Australian population using data from the case-control study 

conducted in three Australian cities between 1994 and 1998. The excess risk 

associated with having an affected first-degree relative will be estimated based on 

information from all participants in the study. The excess risk associated with having 

at least one affected first-degree relative or uncle will be estimated from data collected 

after September 1995 when information was sought about uncles and aunts from both 

maternal and paternal sides of the family.  

If genetic factors were involved in prostate cancer risk, these could be transmitted 

from either the maternal or paternal side of the family. To investigate whether there 

are differences in risk if maternal or paternal relatives only are affected, the risks will 

be determined separately for each side of the family. Prostate cancer in a proband or 

brother could be transmitted through either parent and the effect on the risk of 

including or excluding affected brothers will also be considered.  
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The presence of prostate cancer in a relative may prompt an unaffected man to seek 

prostate cancer testing so that he can be reassured that he does not have the disease or 

to find and treat it at an early stage. PSA testing for prostate cancer began to be 

widely used in Australia in the early 1990s and it has the potential to increase the 

detection of sub-clinical tumours that would not have previously been diagnosed. To 

investigate the impact that PSA-driven increases in prostate cancer incidence may 

have had on familial risk estimates the above analyses will be repeated, in the first 

instance, using reported diagnoses for relatives made prior to 1992 and, secondly, using 

diagnoses made after 1991. 

The association between having a family history of prostate cancer and a number of 

clinical and pathological features has been investigated in several studies but no 

specific tumour characteristics have been consistently identified to distinguish 

between those occurring in men with and men without a family history of the disease 

(106,133-136). Therefore, the association of a family history of prostate cancer with 

the grade of disease in the cases will also be examined. 

Methods 

Data on family cancer history were collected from participants in the case-control 

study using the Family Questionnaire in Appendix A. The selection of cases and 

controls and data collection methods have been described in chapter 4. All analyses 

used both verified and unverified diagnoses as the higher verification rate for case 

relatives could have led to inflated OR estimates for results based on verified 

diagnoses only.  

The probability of a specified disease status (case or control), given a set of 

explanatory covariates, can be represented by the logistic function expressed by the 

following equation:  

exp (α + βTx) 
Pr ( D | x ) = 

1 + exp (α + βTx) 
Equation 6.1 

 

where α is an arbitrary intercept term (nuisance parameter) and β a vector of ORs for 

the risk of prostate cancer associated with each of the covariates in the vector x of 

explanatory variables.  
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All analyses included as the main predictor, a family history of prostate cancer in a 

specified type of relative categorised as yes/no and the reference age of the proband as 

a continuous variable. Thus the vector x of explanatory variables included terms for a 

family history of prostate cancer and the reference age of the proband. The baseline 

comparison group was men with no family history of prostate cancer in any first-

degree relative or uncle. The parameter β associated with the indicator of family 

history represents the OR for risk of prostate cancer adjusted for reference age of the 

proband. 

Separate dichotomous variables were defined for a family history of prostate cancer 

depending on the relative affected. The categories included were prostate cancer in a 

first-degree relative (father or brother), a father, any brother, any uncle, a paternal 

uncle, a maternal uncle and any of the previously mentioned relatives. Unconditional 

logistic regression was used to quantify the risk of prostate cancer as a function of the 

type of relative affected and the age of the man at risk and the number of affected 

relatives. All analyses were performed using the Stata statistical software package 

(127). 

The reference age of the proband was defined for the cases as the age at diagnosis and 

for the controls as the age at which they were selected from the Electoral Register. 

Reference age was categorised into the age groups <55, 55-59, 60-64 and 65-69 years. 

Men under 55 years were grouped as there were too few men below this age 

diagnosed with prostate cancer during the study period to define narrower bands for 

this age group. Differences in age groups were assessed using the Wilcoxon rank sum 

test and differences in the numbers of affected relatives using χ2 tests. The ORs for 

the separate age groups were calculated as the Mantel-Haenszel ORs in Stata. The 

trends in the OR across age groups and number of affected relatives were assessed 

using the likelihood ratio (LR) test.  

Prior to September 1995, participants were asked for information about their first-

degree relatives only. After September 1995 participants were also asked about their 

uncles and aunts. Separate analyses were conducted using information about the 

affected first-degree relatives collected from all participants and for the subset of 

cases and controls from whom information about their uncles was also sought. 

Analyses relating to risk associated with affected uncles were restricted to the group 

of cases and controls from whom information about uncles was obtained. Thus the 
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results from analyses using data from all participants relate only to affected first-

degree relatives while those from the subset of participants asked about their uncles 

relate to first-degree relatives and uncles. 

For the analyses that included only the diagnoses made before 1992, the age and 

affected status of relatives was that which existed at the end of 1991 and therefore 

excluded diagnoses likely to have been made as a result of the increased use of the 

PSA test. For the post 1991 analyses, diagnoses in relatives made prior to January 

1992 were excluded. Prostate cancer diagnoses made prior to January 1992 are 

unlikely to have been detected using the PSA test. Estimates of familial risk based on 

these diagnoses are thus unlikely to be influenced by PSA testing. Prostate cancer 

diagnoses made after December 1991 will include some that could only have been 

detected using PSA testing and this may affect the magnitude of the estimate, 

especially if testing were sought by men with an affected relative. 

Polytomous logistic regression models were used to estimate whether the 

aggressiveness of disease in cases, as indicated by the Gleason score, or the extent of 

the tumour at diagnosis, as indicated by the TNM stage, was associated with prostate 

cancer in relatives. Tumour grade was categorised as moderate (Gleason score 5 to 7) 

or high grade (Gleason score 8 to 10) (109). Stage was grouped as incidental disease, 

organ confined, localised invasion and disseminated disease (110). Controls formed 

the baseline comparison group for these analyses.  

Results 

The results presented here are based on the 1475 cases and 1407 controls for whom 

family history information was available. The characteristics of those completing the 

family history questionnaire are shown in Table 6.1. Because of the frequency 

matching by age, there were no differences in the mean reference age of cases and 

controls.  

Two hundred and thirty-two cases and 85 controls reported at least one affected first-

degree relative (χ2=68.9, p < 0.001). Thirty-two cases and five controls reported more 

than one affected first-degree relative. Forty-six case families (3.1%) had histories of 

prostate cancer such that the family would be classified as fitting the proposed clinical 

criteria for hereditary prostate cancer (HPC) (106). Two of these families had two 

case probands who both participated in the study. There were 234 (15.9%) case 
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families not fitting the hereditary prostate cancer (HPC) criteria but with prostate 

cancer in more than one family member and 1193 (80.9%) families in which the case 

was the only affected male. No control families fitted the HPC criteria, 105 had a 

family history of prostate cancer including seven reporting more than one affected 

first-degree relative or uncle.  

 

Table 6.1 Characteristics of subjects  

 Cases Controls 

All participants 1475 1407 

Mean reference age (sd) 60.0 (5.9) 60.5 (6.1) 

<50  56 63 

50-54 182 208 

55-59 412 309 

60-64 365 417 

65-69 460 410 

Number with affected first-degree 
relatives (%) 

232 85 

Mean number of first-degree male 
relatives per family 

3.5 3.5 

Participants asked about uncles 981 1002 

Mean reference age (sd) 59.7 (5.8) 59.6 (6.2) 

Number with affected first-degree 
relatives 

185 58 

Mean number of first-degree male 
relatives per family 

3.5 3.5 

Number with affected uncles 75 23 

Mean number of uncles per family 2.6 1.6 

sd = standard deviation 

 

First-degree relatives for all participants 

The mean age of cases reporting an affected first-degree relative was 59.0 years and 

of controls was 60.0 years but this difference was not significant. Cases reporting an 

affected first-degree relative had a significantly lower mean age than cases without an 

affected first-degree relative (59.0 years versus 60.8 years, p = 0.0001) but there was 

no difference between the mean age of controls with and without affected first-degree 
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relatives (p = 0.85). The mean number of first-degree relatives reported by cases and 

controls did not differ for all participants of participants asked about their uncles. 

Reports of a family history of prostate cancer for a first-degree relative were more 

common for cases (Table 6.2). For both cases and controls, prostate cancer was more 

common in fathers than in brothers. Only one case reported a son with prostate 

cancer.  

Prostate cancer risk was increased over three-fold for men reporting any affected first-

degree relative and there was a significant decreasing trend in the OR with increasing 

reference age of the proband. For men with more than one affected first-degree 

relative, there was more than a seven-fold increase in risk and for each additional 

affected first-degree relative the risk quadrupled.  

The risk of prostate cancer was greater in men with affected brothers than in men with 

an affected father but the difference was not significant (χ2 = 0.63 on 1 df, p = 0.43). 

With reference age fitted as a continuous variable, a significant decrease in the OR 

with increasing reference age of the proband was seen for men with an affected father 

and for men with at least one affected brother. There was more than a six-fold 

increase in the risk of prostate cancer for men with more than one affected brother. 

Risk more than a trebled for each additional affected brother and decreased with 

increasing reference age. 

Logistic regression showed that the proportion of cases reporting an affected father or 

an affected brother decreased with increasing reference age of the case. There was no 

trend in the proportion of controls reporting an affected father but the proportion of 

controls with an affected brother increased with reference age of the control. 

The proportion of controls in the 60-64 year age group reporting an affected father 

was lower than in the other age groups (Table 6.2). When the ORs for the risks 

associated with having an affected father were calculated for the separate age groups 

the decreasing trend across the age groups was significant but not monotonic (p = 

0.04) 

 



 

125 

Table 6.2 Proportion of affected first-degree relatives reported by all 
participants and ORs associated with having an affected relative 

Relatives affected Cases  Controls  OR (95% CI) 
≥1 first degree  232 (15.7%) 85 (6.0%) 3.1 (2.4 – 4.0) 

<55 57/238 (23.6%) 16/271 (5.9%) 5.2 (2.79 – 9.5) 
55 – 59 74/412 (18.0%) 24/309 (7.8%) 2.7 (1.65 – 4.5) 
60 – 64 47/365 (12.9%) 20/417 (4.8%) 3.0 (1.75 – 5.3) 
65 – 69 54/460 (11.7%) 25/410 (6.1%) 1.9 (1.16 – 3.2) 
p trend   0.016 

>1 first deg relative 32 (2.5%) 5 (0.4%) 7.1 (2.8 – 18.4) 
Age trend   0.019 

Increase in risk for each additional affected relative 4.1 (1.5 – 11.5)  
p trend   0.016 

Father  163 (11.1%) 63 (4.5%) 3.0 (2.2 – 4.0) 
<55 46 (19.3%) 15 (5.5%) 4.6 (2.4 – 8.7) 
55 – 59 58 (14.1%) 19 (6.2%) 2.7 (1.6 – 4.8) 
60 – 64 28 (7.7%) 12 (2.9%) 3.0 (1.5 – 5.9) 
65 – 69 31 (6.7%) 17 (4.1%) 1.7 (0.9 – 3.1) 
p trend   0.024 

Brother  92 (6.2%) 25 (1.8%) 4.0 (2.5 – 6.2) 
<55 13 (5.5%) 1 (0.4%) 12.7 (1.8 – 84.5) 
55 – 59 27 (6.6%) 5 (1.6%) 4.8 (1.8 – 13.0) 
60 – 64 26 (7.1%) 9 (2.2%) 3.8 (1.7 – 8.3) 
65 – 69 26 (5.7%) 10 (2.4%) 2.3 (1.0 – 5.0) 
p trend   0.032 

>1 brother 11 (0.8%) 2 (0.1%) 6.1 (1.4 – 27.8) 
p trend   0.103 

Increase in risk for each additional affected brother 3.4 (2.3 – 5.2) 
p trend 0.021 

 

 

First-degree relatives and uncles for participants interviewed after September 
1995 

Table 6.3 shows the results of the analyses for men interviewed after September 1995 

for whom there was information about their uncles as well as first-degree relatives. 

Again, cases and controls differed in the proportions reporting prostate cancer in a 

relative (χ2= 95.6, p < 0.001).  

For the men asked about their uncles, the mean age of cases reporting an affected 

first-degree relative or uncle was 58.7 and for controls was 59.7 years but, as was 
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observed for first-degree relatives only, the difference was not significant (χ2 = 0.80 

on 1 df, p = 0.37). Cases with an affected relative had a lower mean age than cases 

without affected relatives (58.7 versus 60.9 years, p = 0.0001) but there was no 

significant difference in the age of controls with or without affected relatives (59.7 

versus 60.1 years, p = 0.27). 

The risk of prostate cancer was increased 3.7-fold for men with an affected first-

degree relative or uncle but there was no evidence of a significant decreasing trend in 

the OR with increasing reference age of the proband. Around 12% (27/233) of cases 

and 4% (3/78) of controls who reported at least one affected first-degree relative or 

uncle had both first-degree relatives and uncles affected. For these men, the risk of 

prostate cancer was 11.8 times that of men with no affected relatives. After allowing 

for the effect of an affected first-degree relative, there was a three-fold increase in risk 

associated with having an uncle affected.  

The risk of prostate cancer was similar if the father’s or mother’s side of the family 

only was affected (Table 6.3). There was no trend in the OR with reference age of the 

proband and the risk was not substantially altered if affected brothers were included or 

excluded from the analysis. For men with only the paternal side affected, the OR was 

significantly elevated at all ages. If only the maternal side was affected, the OR was 

significantly elevated only for younger men but there were fewer affected relatives 

available for this analysis. 
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Table 6.3 Proportion of affected first-degree relatives and uncles and ORs 
associated with having an affected relative (men asked about uncles) 

Relatives affected with 
prostate cancer 

Case families 
(n = 981) 

Control families
(n = 1002) 

Odds Ratio 
(95% CI) 

First-degree relative or uncle 233 (23.8%) 78 (7.8%) 3.7 (2.8 – 4.9) 
<55  61/186 (32.8%) 23/222 (10.4%) 3.7 (2.1 – 6.4) 
55 – 59 76/303 (25.1%) 19/233 (8.2%) 3.7 (2.1 – 6.5) 
60 – 64 50/236 (21.2%) 14/275 (5.1%) 5.0 (2.7 – 9.5) 
65 – 69 46/256 (18.0%) 22/272 (8.1%) 2.4 (1.4 – 4.3) 
p trend   p = 0.246 

First-degree relative(s) only  
p trend 

158 (16.1%) 55 (5.5%) 3.6 (2.6 – 5.0) 
p = 0.560 

Uncle (Adjusted for affected first-
degree relative) 
p trend 

75 (7.7%) 23 (2.3%) 3.0 (1.8 – 5.2)  
p= 0.462 

Uncle only affected 
p trend 

48 (4.9%) 20 (2.0%) 3.0 (1.8 – 5.2)  
p=0.511 

1° relative(s) & uncle(s)  
p trend 27 (2.8%) 3 (0.3%) 11.8 (3.5 – 39.0)  

p=0.728 
Father’s side only affected    

Brothers included 194 (19.8%) 65 (6.5%) 3.7 (2.8 – 5.0) 
<55 45 (24.2%) 18 (8.1%) 3.5 (1.9 – 6.5) 
55 – 59 63 (20.8%) 19 (8.2%) 3.1 (1.8 – 5.4) 
60 – 64 41 (17.4%) 11 (4.0%) 5.4 (2.6 – 11.0) 
65 – 69 45 (17.6%) 17 (6.3%) 3.1 (1.7 – 5.7) 

p trend   p = 0.547 
Brothers excluded 152 (15.5%) 49 (4.9%) 3.9 (2.8 – 5.5) 

<55 44 (23.7%) 17 (7.7%) 3.7 (2.0 – 7.0) 
55 – 59 55 (18.2%) 15 (6.4%) 3.5 (1.9 – 6.5) 
60 – 64 27 (11.4%) 7 (2.5%) 5.2 (2.2 – 12.2) 
65 – 69 26 (10.2%) 10 (3.6%) 3.2 (1.5 – 6.0) 

p trend   p = 0.527 
Mother’s side only affected    

Brothers included 106 (10.8%) 30 (3.0%) 3.4 (1.8 – 6.4) 
<55  22 (11.8%) 6 (2.7%) 4.5 (1.8 – 11.0) 
55 – 59 34 (11.2%) 4 (1.7%) 8.3 (2.7 – 25.0) 
60 – 64 28 (11.7%) 8 (2.9%) 5.1 (2.2 – 11.6) 
65 – 69 22 (8.6%) 12 (4.4%) 2.0 (0.9 – 4.3) 

p trend   p = 0.134 
Brothers excluded 39 (4.0%) 13 (1.3%) 3.8 (2.0 – 7.2) 

<55 16 (8.6%) 5 (2.3%) 4.1 (1.5 – 11.0) 
55 – 59 13 (4.3%) – – 
60 – 64 9 (3.8%) 3 (1.1%) 3.8 (1.0 – 13.8) 
65 – 69 1 (0.4%) 5 (1.8%) 0.2 (0.03 – 1.9) 

p trend   p = 0.103 
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Pre 1992 diagnoses in relatives 

First-degree relatives for all participants 

Table 6.4 shows details of the reported diagnoses made in relatives prior to 1992 

before the widespread use of PSA testing in Australia. The age groups shown are the 

reference age of the proband, not the age of the proband at the end of 1991. Eighty 

percent of the affected fathers but only 20% of the affected brothers were diagnosed 

prior to 1992. For all participants, most of the ORs were attenuated compared with 

those found with the previous analysis but the general pattern was similar. The 

greatest reduction in estimated OR was for men with affected brothers; no controls 

aged less than 55 years reported a brother diagnosed before 1992. Despite the 

reduction in magnitude, the OR associated with having an affected brother was still 

greater than for an affected father. The decreasing trend in the OR with reference age 

remained significant for men with an affected father but was not significant for men 

with at least one affected brother.  

First-degree relatives and uncles affected 

The results of the analyses for affected first-degree relatives and uncles diagnosed 

prior to 1992 were again similar to those including all diagnoses (Table 6.5). There 

was a substantial reduction from 11.8 to 4.7 in the OR associated with having both 

first-degree relatives and uncles affected. Only eight of the 27 cases with an affected 

first-degree relative and uncle were available for this analysis. The OR for men with 

affected relatives only on the mother’s side of the family was somewhat higher than 

for men who had affected relatives on the father’s side only but, because of low 

numbers of affected maternal uncles, the results were significantly elevated in the 

individual age groups only for men with affected paternal relatives. 
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Table 6.4 Proportion of affected first-degree relatives diagnosed before 1992 and 
ORs associated with having an affected relative diagnosed before 1992 

Relatives affected Cases (n=1475) Controls (n=1407) OR (95% CI) 
≥1 first degree  143/1475 (6.7%) 54/1407 (3.8%) 2.8 (2.0 – 3.9) 

<55 30/238 (12.6%) 9/271 (3.3%) 4.8 (2.1 – 10.9) 
55 – 59 49/412 (11.9%) 14/309 (4.5%) 3.1 (1.6 – 5.7) 
60 – 64 28/365 (7.7%) 12/417 (2.9%) 2.8 (1.4 – 5.6) 
65 – 69 36/460 (7.8%) 19/410 (4.6%) 1.7 (0.9 – 3.0) 
p trend   p=0.060 

>1 first deg relative 8/1475 (0.5%) 1/1407 (0.1%) 7.7 (1.0 – 61.4) 
p trend   p=0.363 

Increase in risk for each additional affected relative 2.7 (2.0 – 3.7) 
Age trend p=0.027 

Father  131 (8.9%) 49 (3.5%) 2.8 (2.0 – 4.0) 
<55 29 (12.2%) 9 (3.3%) 4.6 (2.0 – 10.5) 
55 – 59 47 (11.4%) 12 (3.9%) 3.4 (1.7 – 6.6) 
60 – 64 25 (6.9%) 11 (2.6%) 2.7 (1.3 – 5.6) 
65 – 69 30 (6.5%) 17 (3.5%) 1.6 (0.9 – 3.0) 
p trend   p = 0.045 

Brother 19 (1.3%) 6 (0.4%) 3.2 (1.3 – 8.0) 
<55 2 (0.8%) - - 
55 – 59 4 (1.0%) 2 (0.7%) 2.0 (0.4 – 10.2) 
60 – 64 6 (1.6%) 2 (0.5%) 3.5 (0.7 – 16.7) 
65 – 69 7 (1.5%) 2 (0.5%) 2.7 (0.5 – 14.1) 
p trend   p = 0.743 

 



 

130 

Table 6.5 Proportion of affected first-degree relatives and uncles diagnosed 
before 1992 and ORs associated with having an affected relative  

Relatives affected with 
prostate cancer 

Case families  
(n = 981) 

Control families
(n = 1002) 

Odds Ratio 
(95% CI) 

Any first-degree relative or 
uncle 

148 (15.1%) 45 (4.5%) 3.8 (2.7 – 5.4) 

<55 32 (17.2%) 13 (5.9%) 3.1 (1.6 – 6.1) 
55 – 59 51 (16.8%) 10 (4.3%) 4.5 (2.2 – 9.3) 
60 – 64 33 (14.0%) 8 (2.9%) 5.2 (2.3 – 11.4) 
65 – 69 32 (12.5%) 11 (5.1%) 2.6 (1.3 – 5.0) 
p trend   p = 0.642 

First-degree relative(s) only 
p trend 

99 (10.6%) 30 (3.0%) 3.8 (2.5 – 5.8) 
p = 0.495 

Uncle (Risk estimate adjusted for 
an affected first-degree relative) 

49 (5.0%) 15 (1.5%) 3.6 (1.9 – 6.6) 

Uncle only affected 
p trend 

41 (4.2%) 13 (1.3%) 3.6 (1.9 – 6.8) 
p=0.884 

1° relative(s) & uncle(s)  
p trend 

8 (0.8%) 2 (0.2%) 4.7 (1.0 – 22.2)  
p = 0.343 

Father’s side only affected    
Brothers included 119 (12.1%) 37 (3.7%) 3.7 (2.5 – 5.4) 

<55 23 (12.4%) 10 (4.5%) 3.2 (1.4 – 7.2) 
55 – 59 40 (13.2%) 10 (4.3%) 3.6 (1.7 – 7.5) 
60 – 64 25 (10.6%) 6 (2.2%) 5.2 (2.1 – 12.8) 
65 – 69 31 (12.1%) 11 (4.0%) 3.2 (1.5 – 6.7) 

p trend   p = 0.939 
Brothers excluded 115 (11.7%) 34 (3.4%) 3.9 (2.6 – 5.8) 

<55 24 10 3.2 (1.4 – 7.3) 
55 – 59 41 8 4.6 (2.1 – 10.2) 
60 – 64 25 6 5.2 (2.1 – 12.7) 
65 – 69 25 10 2.9 (1.3 – 6.3) 
p trend   p = 0.777 

Mother’s side only affected    
Brothers included 41 (4.2%) 12 (1.2%) 3.9 (2.9 – 7.5) 

<55  9 (4.8%) 3 (1.4%) 3.0 (0.9 – 9.6) 
55 – 59 13 (4.3%) 2 (0.9%) 5.8 (1.2 – 27.2) 
60 – 64 12 (5.1%) 3 (1.1%) 4.9 (1.4 – 17.6) 
65 – 69 7 (2.7%) 4 (1.5%) 1.7 (0.5 – 5.9) 

p trend   p = 0.522 
Brothers excluded  29 (3.0%) 8 (0.8%) 4.2 (1.9 – 9.3) 

<55 9 (4.8%) 3 (1.4%) 2.9 (1.9 – 9.4) 
55 – 59 11 (3.6%) - - 
60 – 64 8 (3.4%) 2 (0.7%) 4.8 (1.0 – 22.4) 
65 – 69 1 (0.4%) 3 (1.1%) 0.3 (0.04 – 3.1) 

p trend   p = 0.196 
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Post 1991 diagnoses in relatives 

First-degree relatives for all participants 

Results for this analysis are presented in Table 6.6. The risk of prostate cancer was 

significantly elevated if at least one first-degree relative was affected but there was no 

decreasing trend in the OR with increasing reference age of the proband. As expected, 

the OR if a brother was affected was substantially higher than if the father was 

affected; 80% of the affected fathers were excluded from this analysis.  

 

Table 6.6 Proportion of affected first-degree relatives diagnosed since 1991 and 
ORs associated with having an affected relative 

Relatives affected Cases (n=1475) Controls (n=1407) OR (95% CI) 
≥1 first degree  105/1475 (7.1%) 33/1407 (2.4%) 3.3 (2.2 – 5.0) 

<55 28/238 (11.8%) 7/271 (2.6%) 4.7 (2.2 – 12.6) 
55 – 59 33/412 (8.0%) 10/309 (3.2%) 2.5 (1.3 – 5.5) 
60 – 64 24/365 (6.6%) 8/417 (1.9%) 3.8 (1.6 – 8.2) 
65 – 69 20/460 (4.4%) 8/410 (2.0%) 2.2 (1.0 – 5.2) 
p trend   p = 0.141 

>1 first deg relative 10 (0.7%) 2 (0.2%) 5.2 (1.1 – 23.8)  
p trend   p=0.126 

Increase in risk for each additional affected relative 2.9 (2.0 – 4.3) 
p trend p=0.000 

Father  32 (2.2%) 14 (1.0%) 2.6 (1.4 – 5.0) 
<55 17 (7.1%) 6 (2.2%) 3.5 (1.4 – 8.7) 
55 – 59 11 (2.7%) 7 (2.3%) 1.2 (0.4 – 3.2) 
60 – 64 3 (0.8%) 1 (0.2%) 4.0 (0.4 – 42.3) 
65 – 69 1 (0.2%) - - 

p trend   p = 0.339 
Brother 74 (5.0%) 19 (1.4%) 3.9 (2.4 – 6.6) 

<55 11 (4.6%) 1 (0.4%) 10.0 (1.5 – 67.0) 
55 – 59 23 (5.6%) 3 (1.0%) 6.2 (1.8 – 21.6) 
60 – 64 21 (5.8%) 7 (1.7%) 3.8 (1.6 – 9.1) 
65 – 69 19 (4.1%) 8 (2.0%) 2.1 (0.9 – 5.0) 

Age trend   p = 0.340 
>1 brother 9 (0.6%) 2 (0.1%) 4.6 (1.0 – 21.5) 

p trend   p=0.134 
Increase in risk for each additional affected brother 3.3 (2.1 – 5.3) 

p trend p=0.014 
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First-degree relatives and uncles affected 

For men with information about their uncles, those with affected first-degree relatives 

or uncles showed a four-fold increase in the risk of prostate cancer (Table 6.7). There 

was no trend in the OR by reference age group of the proband. The OR if the maternal 

side only was affected was similar to that for the paternal side only affected but only 

36% of diagnoses in fathers or uncles were available for this analysis. 
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Table 6.7 Proportion of affected first-degree relatives and uncles diagnosed since 
1991 and ORs associated with having an affected relative 

Relatives affected with 
prostate cancer 

Case families  
(n = 981) 

Control families
(n = 1002) 

Odds Ratio 
(95% CI) 

Any first-degree relative or 
uncle 115 (11.7%) 32 (3.2%) 4.1 (2.7 – 6.1) 

<55 38 (20.4%) 10 (4.5%) 4.5 (2.2 – 9.3) 
55 – 59 37 (12.2%) 9 (3.9%) 3.4 (1.6 – 7.4) 
60 – 64 23 (9.8%) 6 (2.2%) 5.2 (2.0 – 13.7) 
65 – 69 17 (6.6%) 7 (2.6%) 2.7 (1.0 – 6.8) 
p trend   0.232 

First-degree relative(s) only 
p trend 

92 (9.4%) 26 (2.6%) 4.0 (2.6 – 6.3)  
0.376 

Uncle (Risk estimate adjusted 
for an affected first-degree 
relative) 

23 (2.3%) 9 (0.6%) 4.5 (1.8 – 11.2)  
p=0.335 

Uncle only affected   4.6 (1.8 – 11.4) 
1° relative(s) & uncle(s)  

p trend 5 (0.5%) 1 (0.1%) 5.9 (0.7 – 50.0)  
trend not avail 

Father’s side only affected   
Brothers included 104 (10.6%) 28 (2.8%) 4.2 (2.8 – 6.5) 

<55 30 (16.1%) 8 (3.6%) 4.3 (2.0 – 9.6) 
55 – 59 35 (11.6%) 9 (2.6%) 3.2 (1.5 – 7.0 
60 - 64 22 (9.3%) 5 (1.8%) 6.2 (2.2 – 17.7) 
65 - 69 17 (6.6%) 6 (2.2%) 3.0 (1.1 – 8.0) 

Age trend   0.260 
Brothers excluded 46 (4.7%) 15 (1.5%) 3.6 (2.0 – 6.6) 

<55 24 (12.9) 7 (3.2%) 4.0 (1.7 – 9.5) 
55 – 59 17 (5.6%) 7 (3.0%) 2.0 (0.8 – 5.0) 
60 - 64 4 (1.7%) 1 (0.4%) 5.7 (0.6 – 57.3) 
65 - 69 1 (0.4%) - – 
p trend   0.271 

Mother’s side only affected   
Brothers included 74 (7.5%) 17 (1.7%) 4.9 (2.9 – 8.3) 

<55 16 (8.6%) 3 (1.4%) 6.0 (1.8 – 19.6) 
55 – 59 22 (7.3%) 2 (0.9%) 10.0 (2.2 – 46.3) 
60 - 64 20 (8.5%) 5 (1.8%) 5.4 (1.9 – 15.2) 
65 - 69 16 (6.3%) 7 (2.6%) 2.5 (1.0 – 6.5) 
p trend   0.134 

Brothers excluded 11 (1.2%) 4 3.3 (1.0 – 10.3) 
<55 8 (4.2%) 2 4.8 (1.0 – 21.9) 
55 – 59 2 (0.7%) – – 
60 - 64 1 (0.4%) 1 1.3 (0.1 – 19.2) 
65 - 69 – 1 – 
p trend   0.467 
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Tumour grade and stage 

The grade of the tumour was available for all cases. Table 6.8 shows the distribution 

of the grade and the stage of the tumour at diagnosis of the cases according to type of 

family history reported. Among cases, 82.0% had moderate-grade tumours. Staging 

information was available for 1408 cases (95.5%) and 70.7% had disease that had not 

spread beyond the prostate.  

 

Table 6.8 Number of cases (%) by grade and stage at diagnosis according to type 
of family history of prostate cancer 

 Family type  

Grade Non-familial Familial HPC Total 

Moderate 968 (80.0) 204 (16.9) 37 (3.1) 1209 

High 225 (84.6) 32 (12.0) 9 (3.4) 266 

Total 1193 (80.9) 236 (16.0) 46 (3.1) 1475 

Stage group     

Incidental 252 (75.5) 63 (18.9) 19 (5.7) 334 

Organ confined 530 (80.1) 114 (17.2) 18 (2.7) 662 

Local invasion 263 (84.3) 41 (13.1) 8 (2.6) 312 

Disseminated 86 (86.0) 13 (13.0) 1 (1.0) 100 

Total 1131 (80.3) 231 (16.4) 46 (3.3) 1408 

 

Compared to men without a family history of prostate cancer, men with a family 

history were more likely to be diagnosed with moderate grade than high-grade disease 

in each of the time periods (Table 6.9). The trend toward diagnosis of moderate grade 

tumours in men with affected relatives was significant for all analyses but the 

differences between moderate- and high-grade disease risks were not statistically 

significant (all p > 0.11). Comparing the analyses based on relatives diagnosed prior 

to 1992 with those using all reported diagnoses, the largest changes were observed for 

brothers. Men with an affected brother diagnosed before 1992 were less likely to be 

diagnosed with either moderate or high-grade disease while the OR associated with 

having an affected father showed little change. For men with a relative diagnosed 

after 1991, the OR for men with an affected brother was similar to that when all 
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relatives were included but for those with an affected father the ORs were a little 

lower.  

 

Table 6.9 ORs for diagnosis with moderate and high-grade disease for men with 
a family history of prostate cancer (n affected) 

 ≥ first-degree relative Father Brother 
All relatives     
Moderate-grade  3.18 (2.43 – 4.16) 3.10 (2.27 – 4.22) 4.16 (2.63 – 6.58) 

(n) (198) (141) (78) 
High-grade  2.50 (1.63 – 3.83) 2.30 (1.38 – 3.84) 3.17 (1.62 – 6.20) 

(n) (34) (22) (14) 
Relatives diagnosed prior to 1992   
Moderate-grade  2.87 (2.06 – 3.99) 2.91 (2.06 – 4.11) 3.34 (1.30 – 8.56) 

(n) (121) (111) (16) 
High-grade  2.41 (1.44 – 4.05) 2.46 (1.43 – 4.22) 2.60 (0.64 – 10.53) 

(n) (22) (20) (3) 
Relatives diagnosed after 1991   
Moderate-grade  3.61 (2.41 – 5.43) 2.90 (1.52 – 5.52) 4.13 (2.46 – 6.95) 

(n) (93) (30) (63) 
High-grade  2.16 (1.10 – 4.23) 1.06 (0.24 – 4.75) 3.08 (1.45 – 6.56) 

(n) (12) (2) (11) 

 

Men with a prostate cancer family history were more likely to be diagnosed with 

earlier-stage disease (Table 6.10) and the trend towards diagnosis with less advanced 

disease was significant for all analyses except for men with brothers diagnosed before 

1992. Compared with the analysis based on all relatives reported with prostate cancer, 

three of the four ORs for first-degree relatives were lower when the relatives 

diagnosed after 1992 were excluded, whereas three of the four ORs were correspondingly

higher when only the relatives diagnosed after 1991 were included. Fpr brothers, two out 

of three ORs were reduced when the brothers diagnosed after 1992 were excluded, and 

two out of four ORs were higher for the later diagnoses. 
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Table 6.10 ORs for diagnosis with incidental, organ confined, localised and 
disseminated disease for men with a family history of prostate cancer (n affected) 

 ≥ first-degree relative Father Brother 
All relatives     
Incidental  4.11 (2.90 – 5.83) 3.77 (2.51 – 5.68) 5.89 (3.89 – 10.22) 

(n) (67) (45) (29) 
Organ confined  3.03 (2.23 – 4.11) 3.07 (2.16 – 4.37) 3.70 (2.212 – 6.20) 

(n) (103) (76) (38) 
Localised 2.81 (1.92 – 4.13) 2.38 (1.49 –3.80) 4.28 (2.37 – 7.72) 

(n) (46) (28) (22) 
Disseminated 1.93 (0.99 – 3.76) 2.35 (1.16 – 4.76) 1.22 (0.28 – 5.22) 

(n) (11) (10) (2) 
p for trend < 0.005 < 0.005 < 0.005 
Relatives diagnosed prior to 1992  
Incidental  3.42 (2.22 – 5.26) 3.88 (2.15 – 5.32) 4.61 (1.48 – 14.41) 

(n) (39) (35) (6) 
Organ confined  2.80 (1.92 – 4.08) 2.95 (2.00 – 4.36) 2.69 (0.90 – 8.04) 

(n) (64) (61) (7) 
Localised 2.54 (1.58 – 4.09) 2.32 (1.39 – 3.88) 4.53 (1.45 – 14.18) 

(n) (28) (23) (6) 
Disseminated 2.21 (1.02 – 4.79) 2.43 (1.12 – 5.29) – 

(n) (8) (8) (0) 
p trend < 0.005 < 0.005 0.055 
Relatives diagnosed after 1991  
Incidental  4.79 (2.91 – 7.89) 3.66 (1.59 – 8.40) 5.64 (3.03 – 10.94) 

(n) (33) (10) (23) 
Organ confined  3.28 (2.08 – 5.18) 2.61 (1.24 – 5.47) 3.79 (2.13 – 6.74) 

(n) (47) (15) (32) 
Localised 3.23 (1.84 – 5.68) 2.12 (0.75 – 6.00) 3.96 (2.01 – 7.81) 

(n) (21) (5) (16) 
Disseminated 1.25 (0.38 – 4.16) 1.86 (0.41 – 8.41) 1.49 (0.34 – 6.51) 

(n) (3) (2) (2) 
p trend < 0.005 < 0.005 0.029 

 

Summary and discussion of case-control analyses 

Cases were more likely to report a history of prostate cancer in first-degree relatives 

and uncles than were controls. The similarity of the mean number of first-degree 

relatives reported by cases and controls suggests that there was unlikely to be a 

differential bias in these reports but does not rule out the possibility of differential 
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recall of affected relatives by cases and controls. Case-control differences in the 

number of uncles reported might indicate that controls were less likely to have any 

information about these more distant relatives and may thus have under-reported 

affected uncles. Alternatively, cases may have sought out or been given information 

about other affected family members. Chapter 5 discusses reporting and verification 

differences between cases and controls for first-degree relatives and uncles. 

An increase in the risk of prostate cancer was associated with a family history of the 

disease and was higher for younger men with any affected relative and for men with 

more than one affected relative. These results are similar to earlier studies both in the 

magnitude of the ORs and in the finding that a family history of prostate cancer was 

more common for younger cases (73,74,84,116) and the risk of prostate cancer 

increased with an increasing number of affected relatives (40,73,99).  

When the reference age was grouped into categories, the decreasing trend in the OR 

with the reference age of the proband was not monotonic. This appeared to be due to a 

lower than anticipated proportion of affected control relatives, notably fathers, in the 

60-64 age group. Reasons for this are difficult to find as it cannot be explained by 

lower PSA testing rates among men in this age group. One would expect that the 

proportion of controls reporting affected relatives might remain constant with age or 

perhaps increase a little due to an increased risk of diagnosis of brothers as they age. 

While not significant, the risk of developing prostate cancer was higher for men with 

an affected brother than for men with an affected father. Such a finding might be 

explained by higher PSA testing rates in men whose brothers had been diagnosed with 

prostate cancer but similar findings have been reported from studies conducted in the 

1980s to early 1990s before the PSA-driven increases in prostate cancer incidence 

(40,63,72,74,116). This suggests that the magnitude of the increased risks have 

remained relatively stable over that time despite the rapid changes in prostate cancer 

incidence.  

There were differences in the mean number of maternal and paternal uncles reported 

by case and control participants (see Table 8.1) but the magnitude of the increased 

risks were similar for men with either the maternal or paternal side only of the family 

affected. If genetic factors are invoked to explain prostate cancer risk, germline 

susceptibility mutations carried by either parent could be transmitted to any or all of 
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their offspring. Thus maternal or paternal transmission of risk could both affect sons. 

Results with and without brothers included were similar for either the maternal and 

paternal side only being affected, indicating that neither dominant nor X-linked 

inheritance was preferentially supported by these data. 

PSA testing in Australia 

Like other Western countries, the incidence of prostate cancer in Australia increased 

dramatically in the early 1990s (137) after the introduction and widespread use of 

PSA testing (138). During the course of the study the incidence of prostate cancer 

increased rapidly as a result of widespread PSA testing (138,9) and, in relative terms, 

these increases were greatest in men under the age of 60 years (138).  

Between 1992 and 1996, over 40% of Australian men aged 60 years and over had a 

PSA test reimbursed by Medicare (9). Between 1994 and 1998, PSA testing rates rose 

from 4987 to 6556 per 100,000 males. In each year during this period, men aged 65 to 

74 years had the highest rate of PSA testing, but the greatest relative increases were in 

men aged younger than age 55 years (9) (and data from HIC website www.hic.gov.au 

accessed July 2003).  

Between 1983 and 1991, there were small annual increases in prostate cancer 

incidence and these increases were fairly consistent across age groups. In line with the 

increase in PSA testing rates, prostate cancer incidence rates increased by 56% 

between 1992 and 1994. The age-specific incidence rate more than doubled in men 

aged 40-59 years but more modest rises were seen in men aged over 60. From 1994 to 

1999, the overall incidence rates decreased relative to the 1994 rates; the rate of 

increase in men aged less than 55 years slowed and the rates of decrease were similar 

for all age groups over 60. 

A family history of prostate cancer has been associated with PSA testing in Australia 

(12). Increases in PSA testing and prostate cancer incidence could result in a higher 

proportion of cases reporting affected relatives that would in turn alter the strength of 

the association between family history and prostate cancer risk.  

PSA testing could have influenced the observed association with family history, 

particularly in regard to brothers or younger relatives. The evidence with respect to 

this possibility is only suggestive. In an attempt to examine the impact of PSA testing, 

comparisons were made between analyses of cases in relatives diagnosed prior to 
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1992 with those diagnosed since 1991. When the analyses were based only on 

relatives diagnosed before 1992, the OR for an affected brother was closer to that for 

an affected father. The OR for men with an affected father diagnosed before 1992 

changed little from the overall estimate, but the OR for men with an affected brother 

showed a larger reduction and the decreasing trend with age was not significant. Thus 

PSA-testing appears to have had a greater impact on the OR associated with having an 

affected brother than an affected father. It is brothers of affected men who would be 

more likely to have sought PSA testing because of a family history of prostate cancer 

but there is no easy way to identify the diagnoses that would have been made in the 

absence of PSA testing and that should be included in the risk calculations. Most 

younger brothers were diagnosed after 1991 and were excluded from the pre-1992 

analysis. This will have the effect of reducing the ORs for the younger brothers and 

have a greater impact on diagnoses for younger brothers and thus affect the estimates 

of the trend with age for the later diagnosis period.  

PSA testing could also have led to the diagnosis of prostate cancers that would not 

previously have occurred within a man’s lifetime and thus have altered the definition 

of a family history of the disease. The ORs from this study are comparable to those 

from studies conducted before widespread PSA test use. This is perhaps not 

unexpected as a global change in the definition of prostate cancer as a disease could 

lead to a higher proportion of both cases and controls reporting affected relatives with 

little overall change in familial risk. 

The decrease in the OR with increasing age of the proband may be partly explained by 

greater recall in younger cases who were likely to be better informed about prostate 

cancer in the family and have more living relatives in whom a diagnosis could be 

confirmed by the family members. Despite the fact that this study was restricted to 

men aged less than 70 years, only around 10% of fathers were still alive at the time 

the proband was interviewed. A higher rate of false negatives, especially for older 

relatives, could contribute to the observed decrease in risk with increasing age of the 

proband. False-negative reports could also arise if men were unaware of prostate 

cancer in their relatives who may have died many years ago, particularly if there was 

reluctance to discuss these matters in the family.  

It might be expected that the analyses based on the more recent diagnoses only would 

show a stronger age effect as they were based predominantly on diagnoses in brothers. 
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The decreasing trend in risk with age was weaker suggesting that, for men in this 

study, a family history of prostate cancer may have prompted investigations in other 

family members regardless of their age. 

Clinical and pathological features of familial prostate cancer 

Cases from families fitting the HPC criteria were diagnosed at an earlier stage and had 

lower grade disease than men with weaker or no family history of prostate cancer. The 

cases with more aggressive disease were those without a significant family history. 

Findings from other studies of the clinical or pathological features of prostate cancer 

in men with a family history of the disease have been inconsistent. The majority have 

found no differences in grade or stage between men with and without a family history 

of prostate cancer (106,134-136,139-145). Most of these studies included only cases 

undergoing radical prostatectomy who were more likely to have less-advanced stage 

disease as well as being younger and fitter than prostate cancer cases in general 

(106,139,140,142,144,145). Other studies have reported lower grade tumours 

(133,134,146,147) or earlier stage tumours (148,149) in men with a family history and 

these have included studies with a broader range of cases (146,147,149). One study 

found more advanced stage was associated with a family history of prostate cancer 

only for men diagnosed before the age of 60 years (135). Thus there is little evidence 

to support the hypothesis that familial prostate cancers have more aggressive 

behaviour or advance more rapidly than sporadic cancers. 

Earlier diagnosis, as evidenced by less-advanced stage at diagnosis, in men with a 

family history may be due to more frequent investigations for prostate cancer in these 

men. Men with a family history of prostate cancer might seek treatment or attend to 

urinary symptoms earlier than men without affected relatives but the cancers that are 

diagnosed do not appear to behave differently from prostate cancers in other men. 

PSA testing will also identify a number of less aggressive tumours that in the past 

would have remained latent. If a prostate cancer diagnosis in a family member 

prompts other men in the family to be tested, it is likely that a higher proportion of the 

men with familial disease will have lower grade and earlier stage tumours, thus 

diluting the effect of a family history as defined prior to the advent of PSA testing for 

prostate cancer diagnosis. 
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Summary 

Case-control analyses are a useful first step in elucidating risks but more information 

can be gained by also incorporating the age at which the relatives are affected. In the 

next chapter, the cohort of all affected and unaffected relatives will be used to 

investigate the joint effect of both the age at diagnosis of the affected relatives and the 

age of the relative at risk. 
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Chapter 7  

All-cause and prostate cancer-specific survival 

Introduction 

In this study, men with a family history of prostate cancer were more likely to be 

diagnosed younger, at an earlier stage and with lower grade tumours than men without 

affected relatives. Earlier stage and lower grade are generally associated with a better 

prognosis but if prostate cancers in men with a family history (familial prostate 

cancer) exhibit a different behaviour from sporadic cancers the survival prospects 

could be compromised. Survival is one of the most important features for defining the 

impact of a disease from both a personal and population perspective. Reducing 

mortality and improving survival of patients are major driving forces for most disease 

screening programs. Thus information about the survival prospects of men with 

familial prostate cancer is important for assessing whether screening programs should 

be developed specifically for men with affected relatives. 

Several studies have shown a higher risk of biochemical failure, defined as a rise in 

PSA levels, for men with a family history of prostate cancer (135,144) whereas others 

have found no difference in biochemical relapse free time (139,140,142,145,150). 

Biochemical failure heralds return of the disease following treatment and reduces the 

chance of prostate cancer survival. Survival following diagnosis has been reported to 

be no different for men with and without a family history (141,146,148). 

Follow-up was available for the 786 cases from the Melbourne arm of the study. Cox 

proportional hazards modelling was used to assess prostate cancer-specific survival 

and survival from causes other than prostate cancer for these men, stratified by their 

family history status, after taking into account the stage and grade of the tumour at 

diagnosis. The cases were grouped according to the strength of the family history they 

reported. Cases with a family history fitting the HPC criteria (106) formed one group, 

men with a family history of prostate cancer that did not fit the HPC criteria formed 

the ‘familial’ group and men with no affected relatives were classified as ‘sporadic’. 
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Survival in Victorian cases 

The date and cause of death were available for the 138 cases who had died before 

June 6, 2004. The median follow-up time was 7 years 10 months from diagnosis. 

Table 7.1 gives the breakdown of cause of death in those who had died. Prostate 

cancer was the cause of death in 63 of the cases. Staging information was missing for 

seven cases, six of whom were still alive and one who had died of a cancer other than 

prostate cancer.  

 

Table 7.1 Cause of death by age at diagnosis, grade and stage 

 Cause of death  

Age group Alive PC death Other Ca Non-cancer Not PC Total 

< 50  21 3 (13%) 0 0 0 24 
50 – 54 61 1 (2%) 1 0 1 64 
55 – 59 144 10 (6%) 5 7 0 166 
60 – 64 184 22 (10%) 6 10 2 224 
65 – 69 238 27 (9%) 6 28 9 308 
Grade       
Moderate 551 32 (5%) 15 28 6 632 
High 97 31 (20%) 3 17 6 154 
Stage       
Incidental 182 10 (5%) 1 11 1 205 
Organ confined 282 12 (4%) 13 13 3 323 
Localised 154 26 (13%) 2 16 7 205 
Disseminated 24 15 (33%) 1 5 1 46 

Total cases 648 63 (8%) 18 45 12 786 

PC – prostate cancer, Ca –cancer 

 

The overall all-cause five-year survival was 90.6% (95% CI 88.3% – 92.4%). The 

five-year cause specific survival was 94.4% (95% CI 92.4% – 95.7%).  

Results of the Cox modelling are shown in Table 7.2 for prostate cancer and for 

mortality from all causes other than prostate cancer. All analyses are adjusted for the 

age of the case at diagnosis even though the addition of this term did not produce a 

significant change in the log likelihood. The grade of the tumour and the stage at 

diagnosis were both significant predictors of death from prostate cancer in these men. 

Higher grade and more advanced stage were both associated with poorer survival. A 
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model including grade and stage showed that both were independent predictors of 

survival (results not shown).  

The strength of a family history of prostate cancer was not associated with an 

increased risk of death from the disease. None (0%) of the 26 cases fitting the HPC 

criteria had died of prostate cancer, 10 of the 110 familial cases (9.1%) had died of 

their disease and 53 of the 512 sporadic cases (10.4%) were prostate cancer deaths. 

Neither prostate cancer survival nor survival from death due to other causes differed 

for men with any family history of prostate cancer from that for men without a family 

history. 

Survival curves for prostate cancer deaths by grade, stage and type of family history 

are shown in Figure 7.1. 

 

Table 7.2 Hazard ratios (HR) with 95% confidence intervals (95% CI) for death 
due to prostate cancer (PC) and causes other than PC (Non-PC deaths) 

 n PC 
deaths HR (95% CI) Non-PC 

deaths HR (95% CI) 

Grade (adjusted for age at diagnosis)   
Moderate 632 32 1.0 49 1.0 
High 154 31 4.35 (2.64 – 7.18) 26 2.07 (1.28 – 3.35)

Total 786 63  75  
Stage (adjusted for age at diagnosis)   

Incidental 205 10 1.0 13 1.0 
Localised 323 12 0.77 (0.33 – 1.79) 29 1.51 (0.78 – 2.91)
Organ confined 205 26 2.74 (1.32 – 5.69) 25 2.02 (1.03 – 3.94)
Disseminated 46 15 8.75 (3.91 – 19.57) 7 3.25 (1.29 – 8.17)

Total 779 63  74  
Type of family history (adjusted for age at diagnosis, grade and stage) 

No family 
history 628 53 1.0 63 1.0 

Familial 131 10 1.13 (0.57 – 2.23) 11 1.06 (0.56 – 2.02)
HPC 27 0 – 1 0.47 (0.06 – 3.38)

Total 786 63  75  
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Figure 7.1 Survival of Victorian cases by grade of tumour, stage at diagnosis and 
type of family history 

 

Discussion 

Higher grade and advanced stage at diagnosis were predictors of mortality from 

prostate cancer and causes other than prostate cancer among these men. Results from 

Chapter 6 found that cases with a family history of prostate cancer were diagnosed at 

an earlier age, had lower grade disease and less advanced stage at diagnosis. There 

was no evidence that their survival was better or worse than for men with no family 

history of prostate cancer, before or after taking age, age, grade and stage at diagnosis 

into account. 

Three other studies of the survival of men with and without a family history of 

prostate cancer have also found no difference in either overall or cause-specific 

survival. After a median follow-up period of 17 years, men with a family history of 

prostate cancer aged less than 51 years at diagnosis had a somewhat better prognosis 

(p = 0.08) than patients without a family history (141). Another study, by the same 
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group of researchers, in which cases from families fitting the clinical criteria for HPC 

were compared with cases matched on year, age and hospital of diagnosis, found no 

significant differences between overall or cause-specific survival between the two 

groups even with 20 years of follow-up (148).  

The five-year all-cause and cause-specific survival in this study were considerably 

better than those observed in the other studies (141,146,148). Five-year all-cause 

survival in those studies was less than 70% and cause-specific survival less than 75%. 

The higher survival in this study may reflect earlier detection as a result of PSA 

testing in Australia leading to the detection of non-significant disease or advances in 

treatment of the disease. The Swedish studies were based on men diagnosed between 

1958 and 1994 (141,146,148) whereas all men in this study were diagnosed after 

1994. It will be of interest to reassess this issue with longer follow-up data.  

In summary, prognosis was no worse for men with affected relatives. Although 

familial prostate cancer has an earlier age at onset it does not appear to be associated 

with other clinical characteristics, including prognosis, that could help to distinguish it 

from disease in men without a family history. Given the limited length of follow-up 

and the small number of deaths that are reflected in the wide confidence intervals (e.g. 

0.56 – 2.02 for any family history versus no family history; see Table 7.2), we cannot 

exclude the existence of modest differences. 
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Chapter 8 

Prostate cancer risk for male relatives 

Introduction 

Cohort studies in epidemiology are generally longitudinal observational studies with 

entry to the cohort defined by a particular event such as birth, commencement in 

employment, first exposure to a hypothesised risk factor or recruitment into the study. 

Exposure experience is then viewed prospectively from entry into the cohort. Susser 

and Susser (112) have suggested an extension to this framework to conceptualise 

case-control studies of familial aggregation. The presence of disease in the case 

probands is regarded as an ‘exposure’ experienced by the relatives of the case 

proband. The absence of the disease in the control probands is regarded as absence of 

the exposure in their relatives. The Type II RR, that is the RR for relatives of an index 

case, is evaluated by comparing the occurrence of the disease in the case relatives 

with that in the control relatives.  

Within this framework, the temporal sequence usually required between exposure and 

disease does not apply. Entry to the cohort is defined as the date of birth of each 

relative but the family history exposure occurs with the diagnosis of prostate cancer in 

the case. If information is available about both unaffected and affected relatives, the 

relatives make up a cohort with a diagnosis of prostate cancer in the relative as the 

event of interest. Several standard analytical methods can be used to compare the 

disease experience of case and control relatives although they need to be adapted to 

accommodate the potential lack of independence between cohort members when two 

or more belong to the same family.  

Other studies have used this conceptual framework but have adopted different 

methods of analysis from those used in this chapter (49,50,56,70,87). Bratt et al. (56) 

and Gronberg et al. (50) calculated person-years at risk of prostate for relatives of the 

cases and compared the observed number of prostate cancers in these relatives with 

the number expected on the basis of the population incidence rates. Meikle and 
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Stanish (70) compared the cumulative risk of prostate cancer in case brothers with the 

population cumulative risk. Goldgar et al. (49) computed what they termed ‘familial 

relative risks’ by comparing the observed number of cancers in case relatives with the 

number expected in control groups chosen to match selected characteristics of the 

cases. Isaacs et al. (87) calculated person-years at risk for the relatives of men 

participating in a case-control study. The rate ratio was used to assess differences in 

the prostate cancer experience of case relatives and control relatives.  

Survival analysis methods offer an alternative for investigating differences between 

case and control relatives and also allow covariate terms that could influence the risk 

of prostate cancer in relatives to be included. These techniques were used to compare 

differences between case and control relatives in the time to diagnosis with prostate 

cancer. The disease status of the probands was treated as the ‘exposure’ experienced 

by the male relatives of the proband. Case relatives were considered to have been 

exposed to the genes or family environment relevant to the prostate cancer in the 

cases while control relatives will be classified as unexposed. The Type II RR of 

prostate cancer will be estimated for different relatives of the proband and the effects 

of the age at diagnosis of the case and the age at diagnosis of the relatives with 

prostate cancer will be investigated. An important secondary hypothesis of the study 

was to determine whether the risk of prostate cancer was increased for relatives of the 

cases aged less than 60 years at diagnosis. 

Grade and stage at diagnosis are both predictors of survival from prostate cancer. It is 

unclear from other studies whether a family history of prostate cancers is associated 

with specific clinical or pathological features of the disease (106,133-136,141-

145,147-151). Results have been inconsistent but have mainly found that familial 

prostate cancer is not associated with more advanced stage or higher grade at 

diagnosis. The relationship between a family history of prostate cancer and the grade 

and stage of the tumour at diagnosis will also be investigated by the strength of the 

family history as defined in the case-control analysis of chapter 6.  

Methods 

Participants  

The reconstructed cohort of male relatives was enumerated using the methods 

described by Susser and Susser (112). Information about both unaffected and affected 
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relatives was required for the entire cohort. Entry to the cohort was defined by the 

date of birth and the complete history from birth to either death, diagnosis with 

prostate cancer, or current age was determined for all parents, siblings and offspring 

of the cases and controls. For each relative, their age at the time of interview of the 

proband or their age at death if not still alive, their relationship to the proband and 

whether the proband in the family was a case or control were recorded. If the age of a 

relative was unknown, it was censored at 20 years. The age at diagnosis with prostate 

cancer was also noted for affected relatives. The grade and stage of the tumour at 

diagnosis of the case proband was recorded for case relatives. Both these variables 

were set to zero for relatives of controls. The case or control status of the proband was 

the exposure of interest and was positive for case relatives and negative for control 

relatives.  

Statistical methods  

Comparisons were made between the cases and controls in the total number of 

relatives reported, the proportions reported as having been diagnosed with prostate 

cancer and the age at diagnosis of the affected relatives. Differences in the number of 

relatives reported by the cases and controls were tested using the Wilcoxon rank sum 

statistic. This statistic does not take into account the dependence between members of 

the one family and thus could not be used for comparing the ages of case and control 

brothers and uncles. Comparisons between the ages of these relatives were made 

using regression techniques that included robust estimation of the standard errors 

(128). 

The cumulative risks of prostate cancer for relatives were estimated for each type of 

relative using the complement of the non-parametric product limit estimator (Kaplan-

Meier) to obtain failure rather than survival estimates. The observed cumulative risk 

of prostate cancer for relatives was plotted according to the case-control status of the 

proband. The prostate cancer-free interval was the time from birth to diagnosis with 

prostate cancer and was measured by the age at diagnosis of the affected relative. For 

unaffected relatives, the prostate cancer-free interval was censored at their age at the 

time of interview of the proband or their age at death.  

Separate cumulative risk functions for case relatives of a specified relationship to the 

proband were compared with the combined cumulative risk function for all control 
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relatives. The primary aim was to determine whether the risk of prostate cancer for 

case relatives differed from that of the general population represented by the control 

relatives. Because relatives were diagnosed over an extended calendar period and 

prostate cancer incidence rates were not constant over that period, the choice of which 

population incidences to use was not obvious. To overcome this problem, the 

cumulative risk function for all control relatives combined was used as an estimate of 

the risk of prostate cancer that reflected diagnosis over a calendar period that was 

comparable to that experienced by case relatives. This assumed that familial 

aggregation did not apply for control families. There were too few affected control 

relatives to obtain accurate estimates of the cumulative risk functions by the type of 

relationship to the proband. 

The RR of prostate cancer for male relatives of cases was modelled using Cox 

proportional hazards regression. The proportional hazards model can be written as  

 λ(t;x) = λ0(t) exp (βTx) (Equation 8.1) 

where λ(t;x) is the hazard function at time t for an individual with covariate vector x. 

λ0(t) is the baseline hazard at time t and is modified by a function of the covariates x. 

In Cox regression, the hazard function at time t is defined only at points where 

‘failure’ occurs rather than being defined as a continuous function in t (152). 

The model as written in Equation 8.1 implies that the ratio of the hazards for two 

individuals is constant over time provided the covariates are fixed. With failure-time 

defined as the age at diagnosis of the relative, the model assumes that the RR of 

prostate cancer for case relatives is constant across all ages at risk. Results from the 

meta-analysis presented in Chapter 3 indicated that this might not be the case.  

The risk of a relative being diagnosed with prostate cancer at a given age (the hazard 

function) was modelled as a function of the case-control status and the age at 

diagnosis of the proband. For case relatives of a specific type, the hazard function can 

thus be written as  

λ(t) = λ0(t) exp (β1 status + β2 age at diagnosis of the proband). 

For control relatives of the same type, the expression becomes simply λ(t) = λ0(t). The 

RR for the case relatives at age t is then given by 

RR = exp (β1 status + β2 age at diagnosis of the proband) 
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Thus changes in the RR with the age at diagnosis of the case can be modelled for 

relatives by setting the age at diagnosis of the control to zero.  

To investigate whether the RR varies with the age of the relative at risk requires either 

estimation of the risk for different age bands or relaxation of the proportional hazards 

assumption (153). The first approach was implemented by dividing the data into risk 

sets according to the age group of the relatives at risk. Separate baseline hazards were 

allowed to operate in each risk set but, within a risk set, the hazards were proportional 

and the model as written in Equation 8.1 applied.  

The second approach was implemented by incorporating time-varying covariates that 

allow the risks to vary with the current time. This was achieved by fitting a model that 

included an interaction term between case-control status and time such that: 

λ(t;x) = λ0(t) exp (β1 status + β2 age at diagnosis of the proband + β3 status*log (t-c)) 
 (Equation 8.2) 

where t is the current age of the relative and c is an arbitrary constant that centralises 

the estimates so that undesirable infinities do not occur (153).  

With the data divided into risk sets according to the age of the relative, the RR 

estimates can be obtained for each age group and are not constrained to a particular 

parametric model but trends in the RR across age groups are difficult to test as the risk 

sets are not independent. The first risk set will contain all relatives in the cohort and 

subsequent risk sets will contain ever-decreasing subsets of these relatives. Relatives 

will be removed from the risk sets either because they have not attained that age or 

they have been diagnosed with prostate cancer.  

The risk sets were divided into age bands according to the attained age of the relative 

at risk (<55, 55-59, 60-64, 65-69, 70-74 and 75+). The trends in the RR estimates by 

the age of the proband were obtained for each age-specific risk set and type of relative 

using Stata commands of the form:  

stcox status ccpage [if relative type== exp], cluster(family) 

where ccpage defines the age at diagnosis of the case and is zero for the control 

relatives. To account for the dependence between relatives within a family, the 

variance-covariance matrix was estimated using the empirical sandwich estimation 

method of Lin and Wei (1989) (128), based on marginal likelihood theory rather than 
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the conventional inverse information matrix. The expression cluster(family) specifies 

that empirical sandwich estimation is used for calculating the standard errors. 

The effect of the age of the relative at risk on the RR was investigated by including a 

time-varying covariate for the interaction of case-control status with the relative’s age 

using Stata commands of the form: 

stcox status ccpage [if relative type== exp], tvc(status) texp(_t-50) cluster(family)  

This analysis assumed that the time-varying covariate was a linear function of the 

relative’s age. Separate analyses were performed for each type of male relative except 

sons. Almost all sons were aged less than 50 years and none was reported as having 

prostate cancer. In addition, the RRs for relatives aged less than 60 years were 

compared with those for relatives over that age by defining a time-varying covariate 

that had value 1 when the relative was less than 60 years of age and zero otherwise. 

To perform this analysis, the option texp(_t-50) was replaced by texp(_t<60). 

Differences in the RR of prostate cancer for relatives of the cases diagnosed before 

the age of 60 years were explored using proportional hazards regression by 

dichotomising the case relatives according to whether the case had been diagnosed 

before the age of 60 years or later. 

The effect of PSA testing was investigated in a similar fashion to the case-control 

analysis presented in chapter 6. The RRs were first estimated based on the follow-up 

of the relatives truncated at the end of 1991 and then on follow-up from the beginning 

of 1992.  

The RR of prostate cancer in case relatives compared with control relatives was also 

determined in relation to the grade of the tumour and stage at diagnosis in the proband 

for all diagnoses, for diagnoses in the follow-up period to the end of 1991 and 

diagnoses in the follow-up period from the beginning of 1992. For these analyses the 

control relatives were the baseline comparison group.  

Results 

The reconstructed cohort of male relatives of cases consisted of 5200 first-degree 

relatives and 2544 uncles. The corresponding figures for control relatives were 4984 

and 1870. The characteristics of these relatives are given in Table 8.1. Cases and 

controls reported a similar number of first-degree relatives per family and this did not 



 

155 

differ for the 1983 men (981 cases, 1002 controls) interviewed after September 1995 

from whom information about uncles was obtained. The similarity of case and control 

reports of relatives did not extend to uncles. Cases reported more uncles per family 

than did controls (Wilcoxon rank sum test; p <0.0001). There were no differences 

within cases and controls in the number of maternal and paternal uncles reported. 

Age was unknown for 51.0% of the case uncles and 47.5% of the control uncles. The 

estimates of median ages are based only on relatives whose age was known. Five of 

the 3511 sons (1835 case sons and 1676 control sons) were aged over 50 years and 

none had been diagnosed with prostate cancer. The median age of case fathers did not 

differ from that of control fathers (Wilcoxon rank sum test p = 0.7) but case brothers 

were older than brothers of controls (p = 0.007). The median age of case uncles was 

greater than that of control uncles (p = 0.02). Maternal and paternal uncles of cases 

were similar in age (p = 0.27) but paternal uncles of controls were older than maternal 

uncles of controls (p = 0.04).  
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Table 8.1 Age group and relationship to proband of male relatives in the 
reconstructed cohort  
Relation Case relatives  Control relatives  
Fathers 

<50 
50-54 
55-59 
60-64 
65-69 
70-74 
75+ 
Unknown 

Median age of fathers 

1475  
118 

63 
91 

127 
160 
224 
641 

51 
73 

1406  
139  

50  
66  

109 
170 
181 
627 

64 
74 

Brothers 
<50 
50-54 
55-59 
60-64 
65-69 
70-74 
75+ 
Unknown 

Median age of brothers 

1890 
324 
264 
314 
353 
314 
175 

99 
47 
60 

1902 
380 
285 
327 
344 
276 
163 

69 
58 
59 

Sons 
<50 
50-54 

Median age of sons 

1767 
1765 

2 
33 

1585 
1582 

3 
32 

Number of first-degree relatives reported 5200 4984 
Mean number of first-degree male relatives per 
family (sd*) 3.5 (1.7) 3.5 (1.8) 

Maternal uncles 
<50 
50-54 
55-59 
60-64 
65-69 
70-74 
75+ 
Unknown 

Median age of maternal uncles 

1275 
60 
22 
27 
49 
65 

104 
334 
614 

75 

923 
66  
26 
28 
36 
67 
70 

214 
416 

71 
Mean number of maternal uncles per family (sd*) 1.3 (1.6) 0.92 (1.5) 
Paternal uncles 

<50 
50-54 
55-59 
60-64 
65-69 
70-74 
75+ 
Unknown 

Median age of paternal uncles 

1269 
76 
25 
35 
45 
48 
70 

287 
683 

74 

947 
57 
29 
17 
44 
47 
57 

223 
473 

74 
Mean number of paternal uncles per family (sd*) 1.3 (1.7) 0.95 (1.5) 
Total number of uncles 2544 1870 
Median age of all uncles 75 72 
Mean number of uncles per family (sd*) 2.6 (2.7) 1.9 (2.4) 

* sd = standard deviation 
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Prostate cancer was reported for 469 relatives. The age group at diagnosis for these 

relatives is shown in Table 8.2. Overall, the median age at diagnosis of prostate cancer 

for first-degree relatives of cases (69 years) was significantly younger than that for 

affected control relatives (72 years) (p = 0.02). Fathers of cases were younger at 

diagnosis than fathers of controls but the difference was not significant (Wilcoxon 

rank sum test p = 0.3). Brothers of cases were also younger at diagnosis than control 

brothers but again the difference was not significant (Wilcoxon rank sum test p = 

0.08). For uncles, the median ages at diagnosis were similar for case and control 

uncles (75.5 and 75 years respectively, Wilcoxon rank sum test p=0.4).  
 

Table 8.2 Number (%) of relatives diagnosed with prostate cancer by age group 
and relationship to the proband 

Relation Case relatives Control relatives 

Fathers 
50-54 
55-59 
60-64 
65-69 
70-74 
75+ 

Median age 

163 (11.1) 
1 (1.6) 
3 (3.3) 
6 (4.7) 
7 (4.4) 

31 (17.7) 
115 (51.3) 

75 

63 (4.5) 
1 (2.0) 
0 (–) 

2 (1.8) 
3 (1.8) 
3 (1.7) 

54 (8.6) 
77 

Brothers 
50-54 
55-59 
60-64 
65-69 
70-74 
75+ 

Median age 

104 (5.5) 
7(2.7) 

15(4.8) 
31 (8.8) 
25(8.0) 

19 (10.9) 
7 (7.0) 

62 

27 (2.9) 
1 (0.4) 
3 (0.9) 
2 (0.6) 

10 (3.6) 
8 (4.9) 
3 (4.3) 

66 
Maternal uncles 

50-54 
55-59 
60-64 
65-69 
70-74 
75+ 

Median age 

41 (3.2) 
0 (–) 
0 (–) 

2 (4.1) 
7 (10.8) 
8 (7.7) 

24 (7.2) 
74 

14 (1.5) 
0 (–) 
0 (–) 
0 (–) 

2 (3.0) 
3 (4.3) 
9 (4.2) 
76.5 

Paternal uncles 
50-54 
55-59 
60-64 
65-69 
70-74 
75+ 

Median age 

47 (3.7) 
0 (–) 
0 (–) 
0 (–) 

1 (2.1) 
8 (11.4) 

38 (13.2) 
76 

10 (1.1) 
0 (–) 

1 (5.9) 
0 (–) 
0 (–) 

2 (3.5) 
7 (3.1) 
74.5 
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Cumulative risk curves  

Cumulative risk curves for the observed time to diagnosis with prostate cancer of 

brothers, fathers and uncles of cases and for all control relatives combined are shown 

in Figure 8.1. The highest cumulative risk was seen for case brothers particularly for 

brothers younger than 75 years of age. The risk estimates for brothers aged over 80 

years are likely to be poorly estimated as there were few brothers beyond that age in 

the cohort. The cumulative risk for case fathers was higher than for uncles at all ages, 

and for case uncles, the cumulative risk was higher than for control relatives at any 

age.  

 

Figure 8.1 Cumulative risk curves showing the proportion of relatives diagnosed 
with prostate cancer by age  

 

Figure 8.2 shows the observed cumulative risk of prostate cancer for case relatives by 

the reference age group of the proband. For comparison purposes, the cumulative risk 

for control relatives is shown in each plot. Relatives of the probands aged less than 60 

years had a higher risk of prostate cancer than the relatives of older probands. 

Brothers of the cases aged less than 60 at diagnosis had the highest cumulative risk 

and it began to rise at an earlier age than for fathers or uncles of cases. The 

cumulative risks for case relatives decreased with increasing age at diagnosis of the 

case. The cumulative risk for case uncles was lower than for both types of first-degree 

relative.  
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Figure 8.2 The cumulative risk of prostate cancer by age group and relationship to the case compared with control relatives 
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Modelling 

Age-specific risk sets 

The Type II RRs of prostate cancer for the first-degree relatives of cases are shown in 

Table 8.3 for each age-specific risk set of relatives. The multiplicative RR for each 

additional affected male in the family is given in the final column. There was a 

decreasing trend in the RR with increasing age at diagnosis of the case but the trend 

was significant only for the relatives aged less than 60 years or more than 75 years. If 

the case was aged less than 55 years, the RRs showed a decrease with the age of the 

relative up to age 75 years. For relatives of the cases aged 55 or older, the RR 

decreased with increasing age of the relative but trends across the age of the relative 

could not be formally tested with this analysis because of lack of independence of the 

risk sets. With this method of analysis few of the RRs for the case relatives were 

significantly elevated as there fewer events in each category. The multiplicative effect 

of an additional affected relative was relatively consistent across the age groups for 

relatives at risk. 

 

Table 8.3 RR (95% CI) of prostate cancer for first-degree relatives of cases 
according to the age at diagnosis of the case and the age of the relative. The effect 
of additional affected relatives is multiplicative  

Case’s age at diagnosis  
Relative’s 
age <55 55-59 60-64 65-69 

Trend 
(p) 

Additional 
affected 
relative 

<60 4.53 2.05 1.21 0.72 < 0.05 5.94 
 (1.91 – 10.4) (0.93 – 4.55) (0.51 – 2.88) (0.26 – 1.96)  (4.41 – 8.01) 

60-64 2.25 1.75 1.48 1.26 0.31 5.91 
 (0.87 – 5.79) (0.84 – 3.67) (0.70 – 3.16) (0.51 – 3.07)  (4.36 – 8.02) 

65-69 2.60 1.80 1.40 1.10 0.14 5.18 
 (1.11 – 6.10) (0.96 – 3.37) (0.73 – 2.71) (0.48 – 2.51)  (3.66 – 7.33) 

70-74 1.92 1.52 1.29 1.11 0.39 4.85 
 (0.75 – 4.89) (0.79 – 2.90) (0.66 – 2.53) (0.47 – 2.61)  (3.40 – 6.91) 

75+ 2.10 1.30 0.94 0.68 0.02 5.09 
 (1.14 – 3.86) (0.89 – 1.89) (0.61 – 1.44) (0.37 – 1.26)  (3.12 – 8.30) 
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Table 8.4 shows the results for fathers. The RR decreased with increasing age of the 

case at diagnosis but the trend was not significant for fathers aged less than 60 years 

or between 70 and 74 years. There was no apparent trend in the RR with the age of the 

father for any age at diagnosis of the case. 

 

Table 8.4 RR (95% CI) of prostate cancer for fathers of cases according to the 
age at diagnosis s of the case and the age of the father 

Case’s age at diagnosis Father’s 
age <55 55-59 60-64 65-69 Trend (p) 

<60 4.92 3.43 2.69 2.11 0.25 
 (1.13 – 21.5) (0.94 – 12.5) (0.71 – 10.2) (0.48 – 9.35)  

60-64 4.08 1.61 0.87 0.47 0.02 
 (1.16 – 14.30) (0.52 – 5.01) (0.26 – 3.28) (0.09 – 2.49)  

65-69 8.18 3.18 1.70 0.90 0.001 
 (3.36 – 18.9) (1.42 – 7.15) (0.65 – 4.44) (0.27 – 3.06)  

70-74 5.82 4.10 3.25 2.57 0.11 
 (2.42 – 14.0) (1.97 – 8.56) (1.51 – 6.98) (1.06 – 6.27)  

75+ 4.84 2.81 1.96 1.36 <0.0005 
 (2.93 – 8.00) (1.92 – 4.13) (1.30 – 2.94) (0.82  2.25)  

 

 

Table 8.5 shows the results for brothers. The RRs decreased with increasing age at 

diagnosis of the case for brothers aged less than 65 years but the trend was significant 

only for brothers aged less than 60 years. The multiplicative risk for each additional 

affected brother increased across the age-specific risk sets of the brother but trends 

across the risk sets could not be tested formally because of lack of independence. 

Several of the RR estimates were below 1.0 but the confidence intervals were wide 

and included unity, highlighting the small number of affected relatives in these 

categories. 
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Table 8.5 RR (95% CI) of prostate cancer for brothers of cases according to the 
age at diagnosis of the case and the age of the brother. The effect of additional 
affected brothers is multiplicative  

Case’s age at diagnosis  
Brother’s 
age <55 55-59 60-64 65-69 

Trend 
(p) 

Additional 
affected 

<60 9.68 2.98 1.36 0.62 0.001 6.02 
 (2.83 – 33.1) (1.10 – 8.08) (0.47 – 3.97) (0.17 – 2.28)  (4.15 – 8.45) 

60-64 4.67 3.21 2.50 1.94 0.23 6.10 
 (1.30 – 16.8) (1.25 – 8.25) (1.01 – 6.16) (0.69 – 5.48)  (4.16 – 8.96) 

65-69 1.96 2.06 2.14 2.21 0.86 7.47 
 (0.48 – 7.97) (0.71 – 5.98) (0.80 – 5.69) (0.78 – 6.30)  (4.88 – 11.4) 

70-74 0.37 0.74 1.18 1.87 0.52 9.74 
 (0.01 – 18.6) (0.18 – 5.74) (0.32– 4.28) (0.32 – 10.8)  (4.37 – 21.7) 

75+ 0.10 0.34 0.80 1.86 0.40 12.61 
 (0 – 85.83) (0.01 – 16.2) (0.11 – 5.83) (0.69 – 5.05)  (3.48 – 45.7) 

 

Table 8.6 shows the results for uncles. There was a decreasing trend in the RR with 

the age at diagnosis of the case for each risk set in which the RR could be estimated 

and was marginally significant for case uncles aged 65-69 years. All uncles in the 60-

64 age-band with prostate cancer were uncles of cases. No trends by the age of the 

uncle were evident across the risk sets. 

 

Table 8.6 RR (95% CI) of prostate cancer for uncles of cases according to the age 
at diagnosis of the case and the age of the uncle 

Case’s age at diagnosis  Uncle’s 
age  <55 55-59 60-64 65-69 Trend (p) 

<60 7.72 1.05 0.28 0.07 0.002 
 (0.81 – 73.6) (0.08 – 14.2) (0.12 – 6.19) (0.002 – 3.03)  

60-64 – – – –  
      

65-69 7.49 3.91 2.53 1.64 0.06 
 (1.46 – 38.5) (0.85 – 17.9) (0.51 – 12.6) (0.27 – 9.92)  

70-74 6.78 1.61 0.62 0.24 <0.0005 
 (2.82 – 16.3) (0.67 – 3.85) (0.21 – 1.85) (0.06 – 0.97)  

75+ 7.62 3.14 1.74 0.96 <0.0005 
 (3.54 – 16.4) (1.67 – 5.91) (0.88 – 3.44) (0.42  2.20)  



 

163 

Continuous time-varying relative risk 

The results from the Cox proportional hazards modelling with case-control status as 

the only predictor indicated that the RR of prostate cancer for first-degree relatives or 

uncles of cases was significantly greater than for control relatives (RR 2.71, 95% CI 

2.16 – 3.40). For first-degree relatives, the overall RR was 2.88 (95% CI 2.24 – 3.70), 

for fathers it was 2.62 (95% CI 1.96 – 3.50), for brothers was 3.41 (95% CI 2.18 – 

5.33) and for uncles was 2.66 (95% CI 1.64 – 4.32). The RR for brothers was 2.20 

times that for fathers (95% CI 1.75 – 2.78) and for uncles was 0.56 times that for 

fathers (95% CI 0.44 – 0.71). 

The model was then extended by including the interaction between case-control status 

and the proband’s age and a time-varying covariate for the interaction between status 

and the relative’s age. This model allowed the RR to vary with the age at diagnosis of 

the proband and the age of the relative at risk. The results are shown in Table 8.7. 

Table 8.7 Results of Cox modelling with time-varying covariate for the age of the 
relative  
Relative Variable Coefficient Std Error z P>z (95% CI) 
First-
degree 

Status 5.456 0.716 7.62 0.000 (4.053 – 6.858) 

 Case’s age  -0.069 0.011 -6.24 0.000 (-0.091 – -0.047) 

 
Additional 
relative 
affected 

1.555 0.256 6.07 0.000 (1.053 – 2.057) 

 
Status by 
relative’s age 

-0.020 0.013 -1.57 0.115 (-0.045 – 0.005) 

Father Status 5.615 0.910 6.17 0.000 (3.831– 7.398) 
 Case’s age  -0.077 0.014 -5.55 0.000 (-0.104 – 0.050) 

 
Status by 
father’s age 

-0.003 0.018 -0.17 0.866 (-0.038 – 0.032) 

Brother Status 4.683 2.133 2.20 0.028 (0.5.2 – 8.864) 
 Case’s age  -0.064 0.034 -1.90 0.057 (-0.131 – 0.02) 

 
Additional 
brother 
affected 

1.857 0.169 11.02 0.000 (1.527 – 2.187) 

 
Status by 
brother’s age 

-0.003 0.035 -0.10 0.923 (-0.072 – 0.065) 

Uncle Status 8.303 1.385 5.99 0.000 (5.387 – 10.836) 
 Case’s age  -0.119 0.022 -5.51 0.000 (-0.159 – -0.075) 

 
Status by 
uncle’s age  

-0.014 0.029 -0.47 0.639 (-0.071 – 0.044) 
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There was an inverse association between the RR and the case’s age at diagnosis, 

which was statistically significant, for all first-degree relatives combined, fathers and 

uncles but not for brothers. The age of the relative was not a significant predictor of 

RR for any of the relatives but, in each model, the coefficient was negative suggesting 

that there could be a weak downward trend in the RRs with increasing age.  

For each additional affected first-degree relative the RR was increased 4.74-fold (95% 

CI 2.87 – 7.82). For brothers, the multiplicative risk was 6.40 (95% CI 4.60– 8.91). 

An increase with the age of the relative in the multiplicative risk of additional affected 

brothers was noted in the analysis of age-specific risk sets but, when tested formally 

in this analysis, was not significant. There were no differences in the RRs for relatives 

aged less than 60 years compared with older relatives for any of the relationships.  

The comparison of RRs for the relatives of the early onset-cases diagnosed before the 

age of 60 years are shown in Table 8.8. For each type of relative, the RR was greater 

for relatives of the cases diagnosed before the age of 60 years (all p < 0.0005). 

 

Table 8.8 The RRs according to the age at diagnosis of the case proband 

Age at diagnosis of the case proband 
Relationship 

< 60 years ≥ 60 years 

First-degree relatives 3.61 (2.76 – 4.72) 1.65 (1.23 – 2.22) 

Fathers 3.81 (2.79 – 5.19) 1.69 (1.19 – 2.41) 

Brothers 6.44 (4.04 – 10.25) 2.04 (1.28 – 2.23) 

Uncles 3.89 (2.33 – 6.49) 1.56 (0.87 – 2.81) 

 

After omission of the time-varying covariate term for the relative’s age, the case-

control status and the age at diagnosis of the case remained significant predictors of 

risk for each type of relative including brothers. The RR was increased for all case 

relatives and there was a strong decreasing trend with increasing age at diagnosis of 

the case. The RR increased if additional first-degree relatives or brothers were 

affected. Results from these models are given in Table 8.9.  
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Table 8.9 Results of Cox modelling including only the significant predictors (all 
diagnoses in relatives) 

Relative Variable Coefficient Std Error z P>z (95% CI) 

First-
degree  Status 5.045 0.665 7.58 0.000 (3.741 – 6.348) 

 Case’s age -0.069 0.011 -6.20 0.000 (-0.091 – -0.047) 

 
Additional 
relative 
affected 

1.553 0.260 5.96 0.000 (1.043 – 2.064) 

Father Status 5.547 0.818 6.77 0.000 (3.942 – 7.152) 

 Case’s age -0.077 0.014 -5.56 0.000 (-0.104 – -0.050) 

Brother Status 7.750 1.179 6.57 0.000 (5.438 – 10.062) 

 Case’s age -0.107 0.019 -5.64 0.000 (-0.145 – 0.070) 

 
Additional 
brother 
affected 

1.843 0.1857 9.95 0.000 (1.480 – 2.206) 

Uncle Status 7.995 1.252 6.38 0.000 (5.540 – 10.449) 

 Case’s age -0.120 0.022 -5.56 0.000 (-0.162 – -0.078) 

 

Using the results from the modelling shown in Table 8.9, the RRs of prostate cancer 

for first-degree relatives of cases compared with control relatives were calculated 

according to the age group of the case at diagnosis (Table 8.10).  

 

Table 8.10 Modelled RR of prostate cancer for relatives of cases by the age at 
diagnosis of the case  

Case’s age at diagnosis 
Relative 

<55 55-59 60-64 65-69 

Extra 
affected 

First-degree 4.88 2.91 2.06 1.46 4.73 

 (3.59 – 6.64) (2.28 – 3.71) (1.59 – 2.66) (1.07 – 1.99) (2.84 – 6.64) 

Father 5.41 3.03 2.06 1.40 – 

 (3.76 – 7.78) (2.27 – 4.05) (1.51 – 2.82) (0.95 – 2.06)  

Brother 10.82 4.84 2.83 1.65 6.32 

 (5.99 – 19.55) (3.09 – 7.57) (1.84 – 4.36) (1.01 – 2.71) (4.39 – 9.08) 

Uncle 7.39 3.01 1.65 0.91 – 

 (4.21 – 12.97) (1.86 – 4.86) (0.97 – 2.82) (0.47 – 1.74)  
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For first-degree relatives, the type II RR of prostate cancer was greater for case 

relatives than for control relatives for each age group at diagnosis of the case. Each 

additional affected first-degree relative increased the RR by a factor of 4.73. The RR 

of prostate cancer for first-degree relatives of the cases diagnosed before the age of 60 

years was more than double (2.16 times; 95% CI 1.66 – 2.83) that for the first-degree 

relatives of the cases diagnosed after the age of 60 years.  

For case fathers, the RRs decreased with increasing age at diagnosis of his case son 

and were higher than for control fathers if the case had been diagnosed before the age 

of 65 years. Fathers of the cases diagnosed before the age of 60 had over double the 

risk of prostate cancer (2.24 times; 95% CI 1.63 – 3.08) experienced by fathers of the 

cases diagnosed after that age. 

Brothers of cases had a higher RR of prostate cancer than control brothers for all ages 

at diagnosis of the case. The highest RR for any type of relative was seen for brothers 

of the cases diagnosed before the age of 55 years but the RRs decreased rapidly with 

increasing age at diagnosis to be similar to that for fathers of the cases diagnosed 

between 65 and 69 years of age. The RR increased by a factor of 6.32 for each 

additional affected brother. The RR for brothers of the cases diagnosed before the age 

of 60 was 3.06 times (95% CI 2.10 – 4.45) higher than that for brothers of the cases 

diagnosed from age 60 to 69 years.  

Uncles of the cases diagnosed before the age of 60 had a significantly higher RR of 

prostate cancer than control uncles but the RR decreased rapidly with increasing age 

at diagnosis of the case. The RR for uncles of the cases diagnosed before the age of 60 

was 2.47 times (95% CI 1.49 – 4.12) that for uncles of the cases diagnosed between 

the ages of 60 and 69 years. 

Case brothers had a higher RR of prostate cancer than case fathers (2.93 times; 95% 

CI 2.30 – 3.74) and case uncles had a lower risk than fathers (0.54 times; 95% CI 0.42 

– 0.68). 

Follow-up until December 1991 

There were 282 first-degree relatives and uncles diagnosed with prostate cancer in the 

follow-up period truncated at the end of December 1991 (Table 8.11). Approximately 

80% of the fathers, but only 20% of the brothers, were diagnosed in this period and 

their diagnoses were thus included in this analysis. All excluded diagnoses for fathers 
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were in men aged 70 or over at diagnosis whereas affected brothers from all age 

groups were excluded. The exclusions for uncles were similar to those for fathers; 

32% of uncles’ diagnoses were excluded and all but one of these were men diagnosed 

at age 65 or over. The median age at diagnosis of the included case and control 

relatives was similar for each type of relative (all p > 0.05). 

 

Table 8.11 Number of relatives diagnosed with prostate cancer before end of 
1991 by age group in 1991 and relationship to the proband 

Relation Case relatives Control relatives 

Fathers 
50-54 
55-59 
60-64 
65-69 
70-74 
75+ 

Median age 

131 
1 
3 
6 

11 
25 
85 
74 

49 
1 
0 
2 
3 
6 

37 
74 

Brothers 
50-54 
55-59 
60-64 
65-69 
70-74 
75+ 

Median age 

20 
0 
5 
5 
6 
4 
– 

61 

6 
1 
1 
1 
2 
1 
– 

60.5 
Maternal uncles 

<50 
50-54 
55-59 
60-64 
65-69 
70-74 
75+ 

Median age 

30 
0 
0 
0 
3 
3 
6 

18 
74 

10 
0 
0 
0 
0 
2 
3 
5 

76 
Paternal uncles 

50-54 
55-59 
60-64 
65-69 
70-74 
75+ 

Median age 

29 
0 
0 
0 
2 
5 

22 
76 

7 
0 
1 
0 
0 
2 
4 

74 
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Age-specific risk sets 

During the follow-up period to the end of December 1991, the only significantly 

elevated RR estimate was that for 65–69 year-old first-degree relatives of cases 

diagnosed before the age of 55 years. All other estimates for relatives aged less than 

70 were lower than the corresponding estimates based on the complete follow-up 

(Table 8.12 compared with Table 8.3). For first-degree relatives aged 70 or over, six 

of the eight RR estimates were higher than the corresponding estimates based on the 

complete follow-up period. The multiplicative effect of each additional affected first-

degree relative was similar during this follow-up period and the complete follow-up. 

A decreasing trend in RR with increasing age at diagnosis of the case was evident for 

each age risk set of relatives but was significant only for the relatives aged between 65 

and 69 years. There was no evidence of a trend in RR with the age of the relative. 

 

Table 8.12 RR (95% CI) of prostate cancer for first-degree relatives of cases 
from families with only the case affected (follow-up to December 1991). The 
multiplicative risk applies for each additional affected relative 

Case’s age at diagnosis  
Relative’s 
age  <55 55-59 60-64 65-69 Trend 

(p) 

Additional 
affected 

<60 2.38 1.32 0.89 0.60 0.08 5.55 

 (0.66 – 8.57) (0.44 – 3.89) (0.27 – 2.86) (0.15 – 2.43)  (3.78 – 8.13) 

60-64 1.42 1.34 1.28 1.23 0.9 5.19 

 (0.28 – 7.38) (0.44 – 4.04) (0.44 – 3.69) (0.33 – 4.58)  (3.62 – 7.46) 

65-69 3.50 1.63 0.98 0.59 0.03 4.76 

 (1.25 – 9.82) (0.69 – 3.85) (0.36 – 2.70) (0.16 – 2.18)  (3.30 – 6.88) 

70-74 2.42 1.76 1.43 1.16 0.3 4.75 

 (0.86 – 6.79) (0.80 – 3.90) (0.62 – 3.28) (0.42 – 3.21)  (3.31 – 6.83) 

75+ 1.27 1.16 1.10 1.04 0.7 5.14 

 (0.52 – 3.08) (0.66 – 2.04) (0.66 – 1.84) (0.54 – 1.98)  (3.16 – 8.33) 

 

For fathers, there were few changes to the estimated RRs from those observed for the 

complete follow-up period and the pattern of significantly elevated RRs was identical 

(Table 8.13 compared with Table 8.4). The RRs for younger fathers of the later-onset 
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cases did not differ from control fathers. The significant downward trends in the RRs 

with the case’s age at diagnosis occurred for the same three risk sets and there were 

no apparent trends in RR with the age of the father. 

 

Table 8.13 RR (95% CI) of prostate cancer for fathers of cases by the age of the 
father (follow-up to December 1991)  

Case’s age at diagnosis  
Father’s age  

<55 55-59 60-64 65-69 Trend (p) 

<60 4.92 3.43 2.69 2.11 0.3 

 (1.13 – 21.5) (0.94 – 12.5) (0.71 – 10.2) (0.48 – 9.33)  

60-64 4.22 1.61 0.85 0.44 0.02 

 (1.19 – 15.0) (0.52 – 5.02) (0.22 – 3.29) (0.08 – 2.51)  

65-69 6.63 3.02 1.79 1.06 0.008 

 (2.57 – 17.1) (1.35 – 6.76) (0.70 – 4.52) (0.33 – 3.42)  

70-74 5.21 3.82 3.10 2.52 0.2 

 (2.08 – 13.0) (1.82 – 8.03) (1.45 – 6.65) (1.04 – 6.10)  

75+ 4.57 3.02 2.30 1.74 0.02 

 (2.33 – 8.97) (1.84 – 4.97) (1.41 – 3.74) (0.98 – 3.10)  

 

The RRs for brothers showed greater variation in this analysis than was seen for the 

entire follow-up period and only one of the estimates was significant (Table 8.14 

compared with Table 8.5). Most brothers were diagnosed after 1991 thus the estimates 

were based on small numbers of events and the confidence intervals were 

unacceptably wide, particularly for the brothers aged over 64 years whose affected 

case brother had been diagnosed at an early age. For brothers 75 years and over, the 

RRs could not be estimated because there were no diagnoses in either case or control 

brothers. Overall, there were no obvious trends with either the age of the case or the 

age of the brother and the multiplicative effect of additional affected brothers was 

generally smaller than for the previous analysis.  

 



 

170 

Table 8.14 RR (95% CI) of prostate cancer for brothers of cases from families 
with only the case affected (follow-up to December 1991). The multiplicative risk 
applies for each additional affected relative 

Case’s age at diagnosis  
Brother’s 

age  <55 55-59 60-64 65-69 Trend 
(p) 

Additional 
affected 

<60 4.12 1.42 0.70 0.35 0.06 5.25 

 (0.45 – 37.5) (0.25 – 8.14) (0.12 – 4.19) (0.04 – 2.85)  (3.17 – 8.68) 

60-64 1.25 2.60 4.24 6.89 0.3 4.78 

 (0.04 – 36.6) (0.22 – 31.1) (0.49 – 36.6) (0.78 – 60.6)  (2.74 – 8.87) 

65-69 2.02 2.11 2.17 2.24 0.9 7.85 

 (0.01 – 895) (0.07 – 63.1) (0.18 – 25.9) (0.09 – 53.4)  (4.27 – 14.4) 

70-74 40.4 1.84 0.23 0.03 <0.001 7.60 

 (5.30 – 308) (0.23 – 14.8) (0.03 – 2.18) (0.01 – 0.34)  (3.32 – 17.4) 

75+ – – – – –  

       

 

There was no clear pattern in the RR for uncles diagnosed during this follow-up 

period and the only significant RRs were for the older uncles of the early-onset cases. 

Trends in the RRs with the age at diagnosis of the case were variously increasing, 

decreasing or non-existent (Table 8.15). Likewise, there were no apparent trends with 

the uncle’s age.  
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Table 8.15 RR (95% CI) of prostate cancer for uncles of cases (follow-up to 
December 1991)  

Case’s age at diagnosis  
Uncle’s age  

<55 55-59 60-64 65-69 Trend (p) 

<60 8.86 0.87 0.18 0.04 0.04 

 (0.95 – 82.7) (0.05 – 15.4) (0.01 – 6.98) (0.001 – 3.57)  

60-64 – – – –  

      

65-69 1.85 2.03 2.16 2.29 0.7 

 (0.34 – 10.2) (0.41 – 10.1) (0.43 – 10.7) (0.44 – 11.9)  

70-74 6.99 1.73 0.68 0.27 0.02 

 (2.19 – 22.3) (0.64 – 4.69)  (0.19 – 2.47) (0.05 – 1.53)  

75+ 7.75 3.41 1.97 1.14 0.003 

 (2.76 – 21.8) (1.51 – 7.72) (0.85 – 4.60) (0.42 – 3.13)  
 

Continuous time-varying relative risk 

Fitting models that allowed the RR to vary with the age of the relative gave the results 

shown in Table 8.16. All case relatives had a significantly higher risk of prostate 

cancer than control relatives and the RR decreased with increasing age at diagnosis of 

the case. The age of the relative did not influence the RR of prostate cancer for any of 

the relationships. The RR increased with each additional first-degree relative or 

brother affected. 
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Table 8.16 Results of Cox regression with time-varying covariate for the age of 
the relative (follow-up to December 1991) 

Relative Variable Coefficient Std Error z P>z (95% CI) 

First-
degree  Status 4.729 0.974 4.85 0.000 (2.819 – 6.638) 

 Case’s age  -0.066 0.015 -4.23 0.000 (-0.096 – 0.036) 

 
Additional 
relative 
affected 

2.271 0.367 6.18 0.000 (1.550 – 2.992) 

 Relative’s age 0.007 0.017 0.41 0.685 (-0.026 – 0.040) 

Father Status 4.762 0.996 4.78 0.000 (2.810 – 6.716) 

 Case’s age  -0.066 0.015 -4.28 0.000 (-0.096 – -0.036) 

 Father’s age 0.008 0.020 0.40 0.692 (-0.031 – 0.046) 

Brother Status 7.815 3.058 2.56 0.011 (1.821 – 13.809) 

 Case’s age  -0.124 0.050 -2.50 0.013 (-0.221 – -0.027) 

 
Additional 
brother 
affected 

2.370 0.328 7.22 0.000 (2.727 – 3.013) 

 Brother’s age 0.086 0.071 1.22 0.223 (-0.052 – 0.224) 

Uncle Status 6.732 1.773 3.80 0.000 (3.256 – 10.208) 

 Case’s age  -0.094 0.029 -3.30 0.001 (-0.150 – 0.038) 

 Uncle’s age  -0.010 0.033 -0.29 0.772 (-0.075 – 0.055) 

 

Results from fitting models after omitting the term for the relative’s age are shown in 

Table 8.17. Case relatives were again at higher risk of diagnosis with prostate cancer 

than control relatives. For each relative type, the RR was inversely associated with the 

case’s age at diagnosis. The effect of an additional affected brother was large but no 

controls had more than one brother with prostate cancer. 

The estimated RRs from these models are given in Table 8.18. The decrease in RR 

with the age at diagnosis of the case was greatest for brothers leading to a non-

significant increase in RR for brothers of the cases aged 60 to 69 years at diagnosis. 

The confidence intervals for the estimates for brothers are wide indicating the 

imprecision of the estimates as a result of most brothers being excluded from these 

analyses. 
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Table 8.17 Results of Cox regression with only significant predictors (follow-up 
to December 1991) 

Relative Variable Coefficient Std Error z P>z (95% CI) 

First-
degree  Status 4.862 0.922 5.27 0.000 (3.055– 6.669) 

 Case’s age  -0.066 0.015 -4.31 0.000 (-0.096 – -0.036) 

 
Additional 
relative 
affected 

2.273 0.364 6.24 0.000 (1.559 – 2.988) 

Father Status 4.911 0.992 5.33 0.000 (3.105 – 6.718) 

 Case’s age  -0.066 0.015 -4.28 0.000 (-0.096 – -0.036) 

Brother Status 7.432 3.230 2.30 0.021 (1.100 – 13.764) 

 Case’s age -0.013 0.051 -2.00 0.045 (-0.023 – 0.002) 

 
Additional 
brother 
affected  

3.042 0.338 8.99 0.000 (2.379 – 3.704) 

Uncle Status 6.542 1.684 3.88 0.000 (3.240 – 9.843) 

 Case’s age  -0.095 0.028 -3.34 0.001 (-0.150 – 0.039) 

 

 

Table 8.18 Modelled RR (95% CI) of prostate cancer for relatives by the age at 
diagnosis of the case (follow-up to December 1991) 

Case’s age at diagnosis 
Relative 

<55 55-59 60-64 65-69 
Additional 

affected 

First-
degree 

4.77 2.92 2.12 1.54 9.71 

 (3.14 – 7.26) (2.12 – 3.99) (1.51 – 2.90) (1.01 – 2.23) (4.75 – 19.84) 

Father 5.12 3.13 2.26 1.62 – 

 (3.34 – 7.86) (2.24 – 4.37) (1.60 – 3.18) (1.07 – 2.46)  

Brother 10.48 4.47 2.54 1.44 11.16 

 (2.32 – 47.36) (1.60 – 12.55) (0.99 – 6.44) (0.50 – 4.23) (5.77 – 21.57) 

Uncle 6.05 2.97 1.85 1.15 – 

 (2.90 – 12.62) (1.69 – 5.24) (1.01 – 3.40) (0.54 – 2.45)  
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Follow-up beginning January 1992 

There were 187 relatives diagnosed in the follow-up period from January 1992 (Table 

8.19) and cases and controls did not differ significantly in the proportion of relatives 

diagnosed during that time. About 20% of fathers, 80% of brothers and 32% of uncles 

were included in this analysis. All affected fathers and uncles were aged 65 years or 

over. The median age at diagnosis of the case relatives diagnosed since 1991was 

greater than that of the case relatives diagnosed prior to 1992 (p = 0.009). Despite 

apparent differences in the age at diagnosis of control relatives between these two 

periods, the median ages at diagnosis were not differently different (p = 0.36). The 

only difference in age at diagnosis between case and control relatives diagnosed after 

1991 was for brothers (p = 0.02). 

 

Table 8.19 Age group and relationship of relatives diagnosed with prostate 
cancer from January 1992 

Relation Case relatives Control relatives 

Fathers 
70-74 
75+ 

Median age 

32 
3 

29 

80 

14 
0 

14 

84 

Brothers 
50-54 
55-59 
60-64 
65-69 
70-74 
75+ 

Median age 

84 
7 

12 
27 
20 
14 

4 

62 

21 
1 
2 
2 
7 
6 
3 

68 

Maternal uncles 
65-69 
70-74 
75+ 

Median age 

11 
2 
2 
7 

76 

4 
0 
1 
3 

80 

Paternal uncles 
65-69 
70-74 
75+ 

Median age 

18 
1 
4 

13 

77.5 

3 
0 
1 
2 

85 
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Age-specific risk sets 

Results from the analysis of the age-specific risk sets for first-degree relatives 

diagnosed after 1991 are shown in Table 8.20. Case relatives had a higher risk of 

prostate cancer than control relatives but most RR estimates failed to reach 

significance. There were decreasing trends in the RRs with the age at diagnosis of the 

case for relatives less than 65 and more than 75 years old. No trend in the RRs by the 

age of the relative was apparent across the risk sets. Seventeen of the 20 RR estimates 

were higher than those based on the complete follow-up period (Table 8.20 compared 

with Table 8.3) and all of the RRs for relatives aged less than 70 years were higher 

than the RRs based on follow-up to the end of 1991. 

 

Table 8.20 RR (95% CI) of prostate cancer for first-degree relatives of cases 
from families with only the case affected (follow-up from January 1992). The 
effect of each additional affected relative is multiplicative  

Case’s age at diagnosis  
Relative’s 

age  <55 55-59 60-64 65-69 
Trend 

(p) 

Additional 
affected 

<60 13.61 4.51 2.16 1.04 0.000 11.95 

 (4.13 – 44.9) (1.52 – 13.4) (0.66 – 7.11) (0.26 – 4.19)  (5.59 – 25.6) 

60-64 8.52 5.03 3.54 2.49 0.017 10.75 

 (2.56 – 28.4) (1.69 – 15.0) (1.17 – 10.7) (0.75 – 8.23)  (6.18 – 18.7) 

65-69 6.44 4.24 3.21 2.43 0.056 7.57 

 (2.15 – 19.3) (1.66 – 10.8) (1.27 – 8.12) (0.89 – 6.63)  (4.61 – 12.5) 

70-74 0.61 0.81 0.98 1.17 0.680 15.1 

 (0.04 – 8.60) (0.17 – 3.96) (0.29 – 3.29) (0.29 – 4.80)  (6.36 – 35.8) 

75+ 3.17 1.70 1.13 0.75 0.044 14.59 

 (1.49 – 6.72) (0.90 – 3.25) (0.48 – 2.64) (0.23 – 2.39)  (7.80 – 27.3) 

 

Table 8.21 shows the results of the analysis of age-specific risk sets for fathers. Only 

20% of the affected fathers were included in these analyses and results were 

unavailable for fathers aged less than 70 years; all fathers diagnosed after 1991 were 

aged 70 years or more. The only significant RR was seen for fathers aged 75 or over 

whose case son was diagnosed before the age of 55 years. A significantly lower RR 

was observed for older fathers of the cases diagnosed after the age of 64 years. The 

RR decreased with increasing age of the case at diagnosis. 
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Table 8.21 RR (95% CI) of prostate cancer for fathers of cases (follow-up from 
January 1992). The multiplicative risk applies for each additional affected 
relative 

Case’s age at diagnosis  
Father’s 
age  <55 55-59 60-64 65-69 Trend (p) 

70-74 8.83 0.46 0.06 0.01 0.003 
 (0.78 – 100) (0.02 – 12.3) (0.001 – 4.67) (0.0004 – 2.04)  

75+ 11.5 2.73 1.05 0.40 <0.005 
 (2.35 – 13.1) (0.52 – 2.62) (0.12 – 1.45) (0.02 – 0.89)  

 

The majority of affected brothers were diagnosed during the follow-up from January 

1992 and were available for this analysis. The RR of prostate cancer was increased 

only for the younger brothers of the early-onset cases (Table 8.22). There was a 

decreasing trend in the RRs for brothers with increasing age at diagnosis of the case, 

for men aged less than 70 but an increasing trend in the RR for older brothers. The RR 

estimates for brothers aged less than 70 were almost all higher than the RR estimates 

based on the complete follow-up period (Table 8.22 compared with Table 8.5) and all 

were higher than the estimates based on the follow-up to the end of 1991 (Table 8.22 

compared with Table 8.14). For brothers of the cases aged less than 60 years at 

diagnosis, there was an apparent decrease in the RR with increasing age of the brother 

 

Table 8.22 RR (95% CI) of prostate cancer for brothers of cases from families 
with only the case affected (follow-up from January 1992). The multiplicative 
risk applies for each additional affected relative 

Case’s age at diagnosis  
Brother’s 

age  <55 55-59 60-64 65-69 
Trend 

(p) 

Additional 
affected 

<60 12.01 3.46 1.51 0.66 0.001 6.24 

 (2.98 – 48.4) (1.06 – 11.3) (0.43 – 5.32) (0.15 – 2.91)  (4.39 – 8.87) 

60-64 7.56 3.74 2.34 1.46 0.026 6.39 

 (1.06 – 13.5) (0.87 – 8.31) (0.66 – 6.92) (0.46 – 6.38)  (4.52 – 9.01) 

65-69 2.43 2.35 2.29 2.25 0.9 7.53 

 (0.60 – 10.0) (0.78 – 7.08) (0.82 – 6.45) (0.75 – 6.75)  (4.94 – 11.5) 

70-74 0.028 0.22 0.85 3.37 0.033 13.01 

 (0.001 – 1.80) (0.02 – 2.70) (0.15 – 4.79) (0.64 – 17.8)  (5.96 – 28.4) 

75+ 0.10 0.34 0.80 1.86 0.4 12.6 

 (0.001 – 85.8) (0.01 – 16.2) (0.11 – 5.83) (0.69 – 5.05)  (3.48 – 45.7) 



 

177 

The affected uncles diagnosed after 1991 were all aged 65 years or older. The RRs 

were particularly high for uncles of the cases diagnosed before the age of 60 years, 

but the risk of prostate cancer for uncles of the older cases did not differ from the risk 

for uncles of controls (Table 8.23). The RR decreased markedly with the age at 

diagnosis of the case. Compared with the RRs based on the complete follow-up 

period, only the RRs for uncles of cases diagnosed before age 55 years were higher 

than the corresponding RRs for the entire follow-up period (Table 28.23 compared 

with Table 8.6). 

 

Table 8.23 RR (95% CI) of prostate cancer for uncles of cases from families with 
only the case affected (follow-up from January 1992) 

Case’s age at diagnosis  Uncle’s 
age  <55 55-59 60-64 65-69 Trend (p) 

70-74 11.74 1.16 0.25 0.05 <0.001 

 (2.39 – 57.6) (0.19 – 6.91)  (0.03 – 2.16) (0.004 – 0.75)  

75+ 14.6 3.07 1.09 0.38 <0.001 

 (4.98 – 42.7) (1.15 – 8.19) (0.34 – 3.42) (0.09 – 1.61)  

 

Continuous time-varying relative risk 

Results from the models that allowed the RR to vary continuously with the age of the 

relative are shown in Table 8.24. Each type of case relative was at a higher risk of 

being diagnosed with prostate cancer than the corresponding control relatives. The 

decreasing RR with increasing age at diagnosis of the case was significant in all 

models. Having additional affected first-degree relatives or brothers increased the RR 

for case relatives. For the relatives diagnosed during this later follow-up period, there 

were decreasing trends in the RR with increasing age of the relative but the trend was 

significant only for the combined first-degree relatives. 
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Table 8.24 Results of Cox modelling with time-varying covariate for the age of 
the relative (follow-up from January 1992) 

Relative Variable Coefficient Std Error z P>z (95% CI) 

First-
degree  Status 6.361 1.165 5.46 0.000 (4.078 – 8.644) 

 Status by age 
at diagnosis of 
case 

-0.073 0.017 -4.26 0.000 (-0.107 – -0.039) 

 Additional 
relative 
affected 

2.271 0.226 10.06 0.000 (1.829 – 2.714) 

 Relative’s age -0.055 0.021 -2.59 0.010 (-0.097 – 0.013) 

Father Status 8.928 3.037 2.94 0.003 (2.976 – 14.880) 

 Status by age 
at diagnosis of 
case 

-0.094 0.045 -2.09 0.036 (-0.183 – -0.006) 

 Relative’s age -0.097 0.077 -1.24 0.217 (-0.252 – 0.057) 

Brother Status 6.396 1.396 4.58 0.000 (3.660 – 9.132) 

 Status by age 
at diagnosis of 
case 

-0.076 0.021 -3.56 0.000 (-0.118 – -0.034) 

 Additional 
brother 
affected 

2.217 0.222 10.00 0.000 (1.782 – 2.651) 

 Relative’s age -0.046 0.036 -1.27 0.203 (-0.116 – 0.025) 

Uncle Status 10.640 2.867 3.71 0.000 (5.021 – 16.259) 

 Status by age 
at diagnosis of 
case 

-0.178 0.046 -3.91 0.000 (-0.268 – -0.089) 

 Relative’s age -0.003 0.075 -0.04 0.964 (-0.144 – -0.150) 

 

Table 8.25 shows the modelling results for fathers, brothers and uncles omitting the 

non-significant time-varying covariates for the relative’s age. This model was not 

fitted for first-degree relatives as the interaction between the case-control status and 

the age of the first-degree relative was significant and that model was used for these 

relatives.  
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Table 8.25 Results of Cox modelling with only significant predictors included 
(follow-up from January 1992) 

Relative Variable Coefficient Std Error z P>z (95% CI) 

Father Status 7.047 2.404 2.93 0.003 (2.336 – 11.758) 

 Status by age 
at diagnosis of 
case 

-0.117 0.045 -2.16 0.009 (-0.205 – -0.029) 

Brother Status 6.024 1.345 4.48 0.000 (3.388 – 8.660) 

 Status by age 
at diagnosis of 
case 

-0.081 0.022 -3.71 0.000 (-0.124 – -0.038) 

 Additional 
brother 
affected 

2.242 0.225 9.94 0.000 (1.800 – 2.684) 

Uncle Status 10.706 2.426 4.41 0.000 (5.951 – 15.462) 

 Status by age 
at diagnosis of 
case 

-0.178 0.044 -4.06 0.000 (-0.264 – 0.092) 

 

The estimated RRs based on the best fitting models are shown in Table 8.26. The RR 

of prostate cancer for first-degree relatives of cases decreased with both the age at 

diagnosis of the case and the age of the relative at risk and became similar to the risks 

for control relatives for the older first-degree relatives of the later-onset cases. The 

RRs of prostate cancer for fathers, brothers and uncles of cases were only dependent 

on the age at diagnosis of the case. The RRs were significantly elevated only for the 

fathers and uncles of the cases diagnosed before the age of 55 years. Brothers of the 

cases diagnosed before age 65 years were at higher risk of prostate cancer than 

brothers of controls. 

First-degree relatives of the cases diagnosed before the age of 60 years were 2.21 

times (95% CI 1.42 – 3.44) more likely to be diagnosed with prostate cancer than the 

first-degree relatives of the cases diagnosed from age 60 onwards. For fathers of the 

cases diagnosed before age 60, the increase in risk compared with fathers of the older 

cases was 5.16 times (95% CI 0.72 – 36.78); for brothers the increase was 2.50 times 

(95% CI 1.50 – 4.18) and for uncles it was 5.94 times (95% CI 1.31 – 27.03). The 

non-significant result and wide confidence interval for fathers was not surprising as 

80% of the fathers’ diagnoses were excluded from this analysis. 
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Table 8.26 Modelled RR (95% CI) of prostate cancer for relatives by the age at 
diagnosis of the case (follow-up from January 1992) 

Case’s age at diagnosis 
Relative 

<55 55-59 60-64 65-69 
Additional 

affected 

First-degree     

<60 11.38 6.58 4.56 3.17 9.65 

 (4.65 – 27.82) 2.86 – 15.11) (1.99 – 10.48) (1.34 – 7.51) (6.23 – 15.08) 

60-64 7.53 4.35 3.02 2.10  

 (3.93 – 14.41) (2.44 – 7.75) (1.68 – 5.44) (1.10 – 3.99)  

65-69 5.72  3.30 2.29 1.59  

 (3.37 – 9.68) (2.10 – 5.19) (1.42 – 3.68) (0.92 – 2.76)  

70-74 4.34 2.51 1.74 1.21  

 (2.71 – 6.95) (1.68 – 3.75) (1.12 – 2.70) (0.71 – 2.05)  

75+ 2.87 1.66 1.15 0.80  

 (1.66 – 4.97) (1.00 – 2.76) (0.66 – 2.00) (0.42 – 1.51)  

Father 3.28 1.36 0.76 0.42  

 (1.63– 6.59) 0.64 – 2.90) (0.26 2.18) (0.10 – 1.76)  

Brother 7.14 3.86 2.59 1.73 9.01 

 (3.64 – 14.01) (2.31 – 6.53) (1.55 – 4.32) (0.96 – 3.11) (6.05 – 14.64) 

Uncle 6.13 1.61 0.66 0.27  

 (2.41 – 15.59) (0.66 – 3.93) (0.22 – 1.99) (0.07 – 1.11)  

 

Grade of the tumour 

The age distribution of relatives according to grade of tumour of the case and the 

number diagnosed with prostate cancer are given in Table 8.27. The age distribution 

of the control relatives is also shown. For the complete follow-up period, the risks of 

prostate cancer for case relatives were greater than for the control relatives (Table 

8.28). The RRs of prostate cancer for relatives of the cases with moderate grade 

tumours were greater than those for the relatives of cases with high-grade tumours but 

none of these differences was significant (p = 0.36 for first-degree relatives; p = 0.35 

for fathers, p = 0.72 for brothers and p = 0.61 for uncles).  
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Table 8.27 Age group of relatives for according to the grade of tumour in the 
proband (number diagnosed with prostate cancer) 

 Grade of tumour in the case proband 

Relative’s age Moderate grade High grade 
Control relatives 

<50 1668 (0) 303 (0) 1651 (0) 

50-54 323 (5) 51 (3) 390 (2) 

55-59 396 (17) 71 (1) 438 (4 ) 

60-64 481 (32) 93 (7) 533 (4) 

65-69 471 (34) 117 (6) 560 (15) 

70-74 478 (53) 93 (11) 471 (15) 

75+ 1173 (164) 188 (19) 1133 (72) 

 

For relatives followed-up until the end of 1991, the RRs of prostate cancer for first-

degree relatives, fathers and brothers but not uncles of the case probands with 

moderate grade disease were higher than for the corresponding relatives of the cases 

with high-grade disease. For relatives followed-up from the beginning of 1992, the 

RRs were higher for the first-degree relatives, fathers and uncles of the cases with 

moderate grade tumours. None of the differences between the RR for relatives of 

cases with moderate or high-grade tumours was significant (all p > 0.18). Compared 

with the RRs for the follow-up period ending in December 1991, the RRs for the later 

follow-up period were higher for first-degree relatives, brothers and uncles but not 

fathers.  

 

Table 8.28 RR of prostate cancer for case relatives by grade of tumour in the 
proband (comparison group is control relatives) and period of diagnosis with 
prostate cancer 

 Complete follow-up 
period 

Follow-up to December 
1991 

Follow-up from January 
1992 

Relative Moderate High Moderate High Moderate High 
First 
degree  

2.95 
(2.29 – 3.82) 

2.49 
(1.65 – 3.74) 

2.65 
(1.95 – 3.72) 

2.40 
(1.92 – 3.66) 

3.36 
(2.25 – 5.00) 

2.59 
(1.31 –5.13) 

Father  2.70 
(2.01 – 3.63) 

2.18 
(1.33 – 3.56) 

2.67 
(1.91 – 3.73) 

2.46 
(1.46 – 4.15) 

1.11 
(0.45 – 2.71) 

0.29 
(0.03 – 2.75) 

Brother  3.48 
(2.21 – 5.48) 

3.07 
(1.53 – 6.19) 

2.56 
(1.00 – 6.54) 

2.30 
(0.57 – 9.24) 

3.16 
(1.88– 5.32) 

3.23 
(1.61 –6.45) 

Uncle  2.72 
(1.67 – 4.44) 

2.19 
(0.89 – 5.37) 

2.38 
(1.33 – 4.23) 

3.13 
(1.24 – 7.89) 

3.41 
(1.50 – 7.72) – 



 

182 

Stage of the tumour  

The age distribution of relatives according to the stage at diagnosis of the case and the 

number diagnosed with prostate cancer is shown in Table 8.29. Control relatives have 

also been included in the table.  

 

Table 8.29 Age group of relatives according to the stage of tumour in the 
proband 

 Stage of tumour in the case proband 

Relative’s age Incidental 
Organ 

confined 
Local 

invasion 
Disseminated 

Control 
relatives 

<50 572 (0) 795 (0) 391 (0) 175 (0) 1651 (0) 

50-54 87 (5) 173 (0) 68 (0) 33 (1) 390 (2) 

55-59 117 (4) 216 (9) 100 (2) 25 (0) 437 (4) 

60-64 136 (12) 274 (17) 105 (6) 35 (4) 532 (4) 

65-69 139 (5) 253 (27) 134 (7) 30 (0) 560 (15) 

70-74 155 (28) 235 (22) 125 (11) 25 (2) 471 (15) 

75+ 347 (28) 638 (91) 259 (29) 81 (9) 1131 (72) 

 

For the complete follow-up period, the RRs for first-degree relatives of the cases were 

significantly greater than for the corresponding relatives of controls for each stage at 

diagnosis (Table 8.30). The highest RRs for any type of relative were seen for 

relatives of the men with incidental disease. For each type of first-degree relative, the 

lowest RRs were for relatives of the men with disseminated tumours. The decreasing 

trend in the RR with increasing stage at diagnosis of the case proband was not 

significant for any type of relative (all p > 0.11). The RRs for brothers and uncles of 

the cases with disseminated tumours did not differ significantly from those for control 

relatives.  

Among relatives with follow-up to the end of 1991, the highest RRs were seen for 

each type of first-degree relative of the cases with incidental disease. The inverse 

trend in RR with advancing stage was not significant for any type of first-degree 

relative or for uncles (all p > 0.43).  

For the follow-up period beginning in January 1992, the RRs were also highest for 

relatives of the cases with incidental disease and again, the decreasing trend with 

advancing stage was not significant for any of the relatives. 
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Table 8.30 RR of prostate cancer in case relatives by stage at diagnosis of tumour 
in the proband (comparison group is control relatives) and period of diagnosis 
with prostate cancer 

Complete follow-up period 

Relative Incidental Organ confined Local invasion Disseminated 

First degree  3.38 (2.45 – 4.68) 2.92 (2.18 – 3.90) 2.88 (2.01 – 413) 1.95 (1.03 – 3.67) 

Father  2.88 (1.96 – 4.43) 2.73 (1.96 – 3.81) 2.35 (1.52 – 3.62) 2.15 (1.09 – 4.21) 

Brother  4.33 (2.49 – 7.54) 3.39 (2.05 – 5.67) 3.80 (2.11 – 7.42) 1.45 (0.33 – 6.33) 

Uncle  3.07 (1.63 – 5.78) 3.01 (1.79 – 5.05) 1.10 (0.47 – 2.60) 2.95 (0.83 – 10.5) 

 Follow-up to December 1991 

 Incidental Organ confined Local invasion Disseminated 

First degree  2.80 (1.84 – 4.26) 2.73 (1.89 – 3.94) 2.56 (1.63 – 4.05) 2.05 (0.97 – 4.32) 

Father  2.79 (1.81 – 4.31) 2.79 (1.92 – 4.07) 2.36 (1.45 – 3.83) 2.22 (1.05 – 4.70) 

Brother  2.97 (0.95 – 9.56) 2.32 (0.79 – 6.80) 3.96 (1.29 – 12.15) – 

Uncle  2.35 (1.11 – 4.97) 3.14 (1.72 – 4.98) 0.45 (0.10 – 1.97) 4.30 (1.20 – 15.5) 

 Follow-up from January 1992 

 Incidental Organ confined Local invasion Disseminated 

First degree  3.67 (2.17 – 6.20) 2.76 (1.74 – 4.39) 2.71 (1.46 – 5.03) 1.71 (0.48 – 6.01) 

Father  1.21 (0.41 – 3.57) 1.10 (0.42 – 2.87) 0.64 (0.14 – 2.98) 0.91 (0.15 – 5.54) 

Brother  5.01 (2.68 – 9.40) 3.87 (2.16 – 6.93) 3.94 (1.94 – 8.01) 1.65 (0.35 – 7.81) 

Uncle  3.77 (1.33 – 10.7) 1.96 (0.74 – 5.15) 2.24 (0.67 – 7.44) – 

 

Summary of the main results 

Like most other studies of familial aggregation of prostate cancer, the risk of prostate 

cancer for relatives of affected men was greater than for relatives of unaffected men. 

Case relatives were more likely to have been diagnosed with prostate cancer than 

control relatives and there was a higher proportion of affected case relatives in almost 

all age groups. The age at diagnosis of first-degree relatives of cases was younger than 

that of first-degree relatives of controls. For affected uncles the age difference was not 

significant.  

Control brothers were slightly younger than case brothers but the one-year difference 

in median age was probably not of practical significance in terms of the risk of 

diagnosis with prostate cancer. If anything, this could have led to a slightly higher 

proportion of affected control brothers but the inclusion of relatives’ ages in the 

proportional hazards modelling would have adjusted for the age discrepancy. 
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Although there were more brothers than fathers in the reconstructed cohort, more 

fathers were reported to have had prostate cancer. This reflects the relatively young 

ages of the brothers and the fact that prostate cancer is a disease with a late age of 

onset. The cumulative risk estimates, however, suggested that younger brothers of 

cases had a higher RR of being diagnosed with prostate cancer than did fathers of 

cases but for the case brothers aged older than 80 years, the risk did not appear to 

differ from that for case fathers. The restriction of eligibility to probands aged less 

than 70 years meant there were few brothers over the age of 80 and thus fewer 

prostate cancer ‘events’ on which to base estimates for brothers in this age group. 

Both fathers and brothers of cases had higher RRs for a prostate cancer diagnosis than 

uncles of cases but all case relatives, even uncles, were at higher risk than control 

relatives.  

Two approaches to the proportional hazards modelling of the reconstructed cohort of 

male relatives were adopted for quantifying the RR of prostate cancer in case 

relatives. The analysis of age-specific risk sets allowed an examination of the RRs by 

the age of the relative without constraining them to fit a parametric model. The RRs 

for fathers and uncles showed a general decrease with increasing age at diagnosis of 

the case. Previous studies have shown a similar inverse relationship between the RR 

of prostate cancer for relatives and the age at diagnosis of the case (39,50,57,72,73). 

For brothers a similar decreasing trend was not apparent and for brothers aged over 65 

years, the RR showed non-significant increases with the age at diagnosis of the case. 

The age of the father or uncle at risk appeared to be unrelated to their RR of prostate 

cancer whereas for brothers of the cases diagnosed before 60 years of age, the RR 

appeared to be inversely related to the brother’s age.  

The lack of independence between the risk sets precluded formal testing of the effect 

of the relative’s age on his RR of prostate cancer but the second approach 

incorporating an age-varying risk for relatives allowed for this effect to be tested. The 

decrease in RR with the age at diagnosis of the case was again observed for each type 

of relative and the magnitudes of the estimated RRs were comparable with the 

analysis of age-specific risk sets. There was no evidence of any trend in the RR with 

the age of any type of relative. Even when the relatives were divided into age groups 

split at 60 years there were no differences between the RRs for younger and older 

relatives.  
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A higher RR for brothers than for fathers has been found in other studies 

(55,63,68,71-73,80,82-84,88). This has been used as an argument for X-linked 

inheritance in prostate cancer (80) but other explanations are possible. Both fathers 

and brothers are first-degree relatives and thus share about one half of their genetic 

information but the lifetime environments shared by brothers, especially in early life, 

are likely to be have more in common with each other than with that of their father. 

Any temporal increase in the prevalence of prostate cancer risk factors would have an 

effect on brothers not shared by their father. One such risk factor is PSA testing. The 

majority of brothers were diagnosed after the introduction of PSA testing and if PSA 

testing were associated more strongly with having an affected brother than an affected 

father a higher RR for brothers would result. However, the finding of a higher RR for 

brothers from studies conducted before the influence of PSA testing suggests the 

effect may be real. 

At all ages, fathers of cases were at higher risk of prostate cancer than were uncles of 

cases. These two relatives are from the same generation and, based solely on the 

similarity of their ages, would be expected to have similar prostate cancer histories in 

the absence of familial aggregation. Other studies have also reported a lower risk for 

second-degree relatives of men with prostate cancer but none detailed the effect of age 

at diagnosis of either the uncle or the proband (40,59,63,67,68,75,82).  

A lower risk in second-degree relatives could be due to a real decrease in risk with 

increasing distance in kinship and hence less sharing of either common genes or 

environment that could promote prostate cancer susceptibility. Alternatively, as was 

seen in Chapter 5 detailing the verification of diagnoses, there was evidence of under-

reporting of affected uncles particularly older uncles. Underreporting of second-

degree relatives has been recognised as problem in several other studies (40,82,87). If, 

in addition, the under-reporting were greater for control uncles there would be a 

reduction in the estimated RR. This makes it difficult to make informed statements 

about the RR for these relatives. 

The effect of age on the relative risk 

The age at diagnosis of the case 

The most consistent finding from studies of the effect of a family history on the Type 

I RR, that is the risk of prostate cancer for an index case with affected relatives, have 



 

186 

found a decreasing trend in RR for first-degree relatives with increasing age at 

diagnosis of the index case (50,51,72,73,75) (47,49,54,57,79,83). There have also 

been studies that have found no trend in familial risk with this age (39,55,74) and one 

report of an increase in RR with the age of the index case (71) 

For men with an affected father, several studies have found a decreasing RR with 

increasing age of the index case (72,54) but Mettlin et al. (39) found no trend in RR 

with age.  

Studies reporting trends in the RR for men with at least one affected brother have 

generally found an inverse relationship with the age at diagnosis of the index case 

(39,47,68,72). There could be several reasons for this. Prostate cancer will develop at 

an earlier age in families with a genetic susceptibility to the disease leading to a 

higher risk at younger ages (2). There was suggestive evidence of accelerated disease 

onset in the reduced RRs seen for some relatives of cases diagnosed after age 60 years 

but, as the confidence intervals were wide and in almost all instances, included unity, 

it is difficult to argue strongly for a reduced risk for these relatives. Alternatively, a 

decrease in RR with increasing age at diagnosis of the case could be a reflection of the 

expression of cumulative environmental and host factors that lead to rapid increases in 

prostate cancer incidence at older ages in men without a family history (39). 

Compared with the meta-regression, the proportional hazards modelling of the 

reconstructed cohort data gave higher RRs for relatives of the cases diagnosed before 

the age of 55 years and a lower RR for relatives of the cases diagnosed at around 65-

69 years of age. Thus a more rapid decline in risk with the age at diagnosis of the 

index case was observed in this study than was found in the meta-regression of the 

previous studies. 

The age of the relative at risk 

Early age at diagnosis is a characteristic feature of hereditary cancer syndromes (2). 

For a number of hereditary cancers, increased susceptibility arises as a result of 

inheriting a germ-line mutation or faulty allele that is important in regulating cell 

growth. Normally two copies of an allele are required to maintain proper control of 

the cell cycle. Inheriting a susceptibility mutation in one allele leaves the remaining 

one in control of cellular proliferation or differentiation. Mutations in that remaining 

allele can lead to loss of control and hence to the development of malignancy. 
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Accumulation of two faulty alleles is thus likely to occur at an earlier age in 

individuals who inherit a disease susceptibility mutation leading to early age at 

diagnosis as a characteristic of the families carrying mutations that predisposed to the 

disease. 

Under this model, a decrease in the RR with increasing age of the unaffected relatives 

could also be seen. Not all members of families carrying susceptibility mutations 

would inherit the mutation and relatives without the predisposing mutations would 

have a risk similar to the normal risk. Thus there could be two risk distributions 

operating in these families: one with an early mean age at onset for the family 

members carrying the predisposing mutation, the other with the average age at onset 

for family members without the mutation. The early-onset distribution would lead to 

elevated RRs at younger ages for mutation-carrying family members but have little 

effect on the RRs at a later age, leaving only the average risk for older men without 

the mutation. The net effect would be a RR that decreased with the age of the at-risk 

relative. 

Many of the case-control studies have been unable to report on the effect of the 

relative’s age as they collected only the fact of prostate cancer in male relatives and 

not the age at diagnosis of these relatives. Results from the individual studies that 

have reported the RR by the age of the relative (the Type II RR) have varied. Some 

have found a decrease in RR with increasing age of the relative (47,50,52,54,83) 

whereas others have found no effect (55,70,79,85,86).  

Fewer studies have investigated the effect of both the age at diagnosis of the index 

case and the age of the relative at risk (51,83,86). Several have reported a U-shaped 

relationship in RR with higher RRs in the youngest and oldest age groups (57,70). Yet 

others have reported finding no relationship with age (40,59) and one found an 

increase in RR with the age of the relative (85).  

The meta-regression in Chapter 3, suggested that the RR had an inverse relationship 

with the age of the relative at risk but publication bias or failure to report non-

significant results could have influenced that finding. As discussed above, a decrease 

in RR with increasing age of the relative might be expected if prostate cancer 

susceptibility had a genetic basis. The only indication of such a finding from this 

study was for the analysis of first-degree relatives of cases for the follow-up period 
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from January 1992. This corresponds to the period of widespread PSA testing in 

Australia. The decrease in RR was not seen for either fathers or brothers separately. 

Brothers made a greater contribution to this follow-up period and are likely to account 

for most of this effect but there may have been insufficient power to detect the effect 

when brothers were considered separately.  

The effect of PSA testing 

There has been considerable debate about the extent of over-diagnosis of prostate 

cancer (7,8,10) and the clinical significance of many of the prostate cancer diagnoses 

made during the PSA era (132).  

Approximately 50% of men in their 50s and higher proportions of older men will 

show histological evidence of prostate cancer (154) but in only a small proportion of 

these men will the disease become clinically apparent in their lifetime or before death 

from other causes intervenes. Testing for prostate cancer in men over the age of 50 is 

therefore likely to detect these sub-clinical asymptomatic cancers.  

Concern about personal cancer risk is greater if a sibling is diagnosed with cancer (41) 

and PSA testing has been associated with a family history of prostate cancer (12). 

Thus men with affected relatives are more likely to seek testing for the disease and 

this will, in turn, lead to prostate cancer diagnosis in a proportion of these men. 

Whether it is over-diagnosis of clinically insignificant disease or not, a prostate cancer 

diagnosis in a man creates a family history of the disease for his relatives. 

An insight into the effect of PSA testing can be gained by comparing the RRs 

estimated for the different follow-up periods. Most fathers were diagnosed before the 

end of 1991, while for brothers, most diagnoses occurred after 1991 during the period 

of widespread PSA testing. If the RR of prostate cancer were the same for each type 

of first-degree relative, then insights into the effects of PSA testing can be gained by 

comparing the RRs estimated for the two follow-up periods. The instructive 

comparisons are therefore between the fathers’ generation in the early follow-up 

period and the brothers’ generation in the later follow-up period. 

The RR showed no trend with the age of the father for the follow-up period to the end 

of 1991. During the later follow-up period from January 1992, the RRs for brothers of 

the cases diagnosed before the age of 60 were inversely associated with the brother’s 

age. In addition, the RRs for younger brothers of the earlier onset cases were higher 
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than those for the fathers of these cases but the decline in the RR with the age at 

diagnosis of the case was more rapid for brothers resulting in comparable RRs for 

relatives of the later onset cases. This raises the possibility that the prostate cancer 

diagnoses of these younger men may have prompted PSA testing of their brothers. 

A prostate cancer diagnosis in a brother may be a stronger incentive for seeking PSA 

testing than having an affected father who would have been diagnosed some years 

earlier and possibly at a later age. Both the time difference and the age difference may 

diminish the salience of the father’s disease.  

Most of the previous studies were conducted prior to the widespread use of PSA 

testing for the detection of prostate cancer. In studies conducted prior to the era of 

opportunistic screening with PSA, the prostate cancer diagnoses were more likely to 

have been of clinically significant disease that would have an impact on the survival 

prospects of the affected men. The detection in related men of asymptomatic cancers 

that would have remained latent during their lifetime will diminish the importance of 

a family history of prostate cancer and bias familial risk estimates (41). The lower RR 

estimates for the later follow-up period suggest that over-diagnosis of less significant 

disease may have reduced the importance of a family history of prostate cancer. 

Stage and grade 

Men with a family history of prostate cancer are diagnosed at an earlier age but a 

family history might also affect other aspects of clinical presentation in these men. 

PSA testing of asymptomatic men will detect tumours at an earlier stage and with a 

lower grade (6) and both of these features are associated with better survival prospects 

(4). The testing of asymptomatic affected relatives will inevitably lead to a prostate 

cancer diagnosis in a proportion of them but the clinical significance of the disease for 

these men remains uncertain.  

In this study the trend was not significant but there was a tendency toward a higher 

RR for relatives of men with lower grade and less advanced stage at diagnosis. The 

relatives of affected men may be more likely to be investigated for prostate cancer 

once a family member has been diagnosed or they may attend to urinary tract 

symptoms sooner. Information to confirm either of these speculations was not 

available from men in this study but there have been other reports that hereditary 

prostate cancer was not associated with higher grade or later stage tumours 
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(133,134,148) (84,106,136,141,142,145,149). Some of these studies were based only 

on cases who did not have metastatic disease and that were deemed suitable for 

radical surgery, thus the results may not be generalisable to a wider population. 

Even with no differences between familial and sporadic prostate cancer in the clinical 

features of the tumours, there could be differences in the progression rates or 

metastatic potential of familial cancers that could impact upon survival and quality of 

life. Screening for cancers results in earlier diagnosis but subsequent survival 

estimates are subject to lead-time bias whereby the advancement of diagnosis results 

in a longer apparent survival period even though the date of death may be unaffected. 

Rodriguez et al. (86) found a higher mortality rate among men with a family history 

of prostate cancer detected prior to the PSA screening era. Kupelian and colleagues 

observed a higher likelihood of biochemical failure following radical prostatectomy in 

familial prostate cancer patients (143,144) but two other studies reported no 

differences in outcome for familial cancer patients (142,150).  

Results presented in Chapter 7 indicated that survival was no different for men with a 

family history of prostate cancer but adjustment could not be made for lead-time bias. 

The lower grade and earlier stage at diagnosis for men with a family history of 

prostate cancer suggests that lead-time bias may be important in explaining the lack of 

a survival difference for these men. Alternatively, PSA testing of these men might 

detect clinically insignificant disease that would not have an impact on the relative’s 

life expectancy. 

Summary 

Men with a family history of prostate cancer have a higher risk of being diagnosed 

with the disease. It is very likely that the age at diagnosis of the first case in the family 

influences the risk of prostate cancer in other family members. Studies from the era 

prior to the introduction of PSA testing for prostate cancer detection have tended to 

find an inverse relationship between an increased risk of prostate cancer and the age at 

diagnosis of the initial case. The results of this study largely confirm this but the 

interpretation of results is complicated by the interplay of PSA testing and prostate 

cancer family history. Further, the clinical characteristics and outcomes for men with 

familial cancer do not appear to differ from those for men with sporadic disease. 
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Chapter 9 

Co-aggregation of other cancers with prostate cancer 

Introduction 

Stratification of families according to the co-aggregation of cancer types has been a 

useful strategy in the search for genetic mutations that increase predisposition to 

cancers, such as breast and colorectal cancers, and has assisted in the identification of 

specific mutations responsible for these cancers (155). 

Cancer is a disease of dysregulation of cell growth resulting from alterations in 

normal genetic functions (156). Genes controlling normal cell growth and 

differentiation are altered or inactivated resulting in uncontrolled growth and 

proliferation. The genetic alterations leading to tumour development can arise in two 

broad classes of genes, proto-oncogenes and tumour suppressor genes. Genetic 

changes in proto-oncogenes can result in failure of the cell to manufacture the 

products that mediate cellular growth and proliferation. The products of proto-

oncogenes promote normal cell growth so that inappropriate expression of these genes 

results in oncogenes whose products are constantly in the activated state. 

Alterations to both alleles of a tumour suppressor gene result in loss of regulation of 

normal cell growth and proliferation. The suppressing gene product is either missing 

or defective so that abnormal growth is not suppressed (157). Metastatis suppressor 

genes enable tumour cells to invade surrounding tissues and establish the conditions, 

such as stromal formation and angiogenesis, necessary for further growth (158).  

Because gene products act to regulate the cell cycle, they can exert effects in a range 

of different cells and their tumorigenic effects may not be confined to a particular 

organ (156). Loss of function of the tumour suppressor gene p53 has been shown to 

result in cancers at a number of body sites (159). 

Some hereditary cancer syndromes are associated with co-aggregation of cancers at 

different sites. Families carrying germ-line mutations in the BRCA1 or BRCA2 genes 

have increased susceptibility to breast and ovarian cancers as well as increased 
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incidence of prostate cancer (160). Families with hereditary non-polyposis colorectal 

cancer (HNPCC) show an excess of cancers of the endometrial, stomach, small bowel, 

pancreas, hepatobiliary tract, brain, and uroepithelial tract and a possible decrease in 

lung cancers (161). Other hereditary cancers, such as familial adenomatous polyposis 

(FAP) resulting from a germ-line mutation in the APC gene, tend to be site specific 

(162). 

There is firm evidence of familial aggregation of prostate cancer from case-control 

and cohort studies. Segregation analyses conducted in a number of different 

populations have found support for Mendelian inheritance of the disease. A 

segregation analysis using data from this case-control-family study found evidence for 

a dominantly inherited increased risk at younger ages and a recessive or X-linked 

increased risk at older ages (19). Both these modes of transmission have been 

observed in other segregation analyses (18,20-23,163,164). Despite the strong support 

for an inherited basis for prostate cancer susceptibility, no genes that predispose to the 

disease have yet been conclusively identified. If prostate cancer can to shown to co-

aggregate with other cancers, stratification of families based on clusters of cancers 

might also prove useful in the search for prostate cancer susceptibility genes (155). 

Published studies have reported on either the co-aggregation of cancers in relatives of 

men with prostate cancer or the risk of prostate cancer for men whose relatives have 

cancers at other sites. The findings, however, have been inconsistent. An increased 

risk of breast cancer for relatives of prostate cancer patients has been reported for 

several populations in Europe (165,166) and the USA (167) but the same result has 

not been observed in other studies (49,56,57,59,87,168). Other cancers that have been 

found at a higher than expected rate for relatives of men with prostate cancer include 

gastric cancer (57,165), cancers of the colon (49,168), rectum (49), endometrium and 

ovary (167), kidney (59), bladder (165), central nervous system (49,87) and non-

Hodgkin lymphoma (49). There have also been reports suggesting that prostate cancer 

does not co-aggregate with cancers at any other site (56,67). An increased risk of 

prostate cancer has been reported for relatives of cases with breast (169-171), ovarian 

(160,172), colorectal cancers (49) and non-Hodgkin lymphoma (49). 

In this chapter the relationship between prostate cancer and cancers at other sites will 

be explored for case and control families and for the families categorised according to 

the strength of their family history of prostate cancer.  
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Methods 

Proportional hazards modelling, as described in Chapter 8, were used for analyses in 

this chapter with the reconstructed cohort of relatives extended to include female 

relatives. Information available about the relatives included their relationship to the 

proband, their current age or age at death if not still alive, the case-control status and 

the reference age of the proband in the family. For relatives reported to have been 

diagnosed with cancers other than skin cancer, their age at diagnosis and the site of 

their cancer was also obtained. The exposure was defined in the first instance by the 

case-control status of the proband.  

To examine the effect of the strength of family history, four levels of exposure were 

defined: control families with no history of prostate cancer, ‘sporadic’ families 

comprising case families without a history and control families with a history of 

prostate cancer, ‘familial’ cancer families with multiple affected members but not 

fitting the HPC criteria and, finally, the families fitting the HPC criteria. Control 

families with no history of prostate cancer were the comparison group for these 

analyses. Because some control families had a history of prostate cancer and some 

cases had no relatives with the disease, these families were considered to be 

equivalent in terms of exposure to a family history of prostate cancer. The effect of 

the age at diagnosis of the youngest case in the family was assessed by comparing 

families whose youngest affected male was less than 60 years at diagnosis with those 

whose youngest family member was aged 60 years or more at diagnosis. For controls 

with no family history of prostate cancer, the age used was the reference age of the 

proband.  

Results 

Case-control status of the family 

There were 24 795 relatives in the cohort and the breakdown of these by case-control 

status and relationship to the proband is given in Table 9.1. A total of 1052 cancers 

was reported for these relatives. The breakdown of the cancers by site and sex is given 

in Table 9.2. At least one cancer was reported for 1180 (9.0%) case relatives and 997  

(8.4%) control relatives. 
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Table 9.1 Relationship to proband and case-control status of relatives in the 
cohort 

Relationship to proband Case relatives Control relatives 

Father 1475 1407 

Mother 1475 1407 

Brother 1890 1902 

Sister 1765 1859 

Son 1835 1676 

Daughter 1771 1615 

Paternal uncle 1269 947 

Paternal aunt 143 41 

Maternal uncle 1276 923 

Maternal aunt 198 39 

Total 13097 11816 
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Table 9.2 Cancers reported in relatives by sex and cancer site 

Case families Control families 
Cancer site 

Males Females Total Males Females Total 

Head & neck 37 10 47 48 8 56 

Oesophagus 7 6 13 6 2 8 

Stomach 52 35 87 46 29 75 

Colorectum 125 93 218 112 66 178 

Other digestive tract 2 2 4 1 8 9 

Liver 32 29 61 27 13 40 

Gallbladder 5 4 9 – 2 2 

Pancreas 20 12 32 8 17 25 

Lung 130 37 167 119 31 150 

Other respiratory 6 3 9 4 1 5 

Bone 18 6 24 9 4 13 

Connective tissue 3 0 3 3 0 3 

Melanoma 40 25 65 18 20 38 

Breast – 164 164 – 124 124 

Cervix – 39 39 – 31 31 

Uterus – 17 17 – 21 21 

Ovary – 16 16 – 14 14 

Other female genital – 2 2 – 3 3 

Testis 17 – 17 5 – 5 

Bladder 33 5 38 16 5 21 

Kidney 14 7 21 10 4 14 

Brain 22 16 38 24 21 45 

Central nervous system – – – – 1 1 

Thyroid 3 7 10 0 2 2 

Unknown site 59 26 85 65 29 94 

Non-Hodgkin lymphoma 14 8 22 13 9 22 

Hodgkin lymphoma 2 2 4 5 2 7 

Multiple myeloma 6 2 8 3 4 7 

Leukaemia 24 11 35 30 9 39 

Total cancers other 
than prostate cancer 

671 584 1245 572 480 1052 
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Table 9.3 shows the RRs for case relatives compared with control relatives for each 

site separately and for all cancers other than prostate cancer. Overall, there was no 

increase in the RR for cancers other than prostate cancer for case relatives compared 

with control relatives. The only site with a significantly elevated RR was melanoma. 

Moderately increased RRs were seen for gallbladder, testicular and thyroid cancers.  

The RRs were then stratified according to the age at diagnosis of the youngest family 

member with prostate cancer. The RRs can be interpreted as the increased risk of 

cancer at the specified site for relatives of men diagnosed before or from the age of 60 

years. Several RRs could not be calculated because there were no diagnoses at that 

site in the given age stratum. The increase in the RR for melanoma was not significant 

for either of the separate age strata. The RR of breast cancer was elevated for the 

female relatives in families with late-onset prostate cancer cases. For uterine cancer, 

the RR was lower in the females from early-onset prostate cancer families. For 

relatives in families with late-onset prostate cancer, the RR of liver cancer was 

significantly elevated. The reduced RR for brain and CNS tumours was significant 

only for relatives from late-onset families. Testicular and thyroid cancer RRs were 

elevated for both age strata but neither was significant. 
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Table 9.3 RR (95% CI) by cancer site and age group of the proband 

Cancer site All ages < 60 years ≥ 60 years 

Head & neck 0.73 (0.49 – 1.09) 0.49 (0.23 – 1.02) 0.91 (0.56 – 1.48) 

Oesophagus 1.41 (0.55 – 3.63) 0.51 (0.10 – 2.56) 2.53 (0.80 – 8.05) 

Stomach 1.01 (0.74 – 1.38) 0.77 (0.46 – 1.43) 1.18 (0.80 – 1.75) 

Colorectum 1.07 (0.86 – 1.33) 1.08 (0.78 – 1.50) 1.03 (0.78 – 1.37) 

Other digestive tract 0.38 (0.12 – 1.30) 0.65 (0.09 – 4.70) 0.29 (0.06 – 1.48) 

Liver 1.32 (0.88 – 1.98) 0.72 (0.37 – 1.40) 1.87 (1.12 – 3.12) 

Gallbladder 3.45 (0.74 – 15.8) 2.41 (0.28 – 20.9) 3.98 (0.46 – 34.4) 

Pancreas 1.17 (0.66 – 1.18) 1.13 (0.49 – 2.59) 1.08 (0.55 – 2.13) 

Lung 0.96 (0.76 – 1.21) 0.88 (0.61 – 1.27) 0.99 (0.73 – 1.34) 

Other respiratory 1.53 (0.51 – 4.57) 1.30 (0.12 – 13.7) 1.73 (0.51 – 5.85) 

Bone 1.60 (0.81 – 3.15) 0.86 (0.35 – 2.15) 2.76 (0.98 – 7.77) 

Connective tissue 0.88 (0.18 – 4.39) 0.36 (0.03 – 4.02) 2.03 (0.18 – 22.8) 

Melanoma 1.52 (1.00 – 2.30) 1.92 (0.97 – 3.78) 1.19 (0.69 – 2.05) 

Female breast 1.20 (0.94 – 1.52) 0.86 (0.59 – 1.27) 1.42 (1.04 – 1.94) 

Cervix 1.15 (0.72 – 1.85) 1.64 (0.70 – 3.80) 0.93 (0.51 – 1.68) 
Uterus 0.72 (0.38 – 1.38) 0.29 (0.09 – 0.93) 1.14 (0.50 – 2.57) 

Ovary 1.01 (0.48 – 2.16) 0.81 (0.25 – 2.61) 1.06 (0.40 – 2.80) 

Other female genital 0.61 (0.10 – 3.55) – 1.06 (0.15 – 7.379) 

Testis 4.34 (0.53 – 9.40) 4.34 (0.53 – 35.7) 2.75 (0.72 – 10.4) 

Bladder 1.56 (0.90 – 2.71) 1.30 (0.52 – 3.28) 1.72 (0.86 – 3.42) 

Kidney 1.29 (0.66 – 2.54) 1.10 (0.36 – 3.30) 1.43 (0.61 – 3.35) 

Brain 0.75 (0.48 – 1.16) 1.00 (0.54 – 1.86) 0.50 (0.23 – 0.91) 

Brain & CNS 0.73 (0.47 – 1.13) 0.99 (0.53 – 1.84) 0.44 (0.23 – 0.88) 

Thyroid 4.43 (0.97 – 20.2) 4.57 (0.54 – 38.9) 3.18 (0.34 – 30.0) 

Unknown site 0.79 (0.57 – 1.09) 0.77 (0.46 – 1.27) 0.78 (0.51 – 1.19) 

Non-Hodgkin lymphoma 0.88 (0.49 – 1.59) 0.63 (0.29 – 1.41) 1.12 (0.47 – 2.63) 

Hodgkin lymphoma 0.51 (0.15 – 1.77) – 1.03 (0.26 – 4.17) 

Multiple myeloma 0.99 (0.36 – 2.76) 0.66 (0.12 – 3.45) 1.25 (0.33 – 4.69) 

Leukaemia 0.78 (0.48 – 1.27) 1.15 (0.50 – 2.68) 0.62 (0.34 – 1.15) 

Cancers other than 
prostate cancer 

1.03 (0.94 – 1.13) 0.90 (0.78 – 1.05) 1.091 (0.96 – 1.23) 
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Strength of the family history 

When families were grouped according to the strength of the family history of 

prostate cancer rather than case-control status of the proband, there were no 

differences between the groups in the RR for cancers other than prostate cancer (Table 

9.4). The RRs for both melanoma and bone cancers were elevated for families fitting 

the HPC criteria and the increasing trend in RR across the groups was significant for 

both sites (p = 0.03 for bone and p = 0.02 for melanoma). The bladder cancer RR was 

elevated for the ‘sporadic’ prostate cancer families (cases without, and controls with, 

a family history of prostate cancer). An increase in the RR for thyroid cancer was only 

evident for the familial prostate cancer families (with multiple cases of prostate cancer 

but not fitting the HPC criteria). The RR for stomach cancer was lower only for the 

familial prostate cancer families. The RRs for gallbladder cancer showed opposite 

effects for familial prostate cancer families and the HPC families but the confidence 

intervals were very wide and the results are likely to be explained by the small 

number of cases. 

The RRs were not altered substantially when stratified according to the minimum age 

at diagnosis of prostate cancer in the family. The RR for melanoma in HPC families 

was significant only for families in which the youngest case was diagnosed with 

prostate cancer before the age of 60 years (RR = 3.39; 95% CI 1.29 – 8.90). The RR 

for brain and CNS tumours was significantly lower only for ‘sporadic’ case families 

whose youngest case of prostate cancer was diagnosed after the age of 60 years (RR = 

0.45; 95% CI 0.23 – 0.89). 
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Table 9.4 RR (95% CI) by cancer site and type of prostate cancer family history 

Cancer site Sporadic Familial HPC criteria 

Head & neck 0.76 (0.50 – 1.15) 0.33 (0.13 – 0.84) 0.74 (0.24 – 2.30) 

Oesophagus 2.39 (0.83 – 6.83) – – 

Stomach 1.00 (0.72 – 1.39) 0.49 (0.26 – 0.96) 0.57 (0.19 – 1.69) 

Colorectum 1.14 (0.91 – 1.43) 0.79 (0.53 – 1.17) 0.78 (0.386 – 1.57) 

Other digestive tract 0.43 (0.13 – 1.44) – – 

Liver 1.43 (0.93 – 2.18) 0.67 (0.30 – 1.49) 0.73 (0.18 – 2.87) 

Gallbladder 4.72 (0.50 – 44.8)  17.7 (1.42 – 219) 0.04 (0.004 – 0.46) 

Pancreas 1.19 (0.68 – 2.09) 0.99 (0.41 – 2.39) 1.30 (0.32 – 5.27) 

Lung 1.01 (0.79 – 1.30) 0.85 (0.57 – 1.28) 0.77 (0.34 – 1.74) 

Other respiratory 1.14 (0.35 – 3.71) 1.31 (0.25 – 7.07) 2.52 (0.29 – 21.8) 

Bone 1.35 (0.64 – 2.86) 1.50 (0.54 – 4.21) 3.40 (1.05 – 11.0) 

Connective tissue 1.45 (0.24 – 8.72) 1.80 (0.16 – 19.8) – 

Melanoma 1.15 (0.43 – 1.81) 1.47 (0.79 – 2.74) 3.26 (1.50 – 7.11) 

Female breast 1.25 (0.96 – 1.61) 1.17 (0.78 – 1.77) 0.98 (0.48 – 1.98) 

Cervix 1.16 (0.70 – 1.90) 0.94 (0.39 – 2.25) 0.66 (0.09 – 4.73) 

Uterus 0.73 (0.37 – 1.44) 0.64 (0.19 – 2.15) – 

Ovary 0.83 (0.36 – 1.90) 0.59 (0.14 – 2.47) 2.31 (0.54 – 9.93) 

Other female genital 0.66 (0.11 – 3.85)  – – 

Testis 3.36 (0.91 – 12.4) 2.872 (0.55 – 15.0) 3.56 (0.38 – 33.4) 

Bladder 2.50 (1.33 – 4.68) 1.43 (0.55 – 3.69) 2.75 (0.83 – 9.15) 

Kidney 1.16 (0.57 – 2.34) 1.01 (0.33 – 3.06) – 

Brain 0.65 (0.40 – 1.05) 0.90 (0.46 – 1.77) 0.35 (0.05 – 2.48) 

Brain & CNS 0.64 (0.39 – 1.03) 0.87 (0.45 – 1.71) 0.34 (0.05 – 2.39) 

Thyroid 2.91 (0.59 – 14.3) 8.07 (1.45 – 44.9) – 

Unknown site 0.94 (0.67 – 1.33) 0.67 (0.37 – 1.20) 0.67 (0.25 – 1.78) 

Non-Hodgkin 
lymphoma 

0.77 (0.40 – 1.48) 1.36 (0.58 – 3.17) 0.74 (0.10 – 5.225) 

Hodgkin lymphoma 0.81 (0.25 – 2.65) – – 

Multiple myeloma 0.68 (0.22 – 2.16) 1.56 (0.41 – 6.01) – 

Leukaemia 0.78 (0.46 – 1.33) 1.53 (0.76 – 3.09) – 

Cancers other than 
prostate cancer 

1.06 (0.96 – 1.18) 0.89 (0.77 – 1.05) 0.81 (0.64 – 1.04) 
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Summary of results and comparisons with other studies 

Case and control families did not differ in their overall risk of cancer other than 

prostate cancer. The only individual site that showed case-control differences in risk 

was melanoma and the increased risk did not appear to be related to the age at 

diagnosis of the youngest case in the family. Different sites emerged as possible co-

aggregating sites after stratification of the cohort by the age at diagnosis with prostate 

cancer of the youngest family member. The RR of cancer of the uterus was reduced 

for the families with early-onset prostate cancer. The RRs of liver and female breast 

cancers were increased while those for brain and CNS cancers were lower for 

relatives from the late-onset families.  

Raised RRs were seen for several sites when the cohort was stratified by the strength 

of a prostate cancer family history but sites showing significantly elevated RRs and a 

trend across the groups were bone cancer and melanoma.  

An increased RR of melanoma for relatives of prostate cancer cases has been reported 

by another study from the UPDB (173) and no dependence on the age at diagnosis of 

the case was noted. In our study, the RR was higher in families fitting the HPC 

criteria and there was an increasing trend with increasingly strong family history of 

prostate cancer. Somatic mutations in the tumour suppressor gene, PTEN, on 

chromosome 10q23 have been found in a number of human malignancies including 

melanoma and prostate, breast, brain, thyroid, kidney and thyroid tumours (173).  

Vitamin D receptor polymorphisms were shown in one study to be associated with an 

increased risk of prostate cancer in men with above-average sunlight exposure (174). 

Correlations in sun exposure among family members with these polymorphisms could 

also lead to higher incidence of melanoma in these families although it is unlikely that 

this would account for the co-aggregation of the cancers seen in this study. 

A lower RR for brain and CNS tumours does not appear to have been reported 

elsewhere but there have been reports from the US of an increased risk of these 

tumours in relatives of cases (47,49,87,175). One study has reported linkage to 

chromosome 1p36 for some North American families with prostate and brain tumours 

(176) but others have failed to confirm this association in different groups of families 

(177,178). 



 

201 

An increased RR of female breast cancer was seen only for case families in which the 

youngest case of prostate cancer was diagnosed after the age of 59 years. After 

stratification by the strength of the prostate cancer family history, the highest RR of 

breast cancer was seen for families with no family history of the disease. A number of 

studies have reported an increased RR for breast cancer in relatives of prostate cancer 

cases (47,84,165-167,173,179) while others have found no co-aggregation of these 

two cancers (39,56,66-68,77,87). BRCA1 and BRCA2 mutation carriers have an 

increased risk of both ovarian and prostate cancers (180) but the rarity of these 

mutations in the population means that few of the cases in this study are likely 

carriers. Only one family in the study had cases of prostate, breast and ovarian cancers 

and could be a candidate for BRCA1/2 testing but, to our knowledge, this has not 

been undertaken. An elevated RR of prostate cancer has been observed among 

relatives of breast cancer and ovarian cancer cases (49,160,169,170) but, as there 

would be very few male carriers of the BRCA mutations amongst the cases in this 

study, an excess of breast or ovarian cancers in families of these men is unlikely to be 

detected. Furthermore, there was no increase in either breast or ovarian cancers for 

families fitting the HPC criteria.  

Positive associations between prostate and colorectal cancers have been reported 

(49,168,175) but our study is in agreement with the reports of no association between 

these cancers (39,67,68). Several studies have shown positive associations between 

prostate and stomach cancers (54,57,165) but negative associations have not 

previously been reported. 

An excess of liver cancers in older case relatives was observed in our study. An 

association between liver and prostate cancer has also been reported by another group 

(54). As seen in Chapter 5, there appeared to be over-reporting of liver cancers by 

men in this study that could stem from the fact that liver is a common metastatic site 

for prostate and other cancers (118,181).  

The relatively small numbers of other cancers at the remaining sites would lead to 

unstable estimates for the RRs at those sites and it should be noted that many of the 

confidence intervals were wide. However, the weakness of the positive associations 

for this study, the lack of consistent results across studies in a wide range of 

populations and locations, and the diverse aetiologies of different cancers, suggest that 

prostate cancer does not co-aggregate strongly with other cancers.  
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Lack of co-aggregation with other cancers 

There could be a number of explanations for prostate cancer failing to show co-

aggregation with other sites. Unlike other cancers with a strong hereditary component, 

such as breast and colon cancers, for which inherited germ-line mutations have been 

identified in single genes, genes conferring an increased susceptibility to prostate 

cancer have so far proved difficult to locate. Prostate cancer susceptibility may not be 

confined to a small number of high-risk loci. Regions on at least 11 chromosomes 

have been implicated in prostate cancer in high-risk families as a result of linkage 

analyses carried out in a variety of populations (155). Eight specific loci on six 

different chromosomes have been reported but most have not been confirmed in 

populations other than those in which the associations were first detected. Some 

candidate genes have been identified but definitive associations with prostate cancer 

have not been confirmed. 

In each search, linkage to the putative susceptibility locus was apparent in only a 

small number of the families. This means that, in a large number of the families 

tested, the prostate cancer was due to genetic mutations at other undetermined sites or 

other causes. The failure to duplicate the results of linkage analyses across different 

populations might indicate that prostate cancer arises from different genes in different 

populations.  

Prostate cancer shows extensive genetic heterogeneity with losses or gains on a range 

of different chromosomes (168). Alterations in different chromosomal regions can 

lead to activation of oncogenes, inactivation of tumour suppressor genes or defects in 

mismatch repair genes. Thus prostate cancer may be a complex of diseases arising 

from multiple progenitor stem cells rather than a single disease (182). This locus 

heterogeneity implies that mutations in different genes can produce the same disease. 

It could also imply that each disease locus has a different effect on different organ 

systems. If each of these loci caused co-aggregation of prostate cancer with a different 

cancer site, co-aggregation might not necessarily be detected because of the 

multiplicity of the loci.  

Alternatively, prostate cancer may be a polygenic or multifactorial disease resulting 

from the joint effects of a large number of genes each having a lower risk (155). The 

effects of these genes could be specific to prostate cancer or, as indicated above, 

might lead to cancers at a wide variety of other sites. In the former case, co-
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aggregation with other cancers would not be found. In the latter case we would expect 

to see an overall increase in all other cancers in relatives of men with prostate cancer 

but this was not observed in our study. 

PSA testing will detect cancers that would not normally have come to clinical notice 

within a man’s lifetime. In doing this, PSA testing changes the phenotype of some 

men by shifting some of those who would have remained undiagnosed in the absence 

of testing to the affected phenotype. This undoubtedly occurred in some of the men in 

our study. These will be included as cancer cases but may have a different genetic 

profile from the symptomatic, clinically detected prostate cancers. A dilution of the 

sample of significant cases with insignificant prostate cancer could also mask co-

aggregation patterns and make them difficult to detect. 

Sample limitations 

If co-aggregation of prostate cancer with other sites were only weak, large sample 

sizes would be needed to observe it in a given population. This study may have been 

too small to detect weak associations. Studies in larger populations such as the UPDB 

and the linked population studies in Scandinavia have failed to show consistent 

aggregation of prostate cancer with other specific sites. This strongly suggests that it 

will not be possible to define a constellation of cancers to describe an hereditary 

prostate cancer syndrome.  

Summary 

Stratification of families on the basis of their co-aggregation with other cancers was a 

strategy adopted in the identification of the specific genetic loci in other cancer 

syndromes. From this and other studies, it appears that prostate cancer does not show 

appreciable co-aggregation with cancers at other sites. Unlike breast and colon 

cancers, families likely to be harbouring germ-line susceptibility mutations cannot be 

identified on the basis of their association with other cancers and stratification may 

have limited utility in the search for prostate cancer susceptibility genes. 
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Chapter 10 

The risk of prostate cancer in unaffected men with affected 
relatives 

Introduction 

With the establishment of family cancer clinics and increasing interest in genetic 

testing for cancer, men with affected relatives have greater opportunities to seek 

advice regarding their risks of cancer. Unlike breast cancer, no prostate cancer 

susceptibility genes have been identified that would enable genetic testing to be 

offered to suitable families. What is known is that risk depends on the age at which a 

man’s relative(s) was diagnosed, the closeness his relationship to the affected 

relative(s) and the number of relatives who are affected.  

The results from the meta-regression of previous studies carried out overseas differed 

from the analysis of the reconstructed cohort in this study. Current advice in Australia 

is based on data from overseas studies carried out, for the most part, prior to the 

widespread use of the PSA test. Ideally, advice for Australian families should be 

based on locally derived data collected since the introduction of PSA testing. The 

major difference, which was not observed in the present study, was the finding of an 

inverse relationship between the RR and the age of the relative at risk with the meta-

regression. The more detailed analysis of the data from this case-control family study 

enabled estimates of the RRs for different types of affected relative and additional 

cases in the family. First-degree relatives of affected men were at greater risk than 

more distant relatives and RR was higher for men with more than one affected 

relative.  

Recommendations regarding testing and follow-up for men from affected families 

may be more easily understood if they are couched in terms of the absolute risk or the 

probability of being diagnosed within a specified time period. These quantities depend 

not only on the RR but are also influenced by the prostate cancer incidence rates in 

the underlying population and the death rates from prostate cancer and from other 
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causes. Incidence rates vary with ethnicity and PSA testing practices. Rates are 

highest in Black Americans, lowest in Asian men and are higher in countries that have 

high rates of PSA testing. It is thus important to quantify the absolute risks for 

populations with different prostate cancer incidence rates. These estimates are not 

currently available for Australia and would be a useful tool for genetic counsellors 

working in family cancer clinics. 

Data from this population-based family study, conducted during an era of widespread 

PSA testing in Australia, will be used to derive absolute prostate cancer risk estimates 

for unaffected men from families with affected members. The probability that an 

unaffected man aged less than 70 years, with a specific family history of prostate 

cancer, will develop the disease in the next one, five and ten years will be estimated 

according to his age and the age of his affected relative. These probabilities will be 

compared with those for a man with no affected relatives to identify men with a high 

risk of prostate cancer. Participants in the case-control study were all aged less than 

70 years thus the RR estimates in this chapter will be restricted to these men. 

Calculating the probability of developing prostate cancer 

The methods used to estimate the absolute probabilities of prostate cancer were based 

on those described by Gail et al. for breast cancer (113). The first step involved 

estimating the baseline hazard rate for prostate cancer incidence for men without a 

family history of the disease. The age-specific prostate cancer incidence rate in the 

general Australian population is a function of the incidence rate for men in that age 

group with a family history and men without a family history. The hazard rate for 

prostate cancer at a given age can be approximated by the incidence rate of prostate 

cancer applicable to that age. Thus the population hazard is a weighted average of the 

risk for men without a family history and the risk for men with a family history.  

The population hazard rate, h1
*(t), at age t can be written as follows: 

 

 

where h1(t) is the baseline hazard for men without a family history of prostate cancer, 

pi(t) is the proportion of the population in risk group i at age t, and ri(t) is the RR for 

group i at age t. 

(Equation 10.1)})()({)()( 1
*
1 ∑=
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To calculate the required probabilities, the appropriate age-dependent RRs were 

applied to the age-specific baseline hazard rate and the estimates were adjusted for the 

risk of dying from causes other than prostate cancer. 

Following the argument outlined by Gail et al. (113), the probability that a man aged a 

years will develop prostate cancer in the next τ years is given by  

 

where r(t1, t2) is the age-dependent RRsk of prostate cancer for an unaffected man 

aged t1 years with a relative diagnosed at age t2 years, and S2(t1) is the probability of 

surviving competing risks, other than prostate cancer, up to age t1 years. S2(t) is 

defined as  

 

where h2(u) is the hazard function at age u for death due to all causes other than 

prostate cancer. The probability of diagnosis with prostate cancer is thus influenced 

by a man’s current age, the RR applicable to someone in his age group with given risk 

factors, such as a family history of prostate cancer, and to the probability of dying 

from any cause other than prostate cancer. 

If the age scale is divided into intervals of ∆j years, the probability that a man aged a 

years will develop prostate cancer by the age a+τ can be evaluated using 

 

 

where the smallest value of j in the summation satisfies τj-1 = a and the largest value 

of j satisfies τj = a+τ. The S1(τj) represent the probability of remaining free of prostate 

cancer to age τj. The terms can be calculated recursively from 
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The age scale was divided into the intervals [0, 40), [40,45), [45,50), [50, 55), [55,60), 

[60,65), [65, 70). In men aged less than 40 years prostate cancer incidence was 

assumed to be zero, thus the values of a were essentially restricted to 40 ≤ a < 70.  

The population baseline hazard is a composite function of the baseline hazards for 

men with and men without a family history (Equation 10.1). To determine the 

baseline hazard for men without a family history of prostate cancer thus required 

information about the proportion of men in each age group who have a family history 

of prostate cancer and the RR for these men.  

The age-specific proportions of cases with a family history of prostate cancer in 

different types of relative are shown in Table 10.1. There were too few brothers aged 

75 years or over to obtain reliable estimates of the population proportions with 

affected brothers beyond this age and all calculations involving brothers at risk were 

truncated at age 74 years. 
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Table 10.1 Proportions of cases with affected relatives by type of relative affected 

First-degree relative affected 
Age of man at risk Age of affected 

relative  40-44 45-49 50-54 55-59 60-64 65-69 
<40 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
40-44 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
45-49 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
50-54 0.0119 0.0062 0.0054 0.0043 0.0031 0.0028 
55-59 0.0229 0.0119 0.0103 0.0082 0.0059 0.0054 
60-64 0.0408 0.0212 0.0184 0.0147 0.0105 0.0096 
65-69 0.0471 0.0245 0.0212 0.0169 0.0121 0.0111 
70-74 0.0727 0.0378 0.0327 0.0261 0.0187 0.0171 
75-79 0.0916 0.0476 0.0413 0.0329 0.0236 0.0215 
80-85 0.1332 0.0692 0.0600 0.0478 0.0343 0.0313 
85+ 0.0848 0.0441 0.0382 0.0305 0.0218 0.0199 
Total 0.5050 0.2626 0.2275 0.1814 0.1301 0.1186 

Father affected 

<40 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
40-44 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
45-49 0.0125 0.0055 0.0044 0.0035 0.0019 0.0017 
50-54 0.0159 0.0070 0.0056 0.0045 0.0024 0.0021 
55-59 0.0220 0.0097 0.0077 0.0062 0.0034 0.0030 
60-64 0.0315 0.0139 0.0111 0.0089 0.0048 0.0042 
65-69 0.0406 0.0179 0.0143 0.0114 0.0062 0.0055 
70-74 0.0558 0.0246 0.0196 0.0157 0.0086 0.0075 
75-79 0.0735 0.0324 0.0259 0.0207 0.0113 0.0099 
80-85 0.0929 0.0409 0.0327 0.0262 0.0143 0.0125 
85+ 0.0900 0.0396 0.0317 0.0254 0.0138 0.0121 
Total 0.4348 0.1913 0.1529 0.1224 0.0667 0.0586 

Brother affected 

<40 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
40-44 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
45-49 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
50-54 0.0000 0.0011 0.0017 0.0026 0.0023 0.0019 
55-59 0.0000 0.0025 0.0038 0.0058 0.0052 0.0044 
60-64 0.0000 0.0046 0.0070 0.0106 0.0096 0.0080 
65-69 0.0000 0.0048 0.0074 0.0112 0.0101 0.0085 
70-74 0.0000 0.0037 0.0057 0.0086 0.0078 0.0065 
Total 0.0000 0.0168 0.0255 0.0388 0.0351 0.0293 

 

The aim was to calculate the absolute probabilities of prostate cancer for unaffected 

relatives with a specified relationship to affected men. For first-degree relatives and 

brothers, the appropriate RRs were those obtained from the proportional hazards 
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models of the reconstructed cohort based on the complete follow-up period. For men 

with an affected father, the appropriate risk estimates were those from the case-control 

analysis described in Chapter 6. For the sake of convenience, the RRs are shown 

again in Table 10.2. These RRs represent the relative risk of prostate cancer for the 

specified relatives of affected men.  

 

Table 10.2 RRs by type of relative at risk and age at diagnosis of the affected 

Age at diagnosis of the affected relative 
Relative at risk <55 55-59 60-64 65-69 

First-degree 4.88 2.91 2.06 1.46 

Brother 8.28 4.84 2.83 1.65 

 Age at diagnosis of the father 

Son 4.54 2.72 2.95 1.69 

 

Using the age-specific proportions of cases with a family history of prostate cancer 

and the age-specific RRs associated with different types of a family history of the 

disease, different baseline hazard rates for a man with no affected relatives were 

calculated from the prostate cancer incidence rates in the Australian population for the 

year 2000 using Equation 10.1. The rates from 2000 were the most recent available at 

the time of analysis and thus provide the most up-to-date estimates of the absolute 

probabilities. Because cases had different proportions of affected first-degree 

relatives, fathers and brothers, slightly different estimates of the baseline hazards for 

unaffected men were obtained depending on whether a first-degree relative, a father or 

a brother was affected.  

The hazard rates for death due to all causes other than prostate cancer were based on 

the total Australian mortality rates and the prostate cancer mortality rates for 2000. 

Table 10.3 shows the overall Australian population age-specific hazard rates for 

prostate cancer incidence, the different estimated baseline hazard rates for prostate 

cancer incidence for a man without a family history of prostate cancer and the hazard 

rates for death due to any cause other than prostate cancer. The baseline incidence 

hazard rate for a man aged less than 40 years was assumed to be zero. There were no 

men in the study aged less than 40 years on which to base estimates of the proportion 

with a family history of prostate cancer and prostate cancer is rare in men below the 
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age of 40. For men aged between 40 and 55 years, the RR was fixed at that estimated 

for men less than 55 years.  

 

Table 10.3 Hazard rates per person per year used in calculating the probabilities 
of developing prostate cancer 

 Baseline rate for a man with no affected 
relatives based on RR for men with an affected: 

Non-
prostate 

cancer death

Age at risk 

Overall 
prostate 

cancer rate 
for Australia First-degree Father Brother Australia 

<40 0 0 0 0 0.007589 

40-44 0.00002 0.00002 0.00002 0.00002 0.009288 

45-49 0.00017 0.00017 0.00017 0.00017 0.01273 

50-54 0.00061 0.00061 0.00059 0.00061 0.019771 

55-59 0.00181 0.00178 0.00173 0.00180 0.033122 

60-64 0.00337 0.00340 0.00324 0.00335 0.055549 

65-69 0.00569 0.00570 0.00547 0.00565 0.092157 

70-74 0.00692 0.00693 0.00665 0.00687 0.149909 

75-79 0.00844 0.00846 0.00812 0.00839 0.236546 

80-85 0.00970 0.00972 0.00933 0.00964 0.361508 

85+ 0.01019 0.01021 0.00980 0.01013 0.523377 

 

The probabilities that an unaffected man with an affected relative of a given type 

would develop prostate cancer within a specified time were calculated using Equation 

10.2. Table 10.4 shows the probabilities that a man with an affected first-degree 

relative will develop prostate cancer in the next one, five and ten years. Table 10.5 

shows the corresponding probabilities for a man with an affected father and Table 

10.6, for a man with an affected brother. For men with an affected first-degree relative 

and men with an affected brother, the absolute probabilities varied with the age of the 

relative at risk and the age at diagnosis of his case relative but for men with an 

affected father these probabilities depended only on his own age and not on the age at 

which his father was diagnosed. Figure 10.1 displays the results graphically. It can be 

seen that the absolute risks are higher for brothers of affected men and are 

substantially higher if the affected bother was diagnosed at a younger age. The results 

for first-degree relatives were largely driven by the men with affected brothers.  
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Table 10.4 The probability of developing prostate cancer in the next one, five and 
ten years for a man with an affected first-degree relative compared with the 
probability for a man with no affected first-degree relatives 

Within 1 year 

Age at diagnosis of the first-degree relative 
Age at 
risk 40-44 45-49 50-54 55-59 60-64 65-69 

No 
affected 
relative 

40-44 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 
45-49 0.0014 0.0010 0.0007 0.0005 0.0003 0.0002 0.0002 
50-54 0.0049 0.0034 0.0024 0.0017 0.0012 0.0009 0.0006 
55-59 0.0143 0.0101 0.0072 0.0051 0.0036 0.0025 0.0018 
60-64 0.0265 0.0188 0.0133 0.0095 0.0067 0.0047 0.0033 
65-69 0.0438 0.0312 0.0222 0.0157 0.0112 0.0079 0.0054 
70-74 0.0521 0.0371 0.0264 0.0188 0.0133 0.0094 0.0065 
75-79 0.0614 0.0439 0.0313 0.0222 0.0158 0.0112 0.0077 
80-84 0.0674 0.0482 0.0344 0.0245 0.0174 0.0123 0.0085 
85+ 0.0666 0.0477 0.0340 0.0242 0.0172 0.0122 0.0084 

Within 5 years 

40-44 0.0006 0.0005 0.0003 0.0002 0.0002 0.0001 0.0001 
45-49 0.0066 0.0047 0.0033 0.0024 0.0017 0.0012 0.0008 
50-54 0.0235 0.0167 0.0118 0.0084 0.0059 0.0042 0.0029 
55-59 0.0667 0.0477 0.0340 0.0242 0.0172 0.0122 0.0084 
60-64 0.1177 0.0849 0.0609 0.0435 0.0310 0.0220 0.0152 
65-69 0.1805 0.1318 0.0953 0.0685 0.0490 0.0350 0.0242 
70-74 0.1978 0.1451 0.1054 0.0760 0.0545 0.0389 0.0269 
75-79 0.2081 0.1535 0.1119 0.0809 0.0581 0.0416 0.0288 
80-84 0.1977 0.1461 0.1067 0.0772 0.0555 0.0397 0.0275 
85+ 0.1657 0.1220 0.0889 0.0642 0.0461 0.0330 0.0229 

Within 10 years 

40-44 0.0070 0.0049 0.0035 0.0025 0.0018 0.0012 0.0009 
45-49 0.0285 0.0203 0.0144 0.0102 0.0072 0.0051 0.0035 
50-54 0.0824 0.0591 0.0422 0.0301 0.0214 0.0152 0.0105 
55-59 0.1595 0.1160 0.0838 0.0601 0.0430 0.0306 0.0212 
60-64 0.2371 0.1755 0.1283 0.0930 0.0669 0.0479 0.0332 
65-69 0.2796 0.2096 0.1546 0.1127 0.0815 0.0585 0.0407 
70-74 0.2721 0.2046 0.1514 0.1106 0.0801 0.0576 0.0401 
75-79 0.2511 0.1886 0.1394 0.1018 0.0737 0.0530 0.0369 
80-84 0.2161 0.1613 0.1187 0.0864 0.0624 0.0448 0.0311 
85+ 0.1657 0.1220 0.0889 0.0642 0.0461 0.0330 0.0229 
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Table 10.5 The probability of developing prostate cancer in the next one, five and 
ten years for a man with an affected father compared with the probability for a 
man with no affected first-degree relatives 

Father affected No affected relatives 

Age at risk 
Within 1 

year 
Within 5 

years 
Within 10 

years 
Within 1 

year 
Within 5 

years 
Within 10 

years 

40-44 0.0001 0.0003 0.0033 0.0000 0.0001 0.0007 
45-49 0.0007 0.0032 0.0119 0.0001 0.0007 0.0032 
50-54 0.0019 0.0092 0.0302 0.0005 0.0026 0.0097 
55-59 0.0049 0.0233 0.0558 0.0016 0.0079 0.0203 
60-64 0.0085 0.0392 0.0694 0.0032 0.0148 0.0326 
65-69 0.0093 0.0409 0.0634 0.0054 0.0239 0.0402 
70-74 0.0090 0.0371 0.0525 0.0064 0.0266 0.0396 
75-79 0.0091 0.0340 0.0420 0.0076 0.0285 0.0365 
80-84 0.0084 0.0272 0.0307 0.0084 0.0272 0.0307 
85+ 0.0083 0.0226 0.0226 0.0083 0.0226 0.0226 
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Table 10.6 The probability of developing prostate cancer in the next one, five and 
ten years for a man with an affected brother compared with the probability for a 
man with no affected first-degree relatives 

Within 1 year 
Age at diagnosis of the brother 

Age at risk <55 55-59 60-64 65-69 
No affected 

relative 
40-44 0.0001 0.0001 0.0000 0.0000 0.0000 
45-49 0.0014 0.0008 0.0005 0.0003 0.0002 
50-54 0.0050 0.0029 0.0017 0.0010 0.0006 
55-59 0.0146 0.0085 0.0050 0.0029 0.0018 
60-64 0.0269 0.0158 0.0093 0.0054 0.0033 
65-69 0.0444 0.0262 0.0154 0.0090 0.0055 
70-74 0.0528 0.0312 0.0184 0.0108 0.0065 

Within 5 years 
40-44 0.0007 0.0004 0.0002 0.0001 0.0001 
45-49 0.0069 0.0040 0.0024 0.0014 0.0008 
50-54 0.0241 0.0142 0.0083 0.0049 0.0029 
55-59 0.0680 0.0404 0.0238 0.0140 0.0085 
60-64 0.1194 0.0718 0.0426 0.0252 0.0153 
65-69 0.1830 0.1119 0.0672 0.0399 0.0243 
70-74 0.2005 0.1235 0.0745 0.0443 0.0271 

Within 10 years 

40-44 0.0072 0.0042 0.0025 0.0015 0.0009 
45-49 0.0294 0.0173 0.0101 0.0059 0.0036 
50-54 0.0842 0.0502 0.0297 0.0175 0.0106 
55-59 0.1620 0.0986 0.0590 0.0350 0.0213 
60-64 0.2401 0.1499 0.0912 0.0546 0.0334 
65-69 0.2831 0.1798 0.1105 0.0666 0.0410 
70-74 0.2754 0.1759 0.1085 0.0655 0.0403 
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Figure 10.1 Probabilities of developing prostate cancer in the next one, five and ten years for men with relatives affected at specified ages
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Summary of the results 

For men without a family history of prostate cancer for any first-degree relative, the 

probability of being diagnosed with prostate cancer in the next year increased with 

age to at least age 80 years. The maximum risk of diagnosis in the next five years 

occurred for men aged 75-79 and in the next ten years was for men aged 70-74. 

Thereafter, the risk began to decrease. The risk of developing prostate cancer 

increased with age but the risk of death from causes other than prostate cancer 

intervened to reduce the probability of older men being diagnosed with the disease in 

the medium to long term. For all age groups, the absolute risk for men without a 

prostate cancer family history was lower than for men with a family history. 

For unaffected men with at least one affected first-degree relative, the RR was related 

only to the age at diagnosis of the case thus the RR applied equally to all first-degree 

relatives at risk in the family regardless of their age. The projected probabilities for a 

relative of a given age decreased with increasing age at diagnosis of the case in the 

family. The risk was highest for men with a relative diagnosed at an early age and the 

highest probabilities of being diagnosed in the next year with prostate cancer were for 

men with a first-degree relative diagnosed before the age of 45 years (Table 10.4). 

The maximum risk of diagnosis in the next five years was for 75-79 year-old relatives 

and in the next ten years was for 65-69 year-olds. Beyond this age the probabilities 

began to decline as the effect of death from other causes intervened.  

For a man with an affected father, the RR estimates were those from the case-control 

analysis and depended on his age rather than the age at diagnosis of his father. As a 

result, there was no change in the projected probabilities with the age at diagnosis of 

the father and a simpler table was obtained (Table 10.5). The probability that a man 

with an affected father would develop prostate cancer in the next year increased with 

age up to 80-84 years and then decreased. The 5-year projected probabilities attained 

a maximum for relatives aged 65-69 years and the 10-year maximum was reached for 

60-64 year-olds. For men over the age of 74 years, the projected probabilities were 

only marginally higher than those for men without affected relatives. 

The risk pattern for men with at least one affected brother was similar to that for men 

with at least one affected first-degree relative except that the risks were substantially 

higher for older men (Table 10.6). The projected probabilities were truncated at age 
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75 as too few brothers were diagnosed beyond that age to obtain precise estimates of 

the RR. Within each age at diagnosis group, the highest risk of being diagnosed 

within the next one or five years was for brothers aged 70-74 years. For diagnosis 

within the next ten years, the maximum probability was attained at age 65-69 years. 

Because of the age truncation, the competing effect of death from other causes only 

came into play for brothers in the 10-year absolute risk estimates. 

Men with high risk  

An absolute 5-year risk of breast cancer of 1.67% or greater has been used in the US 

Food and Drug Administration guidelines to define ‘high-risk’ for chemoprevention 

and used as the eligibility criterion for prophylactic tamoxifen (cited in (183)). If we 

use this arbitrary cut-off point to define men at high-risk of prostate cancer because of 

their family history, men aged 50 years or more with a first-degree relative diagnosed 

with prostate cancer before the age of 50, men aged 55 or over with a relative 

diagnosed before the age of 60 and men over 60 with a relative diagnosed before the 

age of 70 years fall in to the high-risk category. Men without a family history of 

prostate cancer are not considered to be at high risk but reached the 1.67% 5-year risk 

at age 65 years. Thus, men aged between 60 and 64 years with a relative diagnosed 

before the age of 70, men aged between 55 and 59 with a relative diagnosed before 

the age of 65 years and men aged 50 to 54 years with a relative diagnosed before the 

age of 50 could be described as having a high risk of prostate cancer in the next five 

years. The high-risk groups are outlined in Table 10.4. For men 75 years and over, the 

absolute risk of a prostate cancer diagnosis in the next five years decreased and 

approached that experienced by men with no prostate cancer family history. It would 

perhaps be unwise to include men in this age group, with a family history of prostate 

cancer, in a group with high absolute risk even though those with early-diagnosed 

relatives might have a higher RR for the disease.  

For men with an affected father, the absolute probabilities of being diagnosed with 

prostate cancer were only slightly higher than the probabilities for men without 

affected relatives. Only men aged 55 to 64 with an affected father were classified in 

the high-risk group (outlined by the box in Table 10.5).  

The high-risk group for men with an affected brother was similar to that described for 

first-degree relatives except for men aged 50 to 54. These men fell into the high-risk 



 

218 

group only if their brother was diagnosed before the age of 55 years (outlined by the 

box in Table 10.6).  

Each additional affected first-degree relative increased the probability by a factor of 

around 10. Having more than one affected relative increased the absolute risk and 

reduced the age at which the risk reached the 1.67% hurdle by a further 10 years. 

Thus any man with more than one first-degree relative affected would be classified at 

high risk between the ages of 50 and 65 years while men aged between 45 and 65 

years with relatives diagnosed before the age of 55 years would also fall into the high-

risk category. The projected probabilities for brothers were increased by a factor of 

around 5 for each additional brother affected thus all men aged less than 65 years with 

more than one affected brother diagnosed before the age of 60 fell into the high-risk 

group. 

Limitations of the method. 

The reliability of the predicted probabilities will depend on factors such as the 

accuracy of the models used to derive the population prevalence of a family history, 

the RR estimates and their applicability to different populations from the one from 

which they were derived. Random error in these models and in the population 

incidence and mortality estimates as well as the failure to include other, as yet 

unknown, risk factors in the risk equations will also affect the resulting probabilities.  

The RR estimates from the study were based on the events reported by the study 

participants. The accuracy of these estimates will depend to a large degree on the 

reliability of reports of prostate cancer in the family members of participants. 

Differential accuracy of reports by cases and controls could bias the RR estimates 

upwards if cases were more likely to report their affected relatives than were controls 

and this would also inflate the absolute risk estimates. There was no evidence of 

under-reporting of affected first-degree relatives by controls in this study. The 

reported numbers of affected first-degree relatives were consistent with those 

expected on the basis of population prostate cancer incidence rates and the cumulative 

risk by age did not differ from the population cumulative risk. Cases, however, 

reported more affected relatives than expected. This most likely reflects the known 

familial association of prostate cancer but the possibility of a higher false-positive 

reporting rate by cases cannot be excluded and the RRs could be inflated.  
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Even in the case of accurate reporting, if the study participants were not representative 

of the population to which the estimates applied, the projected probabilities would not 

reflect the true probability of prostate cancer in that population. The specific model 

chosen to define the RRs may also be influenced by choices made during the data 

analysis and estimates derived from one data set may not be reliable when applied to a 

different population. There are also likely to be other unspecified, and as yet 

unknown, risk factors that ought to be included in the prediction equations. 

Improvements could be made by including a term for the number of affected relatives 

in Equation 10.1 but, because so few men had more than two affected relatives, the 

RRs are likely to be poorly estimated. 

If the families of men who participated in the case-control study were not typical of 

families in the wider Australian population, the RR estimates obtained may not apply 

across the population. The estimates were based on self-reported family history of 

prostate cancer rather than on the verified cases in a family. As seen in Chapter 5, 

reported prostate cancer for first-degree relatives of controls was close to that 

expected on the basis of population incidence, which suggests that the controls were a 

representative group. The use of self-reported family history could affect the estimates 

but it should also be borne in mind that men seeking prostate cancer testing or 

counselling because of an affected relatives are likely to do so because of their 

perceived, rather than actual, family history. 

Random error will also influence the calculations even when the model is correctly 

specified for the population. The baseline hazard estimates for men with no family 

history assume that the population incidence rates for a given year are in fact the true 

underlying population rates, but the published population rates are simply estimates of 

the underlying rates based on a single observation of the random number of cases 

arising in that year. They will therefore be subject to random fluctuations about the 

‘true’ rates. A similar argument applies to estimates of the baseline mortality hazard 

rates and to the number of affected relatives of study participants. Prostate cancer 

rates increased dramatically in Australia in the mid-1990s but decreased towards the 

end of the decade and have remained relatively stable since then. 

Different baseline hazard rates for men without a family history of prostate cancer 

were calculated using the RR estimates for having an affected first-degree relative, an 

affected father or an affected brother and the corresponding proportions of cases with 
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the specified affected relatives. The baseline hazard rate estimates from these three 

sets of calculations were surprisingly similar (Table 10.3) which suggests that they are 

reasonable estimates of the ‘true’ baseline hazard rate for men without a family 

history of prostate cancer. 

Prostate cancer diagnoses in a family will follow some (unspecified) probability 

distribution with different possible realisations of the diagnosis distribution. The RR 

estimates from the study are based on a single set of observations of events in the 

study population and are thus subject to variation as a result of the distributional 

characteristics of the underlying distribution of diagnoses. This variation is assumed 

to be random but may have a systematic component if biases such as selection or 

differential recall bias operate in the study population. Gail et al. (113) considered the 

uncertainties in the baseline hazards and the RRs and found that errors in the RRs had 

a greater influence on the probability calculations.  

The Gail model was based on RRs derived from a study in which women were 

screened annually for breast cancer. Regular screening is likely to increase rates in 

younger women and reduce them in older women as the breast cancer diagnosis is 

brought forward in time but screening may not affect the RR estimates. Widespread 

PSA testing during the early 1990s led to an increase in the prostate cancer incidence 

rates in Australia and appeared to have increased the RRs for men with affected 

brothers. The model needs to be tested for discriminatory accuracy and goodness of fit 

in different populations and for applicability to diseases other than breast cancer 

before the results can be used in a clinical setting to identify individuals at high risk of 

developing disease (183). Model testing for breast cancer has been carried out in other 

populations (183,184) using general population rates and was found to have 

reasonable goodness of fit in predicting the expected number of cases but poorer 

discriminatory accuracy for identifying individuals who subsequently developed 

disease. These issues would also need consideration for the model applied to prostate 

cancer. 

Summary 

All projected probabilities of developing prostate cancer were higher for men with a 

family history of prostate cancer than for men without affected relatives. This 

remained the case even for the oldest men with relatives diagnosed later in life. If a 
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value for the 5-year absolute risk of prostate cancer was set at 1.67% or greater, men 

aged 50 to 65 years with at least one affected first-degree relative were identified as 

being at ‘high’ risk. For older men with a family history of prostate cancer, the 

increased risk of death from competing causes was important in reducing the 5- and 

10-year probabilities of a prostate cancer diagnosis but the risk remained above that 

for a man without affected relatives.  

Projected probabilities for developing breast cancer have been useful for women at 

elevated risk of the disease to aid counselling and decision making about embarking 

on an intensive surveillance program or undergoing prophylactic mastectomy 

(113,183). For men with a family history of prostate cancer the question is how these 

results should be interpreted given there is no evidence yet that early diagnosis 

reduces mortality, there is only limited evidence to guide optimal treatment (185) and 

most treatment options can lead to undesirable side-effects (4). 

The next chapter will examine whether screening for prostate cancer in men with a 

family history is appropriate. 
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Chapter 11 

PSA testing for men with a family history of prostate cancer 

PSA testing 

In Australia there are no population-based screening programs for prostate cancer but, 

between 1992 and 1996, almost half of Australian men aged 60-69 years had at least 

one PSA test (9). There are as yet no results from randomised screening trials showing 

a survival benefit for screened men, there is uncertainty about the risks posed by a 

diagnosis of prostate cancer through PSA testing and there is lack of consensus about 

the best treatment for localised prostate cancer detected through PSA testing.  

In the absence of randomised controlled trial evidence of reduced mortality in PSA 

screened men, the Urological Society of Australasia#, the Australian Government 

(186) and The Cancer Council Australiaƒ do not support population-based PSA 

screening of asymptomatic men. Despite this lack of support, these professional 

groups agree that PSA testing should be available for men with a family history of 

prostate cancer if they wish to be tested.  

In a climate of increased medical litigation, increased consumer interest in health and 

the availability of health information on the Internet, informed decision-making about 

prostate cancer and PSA testing is important to both doctors and patients. General 

practitioners are being encouraged to discuss the pros and cons of PSA testing with 

patients seeking the test and one of the suggested discussion points is the 

consequences of having a family history of prostate cancer (94). Men with a family 

history are encouraged to be tested for prostate cancer (187) but the controversies 

surrounding PSA testing in asymptomatic men are also relevant to men at increased 

risk because of their family history. 

                                                 
# http://www.urosoc.org.au/info/ainfo.html 
ƒ http://www.cancer.org.au/content.cfm?randid=347200 
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Screening program criteria 

In 1968, the WHO published principles for population-based screening (188) that set 

out criteria for appraising the potential of new population-based screening programs, 

such as mammographic screening for breast cancer and faecal occult blood test 

(FOBT) screening for colorectal cancer. To be justified on a population basis, 

especially if funded from the public purse, the benefits of a screening program, in 

terms of improved survival and quality of life, must be balanced against its costs. 

These costs include adverse psychological outcomes and possible treatment 

complications as well as economic considerations. The UK National Screening 

Committee revised the Wilson and Jungner criteria to give greater weighting to the 

adverse effects of screening, the strength of evidence about the effectiveness of the 

screening program and the opportunity costs of screening§. The revised principles 

(Table 11.1) cover the types of condition suitable for a screening program, the 

properties of the proposed screening test, the treatment available for the condition and 

other aspects of the program, such as efficacy, quality assurance, cost and service 

delivery. The soundness of a program targeting men in the population with a family 

history of prostate cancer should also be assessed in relation to these criteria. 

The condition 

Prostate cancer accounted for 11 191 new cancer cases, 2718 deaths and 5665 

potential years of life lost in Australian men in 2001. Based on the proportion of cases 

in our study that reported a family history of prostate cancer, approximately 1757 of 

the men diagnosed with prostate cancer in 2001 could have at least one affected first-

degree relative and 84 could come from families fitting the HPC criteria. Among the 

total male disease-free population in Australia aged between 40 and 70 years, 

approximately 195 000 could have at least one first-degree relative with prostate 

cancer. If the effects of prostate cancer could be reduced or eliminated in these men, 

there could be substantial gains in terms of improvements in physical and 

psychosocial morbidity for them and their families and a reduction in the use of health 

care resources for the treatment of advanced disease. 

                                                 

§ http:://www.nsc.nhs.uk/pdfs/nsc_handbookfirstdraft.pdf  (Accessed 16 March 2005) 



 

 225

Table 11.1 UK National Screening Committee screening criteria 

The condition 

1 The condition should be an important health problem 

2 The epidemiology and natural history of the condition, including development from 
latent to declared disease, should be understood and there should be a detectable risk 
factor, disease marker, latent or early symptomatic stage 

3 All the cost effective primary prevention interventions should have been implemented 
as far as practicable 

The test 

4 There should be a simple, safe, precise and validated screening test 

5 The distribution of test values in the target population should be known and a suitable 
cut-off level defined and agreed 

6 The test should be acceptable to the population 

7 There should be an agreed policy on the further diagnostic investigation of individuals 
with a positive test result and on the choices available to those individuals 

The treatment 

8 There should be an effective treatment or intervention for patients identified through 
early detection, with evidence of early treatment leading to better outcomes than late 
treatment 

9 There should be agreed evidence-based policies covering which individuals should be 
offered treatment and the appropriate treatment to be offered 

10 Clinical management of the condition and patient outcomes should be optimised by all 
health care providers prior to participation in a screening programme 

The screening programme 

11 There should be evidence from high quality randomised controlled trials that the 
screening programme is effective in reducing mortality or morbidity 

12 There should be evidence that the complete screening programme (test, diagnostic 
procedures, treatment/intervention) is clinically, socially and ethically acceptable to the 
public and health professionals 

13 The benefit from the screening program should outweigh the physical and 
psychological harm (caused by the test, diagnostic procedures and treatment) 

14 The opportunity cost of the screening programme (including testing, diagnosis and 
treatment) should be economically balanced in relation to expenditure on medical care 
as a whole 

15 There should be a plan for managing and monitoring the screening programme and an 
agreed set of quality assurance standards 

16 Adequate staffing and facilities for testing, diagnosis, treatment and programme 
management should be available prior to the commencement of the screening 
programme 

17 All other options for managing the condition should have been considered (eg, 
improving treatment, providing other services) 
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The natural history of prostate cancer is not well understood. Autopsy studies have 

shown that foci of prostate cancer are present in around 50% of 50 year-old men with 

the proportion rising to around 80% of 80 year olds (154). Such findings are similar 

worldwide but in western societies the cancers are larger, multifocal and higher grade 

(189). The higher incidence of diagnosed prostate cancer in western countries and 

studies showing increased rates in migrants from low to high cancer incidence 

countries, have led to the postulate that late-stage environmental promoters prevalent 

in western cultures might be important in triggering the progression of prostate cancer 

(15). Because prostate cancer is very slow growing, progression to symptomatic, 

clinically significant disease is not inevitable within the lifetime of a man with 

histological evidence of the disease (4). Current prostate cancer markers, however, 

cannot distinguish between tumours that are likely to progress sufficiently to require 

treatment and those that will not grow rapidly enough to be clinically evident before 

death from other causes intervenes. A major challenge for prostate cancer research is 

to identify only those individuals whose cancer is likely to progress (190).  

There are no disease markers specific to familial prostate cancer, i.e., prostate cancer 

that occurs in a man with a prior family history of the disease in close relatives. A 

family history of the disease detailing the age(s) at diagnosis of the case(s) in the 

family and their degree of relationship to the individual is relatively easy to obtain and 

appears to be reasonably reliable. The controls in our study reported a prostate cancer 

family history at approximately the proportion expected on the basis of population 

rates. The higher reporting by cases was consistent with the magnitude of familial 

aggregation of the disease reported by many studies. Men with a family history are at 

greater risk of being diagnosed with prostate cancer but the disease in these men is 

clinically and pathologically indistinguishable from that in men with no family 

history. This study and others have suggested the clinical and pathological features of 

familial prostate cancer are not more aggressive or advanced than cancers in cases 

with no family history (106,133,134,136,141,141,142,145,145,147). PSA testing 

could play a role in this. An increase in the incidence rate will increase the likelihood 

of more than one case per family. If the increase in incidence is mainly in 

asymptomatic or early-stage cases there will be a higher proportion of asymptomatic 

men with a family history of the disease. This will be especially true if the probability 

of having a PSA test is related to a family history of prostate cancer.  
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No Victorian cases from families fitting the HPC criteria (a subset of ‘familial’ 

prostate cancer) had died up to June 2004 and survival of men from families with 

multiple cases of prostate cancer appeared to be better than that for men with no 

reported family history of the disease. Men with affected relatives may have their 

diagnosis brought forward because of more intensive surveillance and the resulting 

lead-time bias would lead to improved survival estimates. It is also possible that the 

natural history of familial prostate cancer may be different from non-familial 

‘sporadic’ prostate cancer and the tumours may in fact be less aggressive. These 

issues need clarification and the progression from localised to more advanced disease 

in these men should be understood if selective screening programs are to be 

considered for unaffected family members. 

Prevention 

Advancing age, male sex, African-American race and a family history of prostate 

cancer are firmly established but unmodifiable risk factors for prostate cancer. Early 

age at onset is a characteristic of hereditary cancer syndromes (2). The late age at 

onset of most prostate cancer could imply that environmental factors play a greater 

role in this disease than in many other cancers. A number of potentially modifiable 

risk factors associated with increased prostate cancer risk have been identified in 

epidemiological studies. These agents must first be evaluated in randomised, 

prospective trials before chemoprevention strategies based on their use can be 

developed. Results of one large prevention trial have recently been reported (191) and 

several more are currently underway.  

The Prostate Cancer Prevention Trial was a randomised controlled trial established to 

investigate whether the 5-α-reductase inhibitor, finasteride, could reduce the period 

prevalence of prostate cancer (191). Finasteride inhibits the conversion of testosterone 

to dihydrotestosterone, the primary androgen in the prostate and, as androgens have 

been shown to influence the development of prostate cancer (192), lowering androgen 

levels might reduce the risk of the disease. Over 18 000 men at low risk of prostate 

cancer were randomised to receive either a placebo or 5mg of finasteride daily for 

seven years. Approximately 16% of the participants included in the analysis had a 

first-degree relative with prostate cancer.  
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The trial showed a decrease of almost 25% in the prevalence of prostate cancer over 

the 7-year period for men randomised to finasteride, with no significant difference in 

the risk reductions for men with or without a family history. Men in the finasteride 

arm were less likely to have urinary symptoms and complications than men in the 

placebo group but there were a number of concerns about the drug. Those in the 

finasteride arm reported a higher incidence of adverse effects on sexual function and 

those who developed prostate cancer were more likely to have high-grade tumours. If 

these results were true, men contemplating using the drug as a preventive agent would 

have to weigh the reduction in prostate cancer risk against the increased risk of high-

grade disease and consider which side effects were the most acceptable. On balance, it 

was concluded that finasteride therapy should not be recommended as a 

chemopreventive agent for prostate cancer (193). A similar randomised controlled 

study, the Reduction by Dutasteride in Prostate Cancer (REDUCE) trial, was 

commenced recently to test another 5-α-reductase inhibitor, dutasteride. The 

REDUCE trial will follow 8000 men for four years and results are not yet available 

(194). 

In 2001, the Selenium and Vitamin E Cancer Prevention Trial (SELECT), a double-

blind randomised controlled trial, was initiated to evaluate the potential of vitamin E 

and selenium, alone and in combination, to reduce prostate cancer risk (195). Both 

selenium and vitamin E are antioxidants and oxidative stress-related DNA damage 

might have a role in carcinogenesis of the prostate (194). Over 32 000 men will be 

monitored for 12 years for clinical diagnosis of prostate cancer. Full results are not 

expected until 2013 but subgroup analyses based on moderate to high risk patients, 

such as those with a family history, could be available sooner as fewer subjects are 

required to obtain the necessary number of events (194).  

There has also been interest in the potential of other antioxidants, such as α-

tocopherol (a form of vitamin E), and carotenoids, such as β-carotene and lycopene, to 

reduce prostate cancer risk after epidemiological studies showed that dietary intake of 

foods containing these substances were associated with lower risk (196,197). 

Paradoxically, β-carotene supplementation was shown in the Alpha-Tocopherol Beta-

Carotene Cancer Prevention Trial to increase the risk of prostate cancer. For men in 

the α-tocopherol arm, prostate cancer incidence was reduced by 32% compared with 

men in the placebo arm (198).  
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Nonsteroidal anti-inflammatory drugs (NSAIDS), such as aspirin, and the 

cyclooxygenase type 2 (COX-2) inhibitors have been another focus for 

chemoprevention studies (194,199). Secondary analyses from large clinical trials and 

several epidemiological studies have suggested that the use of NSAIDS might 

decrease the risk of prostate cancer or inhibit its progression (199). COX-2 inhibitors 

may also have a chemoprotective effect against a variety of cancers, including 

prostate cancer, and a prevention trial using rofecoxib was established in the USA in 

2002 (199). With the recent withdrawal of the drug from the market it is unlikely that 

this trial will produce results. 

Dietary factors could also play a role in prostate cancer risk but epidemiological 

studies of diet and cancer have been difficult to interpret. Case-control studies are 

subject to the usual recall biases that are more likely to result in positive associations 

being observed. Measurement of dietary intakes is also a problem as assessment often 

relies on relatively crude dietary questionnaires that can result in misclassification of 

exposures to nutrients (13). Early, predominantly case-control, studies suggested that 

a high dietary fat intake could increase risk but the evidence from more recent work 

has weakened the association (200). Several comprehensive reviews of the available 

data have appeared (13,14,200) making it possible to focus on results obtained from 

cohort studies only.  

Weak or null associations of prostate cancer risk with total fat, saturated fat and 

animal fat intake have been reported even after adjustment for total energy intake 

(13,14). Studies using biomarkers such as serum levels of nutrients have generally 

found null associations (13). The essential fatty acids, linoleic and α-linolenic, have 

been of particular interest in prostate cancer. Biomarker studies of linolenic acid have 

shown either an inverse or null effect whereas α-linolenic acid showed a positive 

association with risk in biomarker studies but inconsistent results from questionnaire-

based studies (13). Oleic acid intake has shown a tendency towards an increase in risk 

(13). There is therefore only weak evidence that dietary fat intake influences the risk 

of prostate cancer. It is also uncertain that dietary modification by middle-aged men 

could reduce their prostate cancer risk (201). 

The intake of soy-containing foods is higher among Asian men who have lower 

prostate cancer rates. Soy-containing foods are a major source of phytoestrogens 

(isoflavones) and soy intake has been associated in several studies with reduced 
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prostate cancer mortality (202,203). Soy flour has been shown to exhibit 

antiproliferative activity in animal models of prostate cancer (204). Further research 

to elucidate the effects of soy and phytoestrogens on the prostate and their utility as 

preventive agents is needed. 

Men at high risk of prostate cancer are good targets for intervention trials of possible 

preventive agents as the higher expected number of diagnostic events means shorter 

time frames and less costly studies. On the basis of our current knowledge of prostate 

cancer prevention, the evidence-based primary prevention interventions required by 

criterion 4 of the screening program criteria could not be implemented either for men 

with a family history of prostate cancer or for the general population.  

The test 

The most commonly used marker for prostate cancer is the serum PSA level. DRE 

and, less commonly, trans-rectal ultrasound (TRUS) investigation have also been used 

in conjunction with PSA testing for screening. An abnormality in any modality 

prompts further diagnostic investigation using prostate biopsy usually with ultrasound 

guidance. PSA testing involves a simple blood test and, in view of its widespread 

uptake in the 1990s, appears to be acceptable to men. It is recommended that a DRE is 

performed in tandem with PSA testing but DRE is less well tolerated by most men. It 

is unlikely that TRUS would be a cost-effective option for population screening but 

may be an option for high-risk men. 

PSA levels are usually increased with prostate cancer and the widely used cut-off at 

which further investigations for diagnosis are initiated is ≥ 4 nanograms per millilitre 

(ng/ml), although the distribution of normal PSA values in the target male population 

is uncertain. Screening tests can be judged in terms of their sensitivity, specificity and 

positive predictive value (PPV). Test sensitivity is defined as the proportion of cases 

correctly identified by the test while specificity is defined as the proportion of non-

cases correctly identified as being disease-free (38). The PPV is defined as the 

proportion of people with a positive test result who have the disease. An optimal test 

has high values for all three measures. Both sensitivity and specificity change with 

variation in the cut-off value used and PPV is dependent on the population disease 

frequency. The sensitivity of the PSA test is difficult to determine unless all screened 

men also undergo biopsy to distinguish the false-negative from the true-negative tests. 
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Sensitivities of between 43% and 81% have been reported with an average value of 

71% when using a cut-off value of 4.0 ng/ml. Reported values for test specificity have 

ranged from 59% to 93% with an average of 75%. With higher cut-off values, 

sensitivity decreases and specificity increases. With a 4.0 ng/ml cut-off the proportion 

of positive tests that turn out to be cancer on further investigation (the PPV) is around 

37% (range 28-49%) (205). 

In the Rotterdam arm of the European Randomized Study of Screening for Prostate 

Cancer (ERSPC), PSA ≥ 4 ng/ml was the best predictor for biopsy-proven prostate 

cancer and it was estimated that around 70% of the cancers in the screened group 

were being detected using that cut-off (206).  

The use of the 4 ng/ml cut-off value is not universal. The 4-year test sensitivity for 

PSA levels with a cut-off value of 4.0 ng/ml was found to be 73% for total prostate 

cancers in the Physicians’ Health Study. The sensitivities for aggressive and non-

aggressive cancers were 87% and 53%, respectively. Overall, the PSA test specificity 

was 91% and the optimum validity was achieved at a cut-off of 3.3 ng/ml (207). The 

Finnish randomised prostate cancer screening trial reported the same four-year 

sensitivity for a cut-off value of 4.0 ng/ml and an 89% sensitivity with a cut-off value 

of 3 ng/ml (208). 

Both mammographic screening for breast cancer and screening for colorectal cancer 

using the FOBT have been shown in randomised trials to reduce mortality (209,210). 

Population-based screening programs for breast and colorectal cancers operate in a 

number of countries. Breast cancer screening is available in Australia for women over 

40 years and screening for colorectal cancer using FOBT is currently being piloted in 

several states. For mammography, test sensitivity ranges between 71% and 96%, 

specificity is around 94-97% and PPV less than 22% (209,211). FOBT has lower 

sensitivity (50-85%), similar specificity (95-98%) and lower PPV (less than 10%) 

(210,212,213). It could be argued that compared with these screening modalities for 

other common cancers, PSA test performance is on a par with mammography or 

FOBT; the sensitivity of the PSA test is lower than mammography and comparable 

with FOBT, the specificity is lower than both other tests but the PPV is higher. The 

critical arguments against the use of PSA are thus related to the lack of evidence for 

either a reduction in mortality with screening or, as discussed in the next section, early 

treatment. 
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PSA levels do not necessarily correlate with grade of tumour. High-grade cancers 

produce less PSA per unit volume than low-grade tumours (214). Not all men with 

levels above the 4 ng/ml cut-off have prostate cancer as PSA can also be raised in 

men with BPH or prostatitis (214). Furthermore, 15% of men with a PSA level below 

4 ng/ml who were biopsied at the end of the Prostate Cancer Prevention Trial were 

found to have biopsy-proven prostate cancer (191). The probability of prostate cancer 

increased from 7% for men with a PSA level of ≤ 0.5ng/ml to 27% for those with a 

PSA level between 3.1 and 4.0 ng/ml. Of those with a PSA level between 3.1 and 4.0 

ng/ml, 15% had tumours with a Gleason score > 7 which have a poor prognosis (4). 

For men with a family history of prostate cancer in a first-degree relative, prostate 

cancer detection in those with PSA ≤ 4 ng/ml was 20% (215).  

With increased use and a longer time frame for observing outcomes related to pre-

treatment PSA levels, the utility of PSA testing and the relevance of the 4 ng/ml cut-

point is being queried. A large follow-up study of men who had undergone radical 

prostatectomy recently concluded that PSA level was correlated with prostate cancer 

20 years ago but in the past 5 years it has been related only to the presence of BPH 

(216). 

A potential drawback of PSA screening is over-diagnosis of clinically insignificant 

prostate cancer that would never have been diagnosed in the absence of screening and 

would never have caused death. It has been estimated that during the PSA driven 

increase in prostate cancer incidence in the USA between 1988 and 1998, over-

diagnosis was around 30% for whites and 44% for blacks (8). Other estimates have 

been even higher than this at 51% and 84% (7,217,218).  

Prostate cancer treatment can be associated with considerable morbidity, including 

irreversible complications such as impotence and incontinence, thus over-diagnosis 

has the potential to increase physical and psychological morbidity in otherwise 

healthy men. The cost to the health system of unnecessarily treating healthy men will 

also be an important consequence of over-diagnosis.  

Prostate cancer detection for men with a family history in the Finnish prostate cancer 

screening trial was no different from that for men without a family history. It was 

argued that restricting screening to men with a family history would ‘miss’ almost 

95% of the cancers in the rest of the population (219). 
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PSA testing has had an enormous impact on the diagnosis of prostate cancer but it has 

low specificity and positive predictive value as a screening test. Unless a test can be 

developed to better differentiate clinically significant prostate cancers that will 

progress to symptomatic disease from those that will remain latent, testing targeted at 

men with a family history of the disease does not appear to offer advantages to these 

men and could conceivably be detrimental. 

Treatment 

There are three main choices for the management of early, localised prostate cancer: 

radical surgery, radiation therapy and conservative management. Hormonal therapies 

are not generally used as a first line treatment for men with localised disease. Radical 

surgery involves complete removal of the prostate gland. Dissection of the pelvic 

lymph nodes is often done in association with the surgery to check for extra-prostatic 

spread. The neurovascular bundles controlling erectile and bladder function are 

located adjacent to the prostate and can be damaged during the operation leading to 

urinary incontinence and impotence. Nerve-sparing surgical techniques are claimed to 

reduce the likelihood of these side effects but may reduce tumour control (220).  

Three types of radiation therapy are available for prostate cancer treatment: external 

beam radiotherapy, radioactive seed implants (brachytherapy) and conformal 

radiotherapy. External beam therapy is administered over a period of weeks and 

adjacent organs, such as the rectum, small bowel and femoral heads that are at risk of 

radiation damage, are shielded. The pelvic lymph nodes and seminal vesicles may or 

may not be included in the irradiated field. Computed tomography (CT) scans are 

used to define the treatment fields and the radiation dosage is dependent on prostatic 

volume and the stage of the tumour (4).  

Brachytherapy involves the implantation of plastic-coated radioactive seeds in and 

around the prostate so that the radiation dose is distributed in the prostate gland and 

adjacent tissues while sparing the bladder and large bowel from direct radiation (4). 

The implantation is done surgically with CT guidance.  

Conformal radiotherapy is a modified form of external beam therapy. Three-

dimensional computer assisted tomography allows the beam to be more accurately 

directed to the size and shape of the target prostate. This has the potential of 
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delivering higher radiation doses to the prostate with little or no increase in normal 

tissue complications (221). 

Conservative management or ‘watchful waiting’ involves monitoring the patient for 

symptoms of disease progression before instigating active treatment. It has been 

viewed as the option for non-symptomatic patients with low-grade disease and life 

expectancy of less than 10 years as they are more likely to die of causes other than 

prostate cancer (4). 

The only randomised trial published to date compared radical surgery with watchful 

waiting for early prostate cancer and found that surgery was associated with 

reductions in disease-specific mortality, all-cause mortality and the risk of local 

progression and metastasis (185). The question of whether surgery or radiation 

therapy offers the best outcome remains contentious as there is little evidence from 

well-conducted randomised controlled trials comparing the effectiveness and cost-

effectiveness of these treatment options. The crucial issue is whether early 

intervention reduces mortality but the side effects of the treatments on health-related 

quality of life are also important.  

Several randomised controlled trials were established in the late 1990s to compare the 

outcomes of different treatment modalities but recruitment has been a problem. 

Physicians and patients have been reluctant to accept randomisation to a specified 

treatment arm (4). The UK Medical Research Council trial of radical prostatectomy, 

radiotherapy and conservative management (PRO6) was abandoned due to its failure 

to recruit a sufficient number of patients. The Prostate Cancer Intervention versus 

Observation Trial (PIVOT) is yet to report (222). The only randomised controlled trial 

published to date showed improved eight-year prostate cancer survival and lower rates 

of distant metastatic disease for men undergoing surgery compared with those having 

conservative management but no differences in overall survival (223). 

Most of the available data have come from observational studies that have been 

subject to a range of biases. Comparisons between studies have been hampered by 

differences in patient selection criteria, different definitions of outcome measures, 

varying length of follow-up, inconsistent reporting of early- and long-term 

complications and different quality of life measures (4).  
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Radical prostatectomy may offer somewhat better survival rates than radiotherapy but 

the patients offered radical surgery are often younger, fitter and have fewer co-

morbidities than those offered radiotherapy. There is evidence from randomised trials 

that the use of conformal therapy reduces biochemical failure rates as well as acute 

and late treatment-related morbidity (221). 

Overall survival following any of the treatment modalities is better for men with low-

grade predominantly well-differentiated disease (Gleason score <7) and progression is 

more likely for men with poorly-differentiated tumours. The ten-year prostate cancer 

cause-specific survival in men with clinically localised disease treated with radical 

surgery has been estimated in a comprehensive review as being between 86% and 

91%. The proportion of men remaining free of clinical disease at ten years ranged 

from 57% to 83% (4).  

Given the high survival rates for men with a prostate cancer family history, the 

possibility of unnecessary diagnosis of latent cancers and the issue of the long-term 

treatment side effects, the introduction of a screening program for these men would 

need careful consideration. 

The screening program 

Establishment of a screening program requires that there be evidence from 

randomised controlled trials showing a reduction in disease mortality for those offered 

screening. Only one such trial, the Laval University Prostate Cancer Screening 

Progam (LUPCSP) in Canada, has reported results and these indicated a 62% 

reduction in prostate cancer deaths among screened men (224,225). The analyses have 

been criticised as the initial randomisation was ignored (226,227). Rather, the 

published analysis compared men who were actually screened with men who were not 

known to have been screened. Data available in the report allowed the more 

appropriate estimate of effect, based on the initial randomisation scheme, to be 

calculated (225). This showed no difference between the prostate cancer death rates 

for the men in either arm of the trial (RR 1.07, 95% CI 0.82 – 1.42).  

Results from the ERSPC, a large multi-centre randomised screening trial in Europe, 

are not expected for several years. In the Finnish section of the ERSPC, preliminary 

reports suggested there were no differences in the proportions of men with or without 

a family history of prostate cancer having a PSA ≥ 4.0 ng/ml (219) but family history 
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was a predictor of prostate cancer in men with a PSA level ≥ 4.0 ng/ml in the 

Rotterdam section of the same trial (228). Screening of men from high risk prostate 

cancer families in Finland found higher PSA levels and prostate cancer risk for men 

from families with an average age at diagnosis of prostate cancer of less than 60 years 

and for men with more than three affected relatives (11).  

But what is the significance of the prostate cancers found in these men? Men with a 

family history of prostate cancer are generally younger at diagnosis. It has also been 

reported that they may have lower PSA at diagnosis and be more likely to have well-

differentiated tumours (229). The trend towards earlier diagnosis of less aggressive 

disease could be the result of more aggressive screening of men with affected 

relatives, rather than differences in the characteristics of the tumours. A diagnosis of 

prostate cancer in one family member may prompt healthy brothers to seek testing 

that inevitably leads to earlier diagnosis (41,229).  

The success of a screening program is heavily influenced by the response of the target 

population. The willingness of men with a prostate cancer family history to be tested 

will influence the outcome of targeted screening programs. In the absence of a 

screening program, approximately 28% of Australian men aged 40 – 69 years had a 

Medicare-reimbursed PSA test in Australia between 1992 and 1996 (9). This equates 

to an annual testing rate of around 6%. In the LUPCSP, all men from the Quebec City 

electoral roll were invited for PSA testing but less than 24% attended for screening 

(225).  

A positive family history of prostate cancer has been associated with a greater interest 

in PSA testing and higher levels of testing in a number of studies (33,230,231). One 

of the most cited reasons given by Australian men for being screened was a family 

history of prostate cancer (12). Studies have shown that around two-thirds of men 

with a family history of prostate cancer had either been tested or expressed a 

willingness to be tested if it were offered to them (32,33,104,232-234). Worry about 

the heritability of prostate cancer led to higher screening levels for sons of affected 

men (235).  

One study, however, found that even though first-degree relatives of affected men felt 

at higher risk they were not more likely to be screened (236), but for those who were 
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anxious about prostate cancer, testing reduced their level of anxiety (237). Thus the 

reassurance obtained from a negative test was rated as important (237,238).  

A high uptake of screening is necessary for the success of a screening program but it 

may not be similar in different populations or across age groups. Younger first-degree 

relatives of cases and men with more than one affected relative had more anxiety 

about cancer and were less likely to undergo repeat screening (232). A program 

targeted specifically at men with a positive family history of prostate cancer would 

also require evidence from a properly conducted randomised trial about the likely 

uptake rate and the effects on mortality and quality of life. 

The physical and psychological benefits of a screening program should outweigh the 

harms that might be inflicted as a result of diagnosis and treatment. Ultimately each 

individual must decide whether he wants to undergo testing. In order to make this 

decision a man needs to be fully informed about the potential harms and benefits of 

screening. Shared decision-making is recommended as part of good medical practice 

(230,239,240). A man’s decision will reflect his fears about cancer and about the side-

effects of treatment but it is also likely to be influenced by his doctor and his family.  

Different views about screening could affect the services medical practitioners offer to 

their patients and the messages they deliver to them. The doctor’s recommendation 

can play an important role in a man’s decision to be tested (12) and it has been 

reported that a higher proportion of PSA tests were initiated by the doctor than by the 

patient (241). Screening practices will differ between practitioners. A study of veteran 

outpatients observed that a higher proportion of female doctors performed DRE than 

male doctors (242). Peer practices have also been found to influence PSA test 

ordering by doctors (231). Non-rational factors, such as regret about missing cancer, 

could also impede the adoption by clinicians of evidence-based recommendations 

about PSA testing (243). 

PSA screening for the general population is not recommended in Australia but most 

bodies agree that it should be available for men with a family history of prostate 

cancer. Despite being unaware of guidelines for PSA testing, around 73% of 

Australian general practitioners adopt practices consistent with the current 

recommendations (244).  
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Non-urologists thought it important to give information reflecting uncertainties about 

risk, screening and treatment for prostate cancer but urologists rated these as less 

important (245). Many studies have shown that giving more information to men about 

the risks and benefits of screening and treatment, and the controversies surrounding 

these issues leads to lower testing levels (230,246-250) and that men were happier 

with their final decision after receiving this information (250). UK men recalled being 

given little information before their PSA tests. Those who subsequently learned about 

the uncertain benefits of the test were opposed to widespread PSA screening and 

regretted having the test (251). This might be understood in the context of men 

preferring to maintain quality of life and trade it with quantity of life (252). Their 

wives, on the other hand, preferred the extra time gained with their partners, even if it 

was less than one year, and could influence screening decisions. 

Other aspects needing consideration in such a trial would be the ability of the health 

care system to handle an increased demand for diagnostic services, treatment and 

post-treatment care, and the impact on familial cancer services attending to the 

counselling needs of affected and unaffected family members. All these would require 

resources and funding that would then be unavailable for other health endeavours. 

Summary 

Men with a family history are at a significantly increased risk of prostate cancer but 

there are potential harms that accompany the benefits of early detection and treatment. 

In view of the controversies surrounding screening and treatment for prostate cancer 

and the lack of randomised controlled trial evidence of either a mortality reduction in 

screened men or the benefits of treating localised disease, it is not certain that the 

criteria to justify introduction of a screening program for prostate cancer can currently 

be met.  

Further, the available evidence does not appear to justify a targeted screening program 

for asymptomatic men with a family history of the disease. Men with a family history 

of prostate cancer should be informed by their physicians about the risks and benefits 

of early detection and treatment before they embark upon the cascade of diagnostic 

and therapeutic procedures associated with a prostate cancer diagnosis. 

Given the lack of evidence for long-term benefits of PSA screening, even for high-

risk men, and the controversies surrounding treatment, promotion of informed or 
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shared decision-making appears to be a better option for men with a family history of 

prostate cancer. There are many decision aids currently available to assist doctors in 

providing men with information to guide an informed decision about prostate cancer 

screening and these could readily be tailored to suit men with a family history. 

Information about their relative and absolute risks of prostate cancer presented in this 

thesis could be incorporated into these decision aids. 
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Chapter 12 

The role of susceptibility genes in prostate cancer  

Familial aggregation 

Demonstration of familial aggregation is a necessary but not sufficient condition for 

demonstrating an hereditary basis for a disease. There has been ample evidence 

presented in this thesis that prostate cancer shows strong familial aggregation. Beaty 

and Khoury proposed that, in genetic epidemiology, four essential questions should be 

addressed in the process of determining the genes responsible for predisposition to 

disease (253). The first of these, whether the disease clusters in families, has therefore 

been answered in the affirmative for prostate cancer.  

Evidence of familial aggregation alone cannot identify the causes of the disease or 

even whether it is due to genetic, environmental or cultural factors shared by family 

members (43). Each of these factors, by definition, clusters within related individuals 

and any one of them could lead to an increased risk of a particular disease. 

Knudsen’s ‘two-hit’ hypothesis for cancer (254,255) suggested a genetic explanation 

for familial aggregation. He proposed the existence of regulatory genes that control 

cell functioning. Normally there are two copies of somatic genes and if one is 

damaged the other maintains control of normal functioning. An inherited mutation in 

one copy of the gene does not usually lead to a malfunction of the regulatory process, 

but if the second copy is also damaged, malignant transformation can occur. The 

‘two-hit’ model operates recessively at a cellular level but, because there is a high 

probability of damage to the second copy, at the family level the mode of inheritance 

will appear to be dominant. The Knudson hypothesis predicts that families with an 

inherited mutation will not only have an increased likelihood of having multiple cases 

of cancer but that these will generally occur at an earlier age than usual (2,3). 

Early age at onset and multiple cases among related individuals have been 

demonstrated for breast and colon cancers and these findings preceded the localisation 

and identification of genes for which inherited germ-line mutations confer increased 
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susceptibility. Co-aggregation within a family of specific cancers at other sites has 

also been demonstrated for these cancers. For prostate cancer, earlier age at onset in 

men with a family history of the disease has been observed, but co-aggregation with 

cancers at other sites has not been consistently demonstrated. Several reasons for the 

lack of co-aggregation were considered in Chapter 8.  

The next essential question genetic epidemiology asks is whether the familial 

clustering of a disease is due to shared genes or shared environments (253). The lack 

of strong environmental risk factors for prostate cancer and the fact that familial 

aggregation is so far the strongest identified risk factor suggest that genetic factors are 

likely to play the major role in explaining the familial risks of the disease (3). If there 

really is an inherited basis for a disease that involves gene mutations having a strong 

effect on individual risk, it should be possible to demonstrate specific patterns of 

inheritance in families. Segregation analysis has been an important tool for 

investigating the existence and other characteristics of these patterns. 

Segregation analysis 

The original purpose of classical segregation analysis was to test whether an observed 

proportion of offspring phenotypes would be compatible with Mendelian inheritance 

with complete penetrance. Its use has since been broadened to allow the fitting of 

arbitrary inheritance models, and age- and sex-specific penetrances that are not 

necessarily complete, with the aim of testing compatability with Mendelian 

inheritance and estimating the parameters of specified models (256). This type of 

analysis is referred to as complex segregation analysis. 

Segregation analysis is a statistical technique to estimate the most likely 

characteristics of the unobserved genes that influence the phenotypic variation seen in 

populations, provided the families are sampled appropriately from the population 

(257). The method can handle multiple determinants, such as the existence of more 

than one mode of inheritance (sometimes referred to as ‘multiple loci’) and genetic 

risk being determined in conjunction with environmental factors. Genetic inheritance 

patterns in families, however, can be mimicked by the sharing of environmental risk 

factors and a dominant inheritance pattern could be partially explained by shared 

family environment (256). 
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Segregation analysis is best suited for characterising genes that have sufficiently 

moderate to large effects on the individual that patterns of disease reflecting the 

underlying Mendelian transmission of risks can be identified by statistical 

examination of within- and between-family variation. In essence, the inference that a 

phenotype is influenced by some unmeasured genotype is based on whether the 

observed pattern of phenotypic variation is consistent with Mendelian expectations. 

The observed data are modelled by restricting the transmission parameters to be 

consistent with Mendelian inheritance. Non-genetic models can also be evaluated by 

placing no restrictions on the transmission parameters and seeing if the estimates 

concur with what would be predicted by a genetic transmission model. Models are 

compared with one in which the parameters are unrestricted. Comparisons between 

nested models can be made using likelihood ratio tests. Akaike’s information criterion 

(AIC) defined as AIC = 2(- maximum log-likelihood – number of parameters 

estimated) can be used to compare non-nested models. The inference that a major 

gene influences a particular trait relies on the sequential elimination of competing 

models including the non-genetic environmental model (257). The utility of this 

approach for teasing apart genetic and environmental causes of familial aggregation 

depends then on the sophistication and congruence with reality of the competing 

models that are tested. 

The mode of transmission and the transmission probabilities are specified in advance 

for the genetic models and the estimated parameters permit the calculation of the 

allele frequencies and penetrance functions of the unobserved genes.  

The so-called ‘single-locus’ model assumes that, within any one family, a major 

disease allele is located at a single locus. This model also applies if different loci with 

the same mode of inheritance are involved in different families. In this case the allele 

frequencies at the different loci must be so small that it is extremely rare for 

predisposing alleles at more than one of the loci, or more than one disease 

predisposing allele from the same locus, to be segregating within the one family. Most 

traits of current interest in biomedicine are likely to have more complex determinants 

than loci with the same mode of inheritance and rare alleles, so it is not anticipated 

that a single-locus segregation model will be capable of explaining all the familial 

aggregation. Two locus and oligogenic models, in which the trait under consideration 

is influenced by more than one locus acting either independently or jointly to produce 
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the affected phenotype, can also be used to allow for different inheritance patterns at 

the different loci.  

Published findings from segregation analyses 

The first segregation analysis investigating modes of inheritance for prostate cancer 

was published in 1992 (18). It was based on the first-degree relatives of 691 

predominantly Caucasian men undergoing radical prostatectomy for localised prostate 

cancer at Johns Hopkins Hospital (USA) between 1982 and 1989. Only single-locus 

models were considered. Among the models tested, an autosomal codominant model 

provided the best fit to the observed pattern of prostate cancer cases in these families 

but the data were also consistent with a dominant model. Under the fitted dominant 

model, the frequency of the purported susceptibility allele(s) was estimated to be 

0.0030 with a penetrance to age 85 years of 88% in carriers. The lifetime risk in non-

carriers was only 9%. In the US at that time, around 2% of prostate cancers occurred 

before the age of 55 years, but, under this fitted model, approximately 43% of them 

would have been accounted for by the predicted rare susceptibility allele(s). The mean 

age at diagnosis of the case probands in the study was well below the median age at 

diagnosis in the general population and, because they were undergoing radical 

surgery, the men were younger and fitter than the general population of prostate 

cancer cases. The probands were unlikely to be representative of the prostate cancer 

cases in general thus the estimates may not be applicable beyond that population. 

A single-locus segregation analysis of population-based data from the Swedish 

Cancer Registry investigated inheritance patterns in the 5496 sons of 2857 men 

diagnosed with prostate cancer between 1959 and 1963 (21). An autosomal dominant 

model also provided the best fit to the observed data. The estimated allele frequency 

of 0.0167 was higher than that observed by Carter et al. (18) but the penetrance was 

lower at 23% by age 65 years and 63% by age 85 years. Neither of the studies gave 

confidence intervals for their estimates. 

Two further US studies based on series of patients undergoing radical prostatectomy 

have also been published (22,23). The first was from the Mayo Clinic and included 17 

684 male relatives of 4288 cases diagnosed between 1966 and 1986 (22). No model 

was found to fit the data well. Stratification by the age at diagnosis of the proband 

resulted in the autosomal dominant model providing an adequate fit for families of the 
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probands diagnosed before the age of 60 years. There was limited evidence in favour 

of this model for families of the probands diagnosed after the age of 70 years. The 

predicted allele frequency for the early-diagnosed case families was 0.006 with a 

penetrance of 89% by age 85 years; confidence intervals were not given. The model 

proposed by the authors predicted a marked excess of homozygous carriers over that 

predicted by Hardy-Weinberg Equilibrium and Mendelian inheritance. It was argued 

that complex genetic mechanisms such as a mixture of dominant and recessive effects 

could also be implicated in prostate cancer. The strong secular trends in prostate 

cancer incidence and the selection of families of men suitable for radical surgery 

could also have affected these results. 

The second study of 3965 fathers and brothers of 1199 cases diagnosed between 1991 

and 1993 was from the Washington University Medical Center (23). Again, an 

autosomal dominant model gave the best fit to the observed data. The estimated allele 

frequency for these families was 0.0037 with penetrance of 12.2% to age 55 years and 

96.8% to age 85 years. Under this model, the high-risk allele would be responsible for 

65% of the prostate cancers diagnosed before the age of 56 years and the cumulative 

risk in non-carriers would be around 7%. 

A series of complex segregation analyses was conducted using data from first-degree 

relatives and uncles from 1476 case families in the Australian case-control family 

study described in Chapter 4 (19). Second-degree relative were included and models 

of sex-linked inheritance could be assessed. The software package MENDEL (258) 

was used to fit single- and two-locus autosomal dominant, recessive, codominant and 

X-linked models. Pedigrees were conditioned on the proband being affected at the 

given age at diagnosis because the families had been ascertained through population-

based sampling of case probands stratified by age at diagnosis.  

The recessive model was the most parsimonious single-locus model but the dominant 

and X-linked models both gave estimates of the allele frequency that were different 

from zero and hazard ratios different from one. The best-fitting two-loci models 

favoured dominant plus recessive inheritance and dominant plus X-linked inheritance. 

As judged on the basis of AIC and likelihood ratio tests, the dominant plus recessive 

model gave a better fit than the dominant plus X-linked model, but the difference was 

small.  
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In each of these two-loci models, the hazard ratio for the dominantly inherited risk 

decreased rapidly from around 800 at age 50 years to around 10 at age 70 years 

suggesting that carriers of an allele predisposing to prostate cancer were at markedly 

increased risk at a young age but their excess risk decreased with age. The hazard 

ratio for the X-linked risk in the two-locus model increased from 25 at age 50 years to 

110 at 70 years while that for the recessively inherited risk increased from 40 at age 

50 years to around 180 at age 70 years. Thus, for carriers of a single susceptibility 

allele on the X-chromosome, or two alleles on an autosome, the RR increased with 

increasing age. The RR for the recessive model was greater at all ages than for the X-

linked model. The penetrance or cumulative probability functions associated with the 

two-loci models increased rapidly under both the X-linked and recessive models from 

around 20% at age 60 to 100% at age 80 years. Irrespective of the mode of inheritance 

at the other locus, the penetrance for carriers of the dominant risk increased less 

rapidly from 7% at age 60 to 72% at age 80 years. These results remained consistent 

when only first-degree relatives were included and when the diagnoses in relatives 

were censored to exclude diagnoses after 1992. Thus the recent increases in prostate 

cancer incidence as a result of PSA testing had had little effect. 

These analyses supported the hypothesis that prostate cancer shows Mendelian 

inheritance patterns and that genetically transmitted factors were implicated in a 

man’s risk of the disease. The two-locus models suggested that genetic heterogeneity 

was likely in prostate cancer. There was evidence for a dominantly inherited risk that 

contributed especially to early-onset disease. Recessively inherited or X-linked risks 

appeared to contribute more to later onset disease. 

Gong et al. (20) evaluated the fit of various modes of inheritance in population-based 

samples of 1719 White, African and Asian nuclear families in North America. 

Allowances were made for temporal and racial differences in prostate cancer 

incidence for the relatives. A multifactorial model of shared, low-penetrance variants 

of many genes or shared lifestyle factors was also investigated. The dominant model 

provided an adequate fit to their data but there was little support for the X-linked, 

recessive or sporadic models, but because they had studied only nuclear families they 

had little discriminatory power. None of the Mendelian models provided a better fit 

than the multifactorial model. Under the dominant model, the frequency of the 

susceptibility allele for the white population was estimated to be around 2.4% with a 
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penetrance to age 80 years of around 75% for carriers. The lifetime risk for non-

carriers was less than 10%. The incidence of prostate cancer was lower for Asian 

Americans but there was no evidence that familial aggregation of the disease differed 

between the three racial groups.  

The authors noted that data from nuclear families were not sufficient for 

discriminating between a small proportion of high-risk carriers and a larger proportion 

of carriers with moderate risk. Even with large sample sizes it would be hard to 

correctly identify the mode of inheritance and the relative importance of inherited 

prostate cancer susceptibility due to common alleles with low to moderate penetrance 

and differing modes of transmission from the study of nuclear families alone. 

Dominant inheritance also fitted data from 691 families of cases presenting at three 

French hospitals (163). There were no eligibility restrictions based on age, clinical 

stage or family history status, but it was not stated how representative the cases were 

of cases in the general French population. The aggregation of prostate cancer in these 

families was best explained by a dominantly inherited allele plus some residual 

dependence between brothers. The frequency of the susceptibility allele was estimated 

to be 0.03% and carriers of the allele were estimated to have an 86% lifetime risk of 

prostate cancer for the father’s generation and a 99% risk for the proband’s 

generation. The proband’s generation showed earlier disease onset than the father’s 

generation and it is possible that PSA testing, available to only the younger 

generations, could account for at least part of the brother-brother dependence. 

Single-locus models cannot distinguish between different loci contributing to risk in 

different families if the same inheritance pattern operates for these loci. Complex but 

more realistic models can be investigated using Markov Chain Monte Carlo (MCMC) 

methods. These are iterative techniques that use phenotype information and parameter 

estimates from the current iteration to impute latent genotypes and polygenotypes for 

pedigrees. The resulting data are then analysed using normal segregation methods to 

obtain new parameter estimates and the process is repeated until there is convergence 

(257). 

MCMC methods were used to estimate the number of susceptibility loci, the effect of 

temporal changes in prostate cancer incidence and variation in the age of onset for 

263 HPC families in the Prostate Cancer Genetics Research Study (PROGRESS) 



 

248 

(164). After 500 000 iterations, results suggested that two to three loci contributed to 

differences in the age at onset of HPC in these families and that the two most frequent 

loci acted in a dominant fashion. Because of selection issues, it was not possible to 

estimate allele frequencies or penetrances for these loci.  

Summary of results from segregation analyses 

A summary of the results from published segregation analyses is given in Table 12.1. 

All eight segregation analyses have identified a Mendelian dominant component as 

the most likely mode of inheritance of genes with major impact on individual risk of 

prostate cancer. The hospital-based studies (18,22,23,163) found evidence for a rare 

dominant gene with a high lifetime penetrance whereas the population-based analyses 

(19-21) provided evidence of a relatively common dominant susceptibility with lower 

lifetime penetrance.  

Different selection criteria for families in each of the studies may account for some of 

the differences in the findings. Chance could also play a role because of the inherent 

difficulty in distinguishing between rare highly penetrant susceptibility alleles and 

more common alleles with lower penetrance, especially with nuclear families (20). 

Low penetrance and late age at disease onset are also likely to make it more difficult 

to distinguish between models of inheritance for genes with major effects on 

individual risk because of misclassification of phenotype. 

Different genes and/or different mutations may be relevant to different populations. 

There could also be different lifetime exposures to other important risk factors that 

differ between populations and affect disease risk. More then one mode of inheritance 

was implicated in two studies (19,164) Some genes may only be relevant to particular 

sub-groups of the population or under certain environmental conditions (253).  

The Australian study was able to investigate X-linked inheritance as it included 

information about second-degree relatives and therefore it is of particular interest that 

it was the only segregation analysis to show evidence of an X-linked mode of prostate 

cancer inheritance (19).  

Even within a population, prostate cancer may be due to different susceptibility genes 

acting independently and multiple loci, possibly involving multiple modes of 

inheritance, are likely to be involved in hereditary prostate cancer risk (155,259). 
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Table 12.1 Summary of published segregation analyses 

Study Location Sampling frame Number of 
families 

‘Best’ models Allele frequency Carrier penetrance to 
age 85 years 

Carter et al. 
(18) 

USA FDRs of RP patientsa  691 Autosomal dominant .003 88% 

Grönberg et 
al. (21) 

Sweden Sons of cases identified from cancer 
registry and parish records 

2587 Autosomal dominant .0167 63% 

Schaid et al. 
(22) 

USA & 
Sweden 

FDRs of RP patientsa 4288 Autosomal dominant .006 89% 

Verhage et 
al. (23) 

USA FDRs of RP patientsa 1199 Autosomal dominant .0037 97% 

Cui et al. 
(19) 

Australia FDRs and uncles of cases identified 
from population-based cancer 
registries 

1476 Autosomal dominant
+ recessive 
Autosomal dominant
+ X-linked 

.017 (.006 – .044) 

.084 (.067 – .105) 

.012 ).006 – .026) 

.005 (.003 – .009) 

69% 
100% 
72% 

100% 
Gong et al 
(20) 

USA Families of probands in a case-control 
study and cases identified from 
population-based cancer registry 

1013 Autosomal dominant
 
Multifactorial model 
multiple low 
penetrance mutations 

.024  
(.012 – .046) 

– 

75% (for African 
Americans & Whites) 

– 

Valeri et al. 
(163) 

France Cases from three hospitals 691 Autosomal dominant .0003 86% father’s generation 
99% brother’s generation 

Conlon et al. 
(164) 

USA Volunteer families from the Prostate 
Cancer Genetic Research Study 
(PROGRESS) i.e., fitting the HPC 
criteria 

263 2 – 3 autosomal 
dominant loci  

Not given as likely to be biased by ascertainment 
methods 

a First-degree relatives (FDRs) of patients undergoing radical prostatectomy (RP) 
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Thus it may not be appropriate to rely on single-locus models for linkage analysis 

aimed at localising susceptibility genes (164). 

All the segregation analyses provided evidence for an autosomal dominant inherited 

component for prostate cancer. Given the segregation analyses of population-based 

families, it seems likely that multiple genes with low to moderate penetrance will 

provide the best explanation of inherited prostate cancer (20,155) but larger 

collections of multiple-generation, extended families may be needed to find 

convincing evidence for rare, perhaps very rare, mutations associated with a high 

penetrance. 

Linkage analyses 

A fourth question for genetic epidemiology concerns the location of causal genes for a 

given disease (253). Genetic linkage studies, using families with multiple cases, has 

been a well-established approach to locating genes implicated in diseases (155). 

Linkage denotes the situation in which two loci in relatively close proximity on a 

chromosome are passed, or cosegregate, as a single unit from parent to offspring if 

there is no genetic recombination (29). The more distant the two loci, the more likely 

there is to be recombination whereby homologous strands of DNA, one from each 

parent, are interchanged. In the context of trying to locate disease susceptibility genes, 

one locus represents the presumed disease gene and the other a measured genetic 

marker. Therefore, linkage analysis does not necessarily identify a specific gene, or its 

exact location, on a chromosome; it simply identifies one or more regions that may 

contain a candidate susceptibility gene. Linkage analysis tests for cosegregation 

between genetic markers at known chromosomal positions and an unknown presumed 

trait locus (260). The null hypothesis is that there is independent assortment of the 

measured genetic marker and the disease gene (253).  

Showing evidence of linkage between a marker locus and a disease phenotype 

provides statistical evidence of transmission of the disease susceptibility (261). 

Confirmation of linkage findings in independent populations, and estimation of the 

proportion of linked families, provides further evidence that genes in or around the 

location of the linked genetic markers could play a role in disease susceptibility (262). 

Identification of a specific gene by fine-mapping, and demonstrating that mutations in 
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that gene are associated or linked with disease risk, provides the final evidence that 

there is a true genetic contribution towards disease development (29).  

Two methods of statistical analysis are possible. Likelihood-based (parametric) 

methods require specification of the genetic model of inheritance, the allele 

frequencies and penetrance. They then estimate the recombination fraction, or genetic 

distance, between the genetic marker and the putative disease gene as well as provide 

a measure of the evidence for linkage based on the LOD score (see definition below). 

For simple Mendelian traits, likelihood-based methods are relatively straightforward. 

The null hypothesis is that linkage is absent. Evidence for linkage is assessed by 

means of the LOD score – the log10 of the odds of linkage versus absence of linkage. 

The LOD scores are summed over families, so if there is evidence of linkage in a 

large number of families, the LOD score increases. The models can be extended to 

include maximum likelihood estimates for multiple loci simultaneously (27). For 

markers on the autosomal chromosomes, LOD scores greater than 3.0 (i.e., the odds 

favouring linkage are 103 to 1) have generally been regarded as providing evidence of 

linkage. Because many prostate cancer linkage studies have shown false-positive 

results at this level, it is now considered only suggestive of linkage (115). For markers 

on the X chromosome, the critical value is 2.0 (27). LOD scores of –2.0 or less are 

considered to provide evidence against linkage (29). In practice, many genetic 

markers possibly spanning the whole genome are considered 

Studies have often reported sites showing LOD scores of 1.0 or more (155). For 

diseases such as prostate cancer, for which different susceptibility alleles may act in 

different families, a heterogeneity LOD (HLOD) score can be calculated to allow for 

the possibility that linkage might be present only in a proportion of the families (155). 

This proportion is estimated concurrently by maximum likelihood. The other 

parameters of the model, such as mode of inheritance, allele frequency and 

penetrance, can also be estimated concurrently but in practice they are usually 

presumed and inference for linkage is therefore conditional.  

Model-free or nonparametric methods also exist (27). These assume that affected 

family members share a similar pattern of adjacent genetic markers that are not shared 

by unaffected family members (263). Excess sharing of the marker alleles by affected 

relatives is compared with that expected in the absence of co-segregation of the 

genetic marker and disease gene (261).  
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Linkage Studies 

The search to identify susceptibility genes has focussed on multiple-risk families, 

some with early-onset disease, as these are the ones most likely to show a genetic 

basis for their disease aggregation. Around 20 genome-wide scans of such families 

have been published (36,176,178,264-279). 

Chromosomal regions showing hints of linkage to prostate cancer in multiple-case 

families have been found on every autosome and the X chromosome (280) and new 

linkage reports continue to appear. Table 12.2 gives the regions of loci with LOD 

scores greater than 2.0 and the reference for the initial study reporting each region. 

The table also includes the results from a combined analysis 1233 families conducted 

by the International Consortium for Prostate Cancer Genetics (ICPCG) that has yet to 

be published (282) [GG Giles and JL Hopper; personal communication.]. 

Stronger evidence of linkage has been found for some regions in different 

populations. Simard et al. (280) defined two groups of regions based on the strength 

of the linkage evidence. Group 1 included regions for which at least one analysis 

showed a LOD score > 3.0 and at least two independent sets of families had provided 

independent nominal confirmatory support. This group included the HPC1, PCAP, 

HPCX, CAPB and HPC20 loci. The Group 2 included regions failing to meet the 

criteria for Group 1 but with at least one analysis with a LOD score >2.0 and nominal 

independent confirmatory support from at least one other. The Group 2 loci included 

4q24-25, MSR1, 16p13, HPC2/ELAC2 and 19q13. A brief history of the evidence for 

each of the Group 1 and 2 regions is given below. 

The first report of a prostate cancer susceptibility region, in the 1q24-25 region on 

chromosome 1, was in 1996 by a collaborative group of researchers from Johns 

Hopkins (USA) and Sweden (274). The putative disease gene was designated HPC1. 

It was estimated that this gene accounted for around 34% of the families with at least 

4 affected cases. Linkage to the region has also been found by some independent 

studies (286-292) but others have found no evidence of linkage to this region from 

linkage analyses of their collections of multiple-case families (178,281,293,294). 

Evidence for linkage has more often been found in families with an early average age 

at onset, more than four affected cases and male-to-male transmission 

(286,287,289,291,295). Several studies found evidence for linkage for families with 
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Table 12.2 Candidate regions showing evidence of linkage and initial report for 
each site 

Location Locus designation or 
nearest marker 

Initial report (Reference number) 

1p31 – Maier et al. (2005) (271) 
1q24-25 HPC1/RNASEL Smith et al. 1996 (274) 
1q42-43 PCAP Berthon et al. 1998 (281) 
1p35-36 CAPB Gibbs et al. (1999) (176) 
2q37-38 D2S2228 Suarez et al. (2000) (275) 
2q23 D2S151 Xu et al. (2003) (279) 
3p24 D3S432 Xu et al (2005) (282) 
3p25-26 D3S1297 Schleutker et al. (2003) (273) 
4q21 D4S1615 Xu et al. (2003) (279) 
5q11.2 D5S407 Wiklund et al. (2003) (277) 
5q31-33 D5S1480 – D5S820 Witte et al. (2001) (278) 
5q35 D5S1456 Xu et al (2005) (282) 
6p22.3 D6S1281 Janer et al. (2003) (269) 
7q11-21 D7S634 Friedrichsen et al. (2004)  
7q32 D7S3061 – D7S1804 Witte et al. (2001) (278) 
7q D7S2212 Janer et al. (2003) (269) 
8p22 MSR1 Xu et al. (2001) (283) 
8q13 D8S543 Maier et al. (2005) (271) 
9q34 D9S1826 Xu et al. (2003) (279) 
11q22 D11S898 Xu et al (2005) (282) 
12p13-12 D12S1685 Suarez et al. (2000) (275) 
13q14 D13S1807 Xu et al (2005) (282) 
15q11 D15S817 Xu et al (2005) (282) 
15q26 D15S1010 Suarez et al. (2000) (275) 
16p13 D16S3103 Suarez et al. (2000) (275) 
16q23-24 D16S3096 Suarez et al. (2000) (275) 
17p13 HPC2/ELAC2 Tavtigian et al. (2000) (284) 
17q21 D17S1820 Xu et al (2005) (282) 
17q D17S1868 Lange et al. (2003) (270) 
19q12 D19S433 Witte et al. (2001) (278) 
19p13 D19S894 Hsieh et al. (2001) (268) 
20q13 HPC20 Berry et al. (2000) (264) 
22q12 D22S283 Xu et al (2005) (282) 
Xq12 DXS7132 Xu et al (2005) (282) 
Xq27-28 HPCX Xu et al. (1998) (285) 
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more severe disease (290,292) while one study found stronger evidence for linkage 

for families with later age at onset (290). Evidence for linkage to 1q42-43 was first 

reported by a group from Europe (281), and the putative gene designated PCAP. It 

was estimated to account for 40-50% of their prostate cancer families and the linkage 

evidence was stronger for families with early-onset disease. Evidence for linkage to 

this region was also reported by several other groups (266,275,291,292,296) with 

linkage evidence appearing to be stronger for families with early-onset disease. Other 

groups have not found this region to be important for their families (178,268,297).  

Evidence for linkage to Xq27-28 was identified by Xu and colleagues (285) who 

estimated that the putative gene, designated HPCX, accounted for 16% of the prostate 

cancer families in their data set. Confirmatory analyses have been reported 

(58,268,298,299) and, not surprisingly, the most consistent finding has been stronger 

linkage for families with no evidence of male-to-male transmission (58,268). One 

study reported greater evidence for linkage for families with late age at onset but 

several others found stronger evidence in early-onset families (298,299). Studies 

failing to find evidence for linkage to this region have also been published 

(275,292,300). 

In 2000, Berry and co-workers reported linkage to the 20q11-13 region, and 

designated the putative gene HPC20 (264). LOD scores were higher for families with 

fewer than five cases, later age at diagnosis and without male-to-male transmission. 

Zheng et al. (301) also found evidence of linkage to this region. Bock and colleagues 

(302) found stronger evidence for linkage in African-American families. Several 

studies have failed to find linkage to this region in their multiple-case families 

(268,274,275,303). 

The final Group 1 region is at 1p36, and was first identified in a set of 12 families 

with both prostate and brain cancers (176). The putative gene has been designated 

CAPB. One other analysis has reported evidence for linkage to this region for families 

with cases of both these cancers (291). Other groups have found evidence for the 

linkage to this region but did not find brain cancer to be more common in their 

prostate cancer families that demonstrated this linkage (177,275,278). Lack of 

confirmation has also been reported (178,274). 
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The Group 2 regions show similar patterns of confirmation or failure to confirm 

linkage, according to the Group 2 criteria, in independent groups of families. 

Evidence of linkage to the 4q24-25 region was reported in 1996 by the group that 

identified the putative HPC1 locus (274). Group 2 evidence for linkage has been 

found by some groups (268,275,292) but not others (266). Evidence for linkage to the 

8p23-22 region that contains the MSR1 gene has been observed by a number of 

groups (266,274,283,292) as have linkages to a region at 16p13 (266,275,292) and to 

a region at 19q13 (278,304). The region at 17p11 containing the ELAC2 gene 

(relabelled HPC2) is also included in this group showing weaker linkage evidence. It 

was first reported in 2001 (276) and Group 2 evidence for linkage has been found by 

several other groups (268,305,306). 

Inconsistent replication of linkage results in different studies has been an ongoing 

difficulty in the search for prostate cancer susceptibility genes. Linkage analysis is a 

powerful tool for single-locus diseases with high penetrance in which the disease 

itself appears to follow the rules of Mendelian inheritance, but is not so successful for 

complex diseases such as prostate cancer (263).  

False-positive hints of linkage can arise from the multiple testing inherent in genome-

wide scans (280) while false-negative results could arise from genotyping errors 

(307). It is not uncommon to generate false-positive LOD scores between 2 and 3 

even in the absence of genotyping or linkage analysis errors (280).  

Narrowing the search to a putative candidate region is made even more difficult in the 

presence of genetic recombination and, most particularly, phenocopies; i.e., an 

unaffected person in the pedigree whose disease is not due to a germline mutation. 

Because they do not carry a germline mutation, phenocopies can lead researchers to 

focus on the wrong chromosomal region (308). The best supporting evidence for the 

significance of a particular region comes from concordance between independent 

scans of the whole genome or targeted screens of the region.  

Segregation analyses do not necessarily give a clear indication of which model of 

inheritance is best or what are the most appropriate allele frequencies or penetrances 

to specify (263). Incorrect specification of the underlying genetic model can lead to 

incorrect linkage results when using parametric methods (280,307). It has also been 
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shown that false-positive LODs as high as 3 and 4 can result from incorrect 

specification of the allele frequencies (280).  

Apart from these problems common to linkage analyses for any disease, prostate 

cancer presents further obstacles. Prostate cancer is a disease with a late age of onset 

that makes it difficult to obtain accurate clinical reports and genetic material from 

previous generations (27,263). There is also a sufficiently high prevalence of prostate 

cancer, which has been increasing in recent years with the advent of PSA testing, that 

the high prevalence of phenocopies in multiple-case, truly hereditary prostate cancer 

families, can seriously impact on linkage studies (27,263). As there are no clinical or 

pathology features to distinguish between hereditary and non-hereditary cases, 

differentiating phenocopies is problematic (27,309). Large, extended, multiple-case 

families are more likely to contain a greater number of truly hereditary cases (308) but 

they are also likely to contain one or more phenocopies. The UPDB spans up to five 

generations and has provided a valuable source of multiple-case cancer families, as 

has been demonstrated in the context of breast cancer and the localisation and 

subsequent cloning of the BRCA1 and BRCA2 genes (24,25). It has also been used in 

studies of prostate cancer genetics without similar success (288). 

Given the experience with hereditary breast cancer, colorectal cancer and melanoma, 

it is unlikely that hereditary prostate cancer will be due to mutations with complete 

penetrance (310,311) Therefore even in multiple-case families harbouring a germline 

mutation, there may be many carriers who are not affected and this will further 

complicate the identification of candidate loci when using either parametric or, more 

so, non-parametric methods (263). In addition, PSA testing can contribute to the 

variation in phenotype within a family. By detecting disease that would not have 

become clinically apparent within a normal lifetime, PSA will produce phenocopies 

especially at younger ages. Pre-PSA era disease is more likely to show linkage than 

post-PSA era disease (308). 

Possibly the most important obstacle to finding clear-cut evidence for linkage is the 

considerable genetic heterogeneity likely to exist for prostate cancer. The current 

claims of evidence for linkage to a number of sites spread across the genome has been 

generally interpreted as evidence that many genes with high-risk variants are 

responsible for the disease (307,308). In the presence of genetic heterogeneity it is 

unlikely that more than a small proportion of even truly hereditary families in a given 
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data set will be linked to the same locus. Thus identifying or confirming linkage to 

regions using a particular sample of families will largely depend on the ‘luck of the 

draw’ and may be greater if sampling is within closed populations where founder 

mutations might be relatively common (308). Genetic heterogeneity also lowers the 

power of linkage analyses.  

The problems that arise from genetic heterogeneity may be tackled by stratification of 

families on the basis of specified characteristics with the aim of defining genetically 

homogeneous sets with a higher chance of truly segregating disease-predisposing 

mutations. This idea has been used to try to identify loci associated with specific 

familial or disease characteristics such as ethnicity (302), early age at onset 

(288,289,295,299), number of affected cases (178,264), aggressive disease (278), 

male-to-male transmission (291), or association with other cancers (176). It is also 

possible that the identification of a sub-clinical phenotype, detected only by an 

elevated PSA test, may also assist in defining groups for the detection of susceptibility 

genes. 

Unfortunately, stratification can also have the effect of reducing the sample size 

available for the analysis and consequent loss of power to detect a given effect. 

Therefore, another strategy for addressing low power is to combine data sets before 

the stratification. This approach has been adopted by the ICPCG which consists of 

groups from the UK, Canada, the USA, Australia and Europe (289). Some of the 

Australian families are used in the analyses presented in this thesis. Aggregation of 

data sets also has the advantage of including populations that might be harbouring 

mutations in different genes, giving a broader basis for genome-wide scans. 

Increasing the scan density may also help to provide additional genetic information 

about pedigree members and assist in the search for candidate genes (259). 

Linkage analyses have played an important part in assisting in the identification of 

predisposing genes for breast and colorectal cancers and melanoma (155) but the 

search for a susceptibility gene to account for a significant proportion of prostate 

cancers has been less productive. Positive linkage provides evidence that a disease is 

inherited as a Mendelian trait and gives clues about the likely location of 

susceptibility genes, but it does not necessarily indicate the existence of true 

susceptibility genes, let alone identify their position on the genome with much 
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precision. It does not identify the function of the gene or allow precise estimation of 

the risk conferred by sequence variants, should they exist (280).  

 

The candidate genes  

Several candidate genes at or near the putative regions identified by the linkage 

studies above have been identified and their possible role in prostate carcinogenesis 

studied. In spite of the number of regions, there is only limited evidence of 

confirmatory linkage or association of prostate cancer to such candidate genes (309). 

The first claim of cloning of a prostate cancer gene was announced in 2000 when 

positional cloning and mutation screening within the 17p11 region located a likely 

candidate gene and described its specific location and sequence (284). The gene was 

ELAC2 and, on the basis of this early work, was optimistically renamed HPC2. 

ELAC2 is homologous to the elaC gene of bacterium Escherichia coli. Association 

studies that compare the presence of mutations in cases and controls showed a modest 

increase in risk for carriers of two common polymorphisms (306,312). Other 

association studies have failed to confirm this finding (305,313-315) and a recent 

case-control study and meta-analysis (316) found no evidence that either of the two 

identified ELAC2 polymorphisms was associated with either prostate cancer or 

elevated PSA. 

Germline mutations in the RNASEL gene, located in the 1q24-25 region, were shown 

to be present in two families linked to the HPC1 region (317,318) and the RNASEL 

gene has been proposed as the candidate gene in that region. It was identified through 

recombination mapping and candidate gene analysis (259,309). A small proportion of 

the families with evidence of linkage to the HPC1 region in the original genome-wide 

scan (274) carried germline RNASEL inactivation mutations that segregated with the 

prostate cancer (259). Mutations in the RNASEL gene, however, accounted for only a 

small proportion of the prostate cancer in families linked to the region in a different 

set of families (317,319). Results from other studies have been mixed (259). 

Association studies of three identified mutations have reported an increased prostate 

cancer risk in carriers, especially for early-onset disease (280). Recently published 

larger studies, however, have found no evidence that mutations in the RNASEL gene 
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play a significant role in prostate cancer susceptibility (320,321). Thus, evidence for 

this gene playing a role in hereditary prostate cancer appears weak. 

Recent interest has also focussed on the Macrophage Scavenger Receptor 1 (MSR1) 

gene in the 8p22-23 region (259). Evidence for a prostate cancer tumour suppressor 

gene in the region raised the possibility that the MSR1 gene might underlie the 

linkage to that site (280). Mutation screening of families in the Johns Hopkins group 

found rare mutations in the MSR1 gene in cases (322). Some families, especially 

those of European descent, showed close linkage, but for others the evidence was 

equivocal. Most of the evidence for linkage has come from families with later age at 

onset. Other groups have not found an association between prostate cancer and the 

known mutations (323). A large association study and meta-analysis, based on 2943 

men with invasive prostate cancer and 2870 male controls from prostate cancer 

studies conducted in a number of Western countries, found no difference in the 

prevalence of mutation carriers between cases and controls and no significant increase 

in prostate cancer risk for mutation carriers (324). It is thus unlikely that MSR1 is a 

significant prostate cancer predisposition gene.  

The BRCA2 gene on 13q12.3 is the only gene showing convincing evidence of 

prostate cancer susceptibility in different populations in different continents 

(280,307). Male mutation carriers were estimated to have a 23-fold increase in the risk 

of developing prostate cancer before the age of 56 years (325). Germline mutations in 

BRCA2 have been estimated, however, to account for less than 5% of hereditary 

prostate cancer (307) and around 2% of cases diagnosed before the age of 55 years 

(309). 

Summary 

The mapping and cloning of prostate cancer genes has proved to be more difficult 

than for some other common cancers and more difficult than was initially anticipated 

in an era of rapidly advancing genomics. While indirect evidence exists that at least a 

proportion of prostate cancers are the result of inheriting germline mutations that 

increase susceptibility, it is likely that a large number of genes contribute to 

predisposition to the disease.  

The difficulty in finding predisposition genes is likely to reflect a real genetic 

complexity of familial prostate cancer. Hereditary prostate cancer could be due to a 
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large number of rare high-risk mutations in multiple genes and it may also result from 

the combined effect of modest- to low-risk variants in a large number of genes (155). 

There could also be different susceptibility genes segregating in different populations 

given that the very wide variation in prevalence across different ethnic groups cannot 

as yet be explained by environmental factors. This may contribute to some of the 

inconsistent findings from linkage studies.  

The relatively small size of most linkage studies published to date may also partly 

explain the inconsistency of their findings. Very large studies examining linkage to a 

number of regions will be needed and these are currently being undertaken by large 

international collaborative investigations. The Australian families from this study are 

part of the ICPCG data set (289). These collaborations need to continue and be 

extended. 

The high phenocopy rate, coupled with the high and increasing incidence of so called 

prostate cancer, particularly of early age at onset, arising from PSA testing, is also a 

problem in this context; asymptomatic disease arising in non-carriers detected by 

screening cannot be distinguished from truly life-threatening disease arising in true 

mutation carriers.  

There is still much to be discovered, but unravelling the genetics of prostate cancer 

could lead to improved diagnosis and treatment. Some believe that solving the 

prostate cancer puzzle might provide a model for tackling the genetics for other late-

onset, poorly-defined diseases (308). 
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Chapter 13  

Summary 

Prostate cancer and family history of the disease 

Familial aggregation of prostate cancer has been observed in studies in North 

America and Europe, most of which were conducted prior to the widespread adoption 

of PSA testing for prostate cancer detection. Apart from increasing age, a family 

history of prostate cancer is recognised as the strongest established risk factor for the 

disease (3). Prostate cancer exhibits stronger familial aggregation than does breast or 

colon cancers (47).  

A meta-analysis of studies published prior to March 2004 demonstrated that the 

increased risk for relatives of cases was inversely related to both the age at diagnosis 

of the case and the age of the relative at risk. Men with an affected brother were at 

higher risk of prostate cancer than men with an affected father, and men with an 

affected first-degree relative were at higher risk than men with only an affected 

second-degree relative. The estimates from case-control studies tended to be higher 

than those from cohort studies, indicating that differential recall could have biased 

some published results. 

PSA testing has lead to an increase in the incidence of prostate cancer and the 

diagnosis of cases in asymptomatic men whose disease may not otherwise have 

spread or caused symptoms within their lifetime (8). This increase in the number of 

asymptomatic men diagnosed may alter the magnitude of familial risk estimates and 

the importance of a family history of prostate cancer. 

Between 1994 and 1998, a period when PSA testing was being widely used in 

Australia, we conducted a population-based case-control study of prostate cancer in 

three large Australian cities, recruiting over 3000 men. This represented around 65% 

of eligible cases and 46% of eligible controls. Men participating in the study provided 

information about prostate and other cancers for their first-degree relatives and for 

their aunts and uncles.  
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The accuracy of familial risk estimates depends on the quality of the family history 

data; unreliable reports will lead to imprecise or biased estimates. The quality of the 

reports for cancers among relatives was assessed by comparing the observed number 

of cancers in relatives with the number expected on the basis of population rates. The 

cancers reported for relatives of cases and controls in New South Wales and Victoria 

were also checked for veracity against the respective state cancer registries. There 

was evidence of both false-positive and false-negative reports of cancers among 

relatives.  

The number of prostate cancers reported for the first-degree relatives of controls was 

approximately that expected. While differential recall may be responsible for part of 

the higher than expected number of affected first-degree relatives of cases, it is more 

likely that it reflected true familial aggregation of the disease since reporting of 

cancers other than prostate cancer did not differ by case-control status. This was 

further supported by a higher proportion of the affected case relatives being verified 

with the cancer registry records. Uncles and aunts with cancer were substantially 

underreported by both cases and controls 

Over- or under-reporting of relatives’ cancers will affect the RR esimates but, in this 

study, it was not possible to ascertain the true disease status of every relative. 

Analysis of the effect of the false reporting on the RR estimates indicated it was 

appropriate to base all analyses of the study data on the reported cancer diagnoses. 

The case-control analyses gave results that were consistent with previously published 

estimates (39,63,66-68,71-75,77,87) of the type I RR of prostate cancer; namely, an 

increase in prostate cancer risk for men with affected relatives that increased with the 

number of affected relatives and decreased with increasing age and increasing 

distance in kinship. The risk was higher if a brother rather than a father was affected. 

The risk was also increased if more than one relative was affected. Exclusion of the 

affected relatives diagnosed after December 1991 led to a reduction in the OR for 

men with an affected brother but did not substantially alter the results for men with an 

affected father. Men with affected brothers remained at a higher risk of prostate 

cancer than men with an affected father. PSA testing appeared to have been 

associated with an increased risk for diagnosis of prostate cancer for men with an 

affected brother. Whether this was due to a higher risk for brothers or the result of the 

PSA test seeking behaviour of siblings is uncertain. 
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Men with a family history of prostate cancer were diagnosed at an earlier stage and 

with lower-grade tumours, although the differences in the ORs for familial 

aggregation between cases with different grades and stages of disease were 

significant only for stage at diagnosis. Prostate cancer-specific survival and all cause 

survival did not differ between men with or without a family history of prostate 

cancer. Most other studies have found that, apart from an earlier age at diagnosis, the 

clinical characteristics of prostate cancer in men with a family history did not differ 

from those without a family history of the disease (106,133,134,136,139-

141,145,146,148,150). 

A more in-depth analysis of familial risk was carried out using the reconstructed 

cohort of relatives. Proportional hazards modelling, using time-varying covariates, 

allowed the joint effects of the age at diagnosis of the case, and of the age of the 

relative at risk, to be assessed. This approach does not appear to have been used by 

other researchers to investigate familial aggregation, at least not for prostate cancer. 

The risk of prostate cancer was greater for relatives of cases than controls. The RR 

for case relatives decreased with the age at diagnosis of the case but was not 

associated with the age of the unaffected relatives. Brothers of cases were at higher 

RR than fathers. Other studies that have examined the risk of prostate cancer for 

relatives of an affected index case (referred to here as the Type II RR) have also 

noted an inverse relationship with the age at diagnosis of the case and a higher RR for 

brothers (47,50,52,54,56,84). PSA testing was again found to be associated with an 

increased RR of prostate cancer for men with an affected brother.  

Familial prostate cancer in this group of families appeared to be site-specific. 

Melanoma was the only site showing co-aggregation in this study, but the 

interpretation of this result is limited by the lower than expected number of 

melanomas reported for relatives of both the cases and controls. No consistent 

associations with cancers at other sites have been reported by other studies 

(56,57,67,87,165,167,168). 

The absolute risk of developing prostate cancer in the next one, five and ten years 

was estimated for first-degree relatives of cases by incorporating the RRs estimated 

from these families into a model adapted from that developed by Gail and colleagues 

for breast cancer (113). The younger relatives of men with early-onset disease were 

found to have 5-year risks that could be considered well above average but there is 
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little evidence to justify offering these men a targeted screening program. There is no 

evidence from randomised controlled trials that prostate cancer screening reduces 

mortality although there is evidence that early treatment can offer a better outcome 

(185).  

Unlike breast and colon cancers for which genes conferring increased susceptibility 

have been identified, hereditary prostate cancer can, at the moment, only be defined 

in terms of a family history of the disease rather than by the genetic makeup of an 

individual.  

Segregation analyses have provided support for the hypothesis that prostate cancer 

susceptibility follows Mendelian inheritance patterns (18-23,163,164). Genetic 

linkage studies have identified regions on the genome that might contain mutations 

that increase prostate cancer risk, but the search has been complicated by the 

multiplicity of these regions and the difficulty of replicating linkage results in 

different collections of multiple-case families.  

Prostate cancer susceptibility is more complex than initially thought and certainly 

more complex than cancers such as breast and colon cancers for which predisposing 

genes have been cloned. It has been postulated that familial prostate cancer might 

best be explained by either a number of low-penetrance mutations acting 

independently in different families or it could be the result of the combined effect of 

multiple genes acting jointly (155,307). Both these situations reduce the power of 

studies to detect linkage, and the difficulties in obtaining samples large enough to 

overcome the lack of power in most individual studies has promoted collaborative 

efforts between researchers.  

PSA testing has also complicated the search for high-risk mutations. Men with a 

family history appear to be more likely to undertake screening and screen-detected 

cancers might be less likely to progress to clinically significant disease.  

There is still much to be learned about the natural history of prostate cancer and 

strategies for preventing the disease. The efficacy of screening in reducing mortality 

from the disease and the optimal treatment, if any, for early, localised disease are still 

to be determined.  

The cloning of genes for prostate cancer susceptibility would open up new areas for 

research as it did for breast cancer. Population-based family resources, such as the 
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one collected here, have proven to be essential for identifying modifiers of risk in 

mutation carriers, characterising the importance of susceptibility genes in a 

population context, and informing genetic counselling, clinical management and 

public health strategies. In the absence of identified susceptibility genes for prostate 

cancer, we have little to offer men with a family history of prostate cancer in terms of 

their options for reducing the effect of the disease on themselves and their families. 
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Appendix A Letters and forms 

Invitation letter to prospective controls 
«Title» «First_name» «Surname» «Date» 
«Street_Address» 
«Suburb» «Postcode» 

 

 

Dear «Title» «Surname», 

We are conducting a study of men’s health, in particular the causes of prostate cancer 
– the most common cancer in men. The aims of our research are to find out what 
causes prostate cancer and to do this we need to compare the lifestyle of men who do 
not have prostate cancer with those who do. We are, therefore, seeking assistance 
from men whom we have chosen at random from the community.* 

The accuracy of out results depends on our obtaining information from everyone we 
contact. This would involve an interviewer visiting you for about an hour and a half in 
your home or at another convenient place to ask you questions about your medical 
history, health and lifestyle. Our visit does not involve any physical examination and 
all your information will remain confidential. 

Your participation is extremely important to us. Would you please complete the 
form accompanying this letter and return it in the enclosed reply paid envelope? If we 
have not heard from you by «Reply_1_due» one of our interviewers will contact you. 

Our study is described in the enclosed pamphlet but if you require any more 
information, you can telephone Margaret Staples on 9279 1163. 

 

Yours sincerely, 

 

 

 

Dr Graham Giles Ms Margaret Staples 
Chief Investigator Study Coordinator 
 
* The State Electoral Office (SEO) has made available the names, addresses and dates of birth of 
Victorian men aged between 40-69 so that they can be invited to participate in this medical research 
program. The SEO has made this information available because this is a significant medical research 
program likely to benefit Victorian men. The Anti-Cancer Council of Victoria has given an undertaking 
to the SEO that the information will only be used to invite men to participate in this program, and that 
it will not be given to any third party 

Research project supported by the National Health and Medical Research Council 
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Letter to urologists seeking permission to approach a case in their care 
«Dr_Title» «Dr_Fname» «Dr_Sname» «Date» 
«Practice_Name» 
«Street_Address» 
«Suburb» «Postcode» 
 

Dear «Dr_Title» «Dr_Sname», 

We are conducting a case-control study to identify risk factors for prostate cancer. We 
plan to obtain information about health, lifestyle and dietary habits form men in 
Melbourne, Sydney and Perth aged 40 to 69 with newly diagnosed prostate cancer of 
the prostate, and an equal number of controls who have not had prostate cancer.  

Cases are identified from pathology reports received ant the Victorian Cancer 
Registry and permission to approach them, by a standard letter and pamphlet 
(attached), is sought from their treating doctor. 

We are writing to you seeking your cooperation in regard to approaching the patient 
whose form is attached. No patient will be approached without the knowledge of their 
doctor. 

Participation is voluntary and involves a trained interviewer visiting them at a 
mutually convenient time and place to administer questionnaires. The questionnaires 
do not refer to their treatment and all information is held in confidence 

We are also collecting information on the staging of patients in order to target 
appropriate participants. If you agree to our seeking an interview with this patient, we 
would be grateful if you would complete the attached form and return it in the 
enclosed reply paid envelope or ask your secretary to contact Margaret Staples on 
9279 1163. Naturally, we would not approach any patient if you considered it to be 
unwise at this time. 

Funding for the study is from the NH&MRC. Approval has been obtained from the 
Ethics Committees of the Anti-Cancer Council of Victoria and all major hospitals in 
the Melbourne metropolitan area. The study has the endorsement of the Victorian 
Section of the Urological Society of Australasia and the Urology Study Committee of 
the Victorian Cooperative Oncology Group. We would be grateful if you would also 
agree to support this research.  

The notification received by the Victorian Cancer Registry has you as the referring 
doctor. If you are not treating this patient, we would be pleased if you could let us 
know who is. If you require any further information regarding any aspect of this study 
or a copy of the protocol and questionnaires, please telephone Margaret Staples on 
9279 1163. 
 

Yours sincerely, 
 

 

Warren Johnson Graham Giles Margaret Staples 
Head of Urology Chief Investigator Study Coordinator 
Royal Melbourne Hospital Anti-Cancer Council Anti-Cancer Council 
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Urologist reply form for cases 
Name of patient:  «Title» «First_name» «Surname» 
 «Street_Address» 
 «Suburb» «Postcode» 

 

[ ] I agree to your approaching this patient 

[ ] I do not advise contacting him at this time for the following reason: 

..........................................................................................................................  

If possible, could you please complete the following details 

I consider his tumour to be the following (clinical [ ]/pathological[ ]) stage. 

(See overleaf for the definitions of staging categories in the TNM and ABCD systems) 

 TNM ABCD 

Incidental [ ] T1a [ ] A1 
 [ ] T1b [ ] A2 
 [ ] T1c  
 
Organ confined [ ] T2a [ ] B1 
 [ ] T2b [ ] B2 
 [ ] T2c [ ] B3 
 
Locally invasive [ ] T3a [ ] C1 
 [ ] T3b [ ] C2 
 [ ] T3c [ ] C3 
 [ ] T4  

 

Disseminated [ ] N+ [ ] D1 
 [ ] M+ [ ] D2 
  [ ] D3 
 

[ ] There is insufficient information to stage this patient at present. 

 

Signature: ..................................  Date: ...................................... 
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PROSTATE CANCER STAGING 

 TNM ABCD Description 

Incidental T1a A1 Incidental histological findings in 5% or less 
of tissue resected. (A1 – focal and well-
differentiated) 

 T1b A2 Incidental histological findings in more than 
5% of tissue resected. (A2 – diffuse or 
undifferentiated) 

 T1c  Tumour identified by needle biopsy (e.g., 
because of elevated PSA) 

    

Organ confined T2a B1 Tumour involves half a lobe or less (confined 
within capsule) 

 T2b B2 Tumour involves more than half a lobe but 
not both lobes (confined within capsule) 

 T2c B3 Tumour involves both lobes 

    

Locally invasive T3a C1 Unilateral extracapsular extension 

 T3b C2 Bilateral extracapsular extension 

 T3c C3 Tumour invades seminal vesicles 

 T4  Tumour is fixed or invades adjacent structures 
other than seminal vesicles 

    

Disseminated N+ D1 Tumour invades regional lymph nodes 
(confined to pelvis) 

 M+ D2 Distant metastases (extrapelvic) 

  D3 Resistant to hormone therapy 
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Reply form for cases and controls 

 

 

THE AUSTRALIAN PROSTATE STUDY 

 

«Title» «First_name» «Surname» 

«Street_Address» 

«Suburb» «Postcode» 

 

[ ] I am interested in participating. 

[ ] I would like more information. 

[ ] I definitely do not want to participate. 

[ ] I would like to participate but I am not available until ................................. 

 

Phone number at which I can be contacted: 

 

Home................................................. Work ................................................. 

 

Other: ................................................ 

 

Signature ........................................... Date.........................................  

 

Please return this slip in the reply paid envelope. 
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Follow-up letter to non-responding cases and controls 

 

 

«Title» «First_name» «Surname» «Date» 
«Street_Address» 
«Suburb» «Postcode» 

 

 

Dear «Title» «Surname», 

Some time ago we wrote asking you to participate in our study about the causes of 
prostate cancer. We are writing again now as we haven’t heard from you and the 
success of our study depends on our obtaining information from everyone we contact. 

We are interested in the causes of prostate cancer which is the most common cancer in 
men. We would like to attempt to prevent it in the future and to do this we need to 
compare the lifestyle of men who do not have prostate cancer with those who do.  

Your participation is extremely important to us and would involve an interviewer 
visiting you for about an hour and a half in your home or at another convenient place. 
At the interview you would be asked about your lifestyle and health. There is no 
physical examination involved and all the information you give us will remain strictly 
confidential.  

If you did not receive our previous letter or no longer have it, we have enclosed 
another form and reply paid envelope and would be pleased if you would complete it 
and return it to us. 

Our study is described in the enclosed pamphlet but if you require any more 
information, you can telephone Margaret Staples on 9279 1163. 

 

Yours sincerely, 

 

 

 

Dr Graham Giles Ms Margaret Staples 
Chief Investigator Study Coordinator 
 
Research project supported by the National Health and Medical Research Council 
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Plain language statement 

THE AUSTRALIAN PROSTATE STUDY 

INVESTIGATORS IN VICTORIA 

Dr Graham Giles, Anti-Cancer Council of Victoria 
Mr Warren Johnson, Department of Urology, Royal Melbourne Hospital 

Dr John Hopper, University of Melbourne 

RESEARCH COORDINATOR 

Margaret Staples, Anti-Cancer Council of Victoria 

INTERVIEWERS 

Bernadette McCudden, Suzanne Beamish, Rosalind Lawrence 
Anti-Cancer Council of Victoria 

 

PLAIN LANGUAGE STATEMENT 

Prostate disorders are a major health problem for men as they grow older. By the age 
of 65 years, about half of all men will be affected by some sort of prostate problem. 
We are conducting a research project trying to find out why having a family history of 
prostate cancer increases risk. To do this we need to collect family information and 
blood samples from men who have prostate cancer and men who do not. The blood 
will be stored at the Peter MacCallum Hospital and will be used to identify potential 
genetic markers for prostate cancer and hence to determine whether family incidence 
of prostate cancer can be predicted by genetic tests when these become available. We 
would also like your permission to obtain a sample of prostate tissue from the 
pathology laboratory where your diagnosis was made. 

This is a research project and participation in the study may not benefit you directly. 
Information about the results of genetic tests will not be provided to participants or 
their relatives until credible tests become available  

We would like you to participate in this research by allowing us to take a small 
sample (18mL) of blood and we may also ask your permission to contact your close 
relatives to participate in this research. Relatives who are contacted may be made 
aware that you have been diagnosed with prostate cancer. They will also be asked for 
an 18mL blood sample and some questions about their health. Reported diagnoses of 
cancer in relatives will be confirmed by checking information against state cancer 
registries and death certificates. 

All your information will be kept private and details of your personal or medical 
history will not be given to other family members without your permission. Your 
name will not be linked with your other personal information, and you will not be 
identified in any publication arising from this study. Records containing personal 
identifiers will be kept under lock and key at the Anti-Cancer Council of Victoria with 
access limited to the research team, identified above, who are trained and experienced 
in handling confidential material. These records will be stored for 7 years after which 
time they will be destroyed by shredding. Computer data files will not contain your 
name. Access to data on computer will be restricted by password to the investigators 
and the coordinator. 
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You are under no obligation to take part in this study and you are free not to answer 
particular question and also to withdraw from the study at any time. If you would like 
to discuss the study further or if you require more information, you can telephone 
Margaret Staples on 9279 1163. 

 

 Dr Graham Giles 
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Pamphlet sent with invitation letter 

 

 

What is the Australian Prostate Study? 
As men grow older, many will have prostate problems, and 1 in 20 men will 

develop prostate cancer by the age of 75. Prostate cancer is now the most 

common cancer in Australian men and we know very little about what causes 

it or how to prevent it. The Australian Prostate Study will compare the 

lifestyles of men who have prostate cancer with those who don’t. In this study 

we will investigate aspects of lifestyle and health that we think might be 

important in determining who gets prostate cancer and who doesn’t. 

 

 

Who we would like to join the study 
We would like to interview all men who have recently been diagnosed and a 

random sample of men who have never had this disease. 

 

 

THE AUSTRALIAN 
PROSTATE STUDY 

 

We need your help with this important study. 
Prostate cancer is now the most common cancer diagnosed in Australian 

men and affects about 1 in 20 men by the age of 75. Very little is known 

about the causes of prostate cancer. This study will try to find out why 

some men develop prostate cancer and other s don’t. When we know what 

causes prostate cancer, we can try to prevent it 
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Why we would like you to take part 
Although the study may not benefit you directly, we need your help with this 

important medical research so that we can find ways to prevent prostate 

cancer in the future. 

 

 

What we would like you to do 
An interviewer will visit you for about two hours in your home or at another 

convenient place. Prior to the interview you will be sent a brief questionnaire 

that reviews your lifetime, jobs, places of residence etc and your family 

history. At the interview you will be asked questions about yourself, your 

health and your diet. 

 

 

What about your privacy? 
All the information you give us will remain private and confidential. You will not 

be identified in any report arising from this study. None of your personal 

information will be passed on to any other person or organisation. 

Who runs the Australian Prostate Study? 

The study is being in Melbourne, Sydney and Perth by 

The Anti-Cancer Council of Victoria 

The New South Wales Cancer Council 

The Public Health Department of the University of Western Australia 

The study is funded by the National Health and Medical Research Council. 

 

 

For further information about this study, please telephone 
In Melbourne Margaret Staples on (03) 9279 1163 

In Sydney Richard Thorowgood on (02) 9334 1921 

In Perth  Christine Costa on (09) 9380 1285 
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Consent form 

 

THE AUSTRALIAN PROSTATE STUDY 

CONSENT FORM 
 

 

I, ............................................................................. ,  agree to take part in The 
Australian Prostate Study. 

 

I know that this study is investigating the effects of lifestyle on men’s health and 
prostatic disease in particular. I understand that it may not help me personally. 

 

I understand that I will be asked questions about my health, lifestyle and diet. In 
addition, I will be asked to fill out in private a questionnaire about urinary symptoms 
and sexual activity. 

 

I have been told that the researchers will not pass on any information about my 
personal or medical history to any other person or organisation or identify me in any 
publication. 

 

I understand that I am free to refuse to answer any particular questions and that I can 
withdraw from the study at any time 

 

 

Signed: ..................................................... Date: ........................................ 

Witness:.................................................... Date: ........................................ 

 

 

If it is necessary, I agree to allow the researchers to confirm with my doctor or 
hospital, the medical details of the diagnoses and treatments I have reported this 
questionnaire. 

 

 

Signed: ..................................................... Date: ........................................ 

Witness:.................................................... Date: ........................................ 
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Appendix B Questionnaires 

Lifetime calendar 

THE AUSTRALIAN PROSTATE STUDY 
LIFETIME CALENDAR 

 
           Please complete this calendar in pencil BEFORE the interviewer calls 

 

 AGE: The column for age is filled in already 

 YEAR: Write the year of your birth opposite ‘BORN’, then fill in each year up to your present age 

 WHERE 
LIVING: 

Opposite the age that you started to live there, write the town or suburb and the state, or country if you were 
overseas. If you lived in more than one place in any year, write in the place where you lived the longest 

 CHILDREN: Write in the sex and number of children born in each year, opposite the year in which they were born 

 OCCUPATION: Write the name of your school or your occupation opposite the year you started there and write any changes 
as they occurred. For your occupation, we are interested in the type of work you have been doing. If you went 
to more than one school, or had more than one type of job in a year, write down the one you were in the 
longest 

 HOURS PER 
WEEK: 

Write in the number of hours that you attended school or usually worked in your job each week 

The information you provide will be kept strictly confidential and will not be used in any way that you could be identified 



 

 

  STUDY NUMBER   
  DATE OF INTERVIEW  

 
AGE 

 YEAR  WHERE LIVING  
(Town or City and State, 

Country if outside Australia) 

 CHILDREN 
(Sex) 

 SCHOOL OR OCCUPATION 
(For occupation list job and type of work)

 HOURS PER 
WEEK 

BORN 19__     

1 19__     

2 19__     

3 19__     

4 19__     

5 19__     

6 19__     

7 19__     

8 19__     

9 19__     

10 19__     

11 19__     

12 19__     

13 19__     

14 19__     

15 19__     

16 19__     
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AGE 

 YEAR  WHERE LIVING  
(Town or City and State, 

Country if outside Australia) 

 CHILDREN 
(Sex) 

 SCHOOL OR OCCUPATION 
(For occupation list job and type of work)

 HOURS PER 
WEEK 

17 19__     

18 19__     

19 19__     

20 19__     

21 19__     

22 19__     

23 19__     

24 19__     

25 19__     

26 19__     

27 19__     

28 19__     

29 19__     

30 19__     

31 19__     

32 19__     

33 19__     

34 19__     

35 19__     



 

 

 
AGE 

 YEAR  WHERE LIVING  
(Town or City and State, 

Country if outside Australia) 

 CHILDREN 
(Sex) 

 SCHOOL OR OCCUPATION 
(For occupation list job and type of work)

 HOURS PER 
WEEK 

36 19__     

37 19__     

38 19__     

39 19__     

40 19__     

41 19__     

42 19__     

43 19__     

44 19__     

45 19__     

46 19__     

47 19__     

48 19__     

49 19__     

50 19__     

51 19__     

52 19__     

53 19__     

54 19__     
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AGE 

 YEAR  WHERE LIVING  
(Town or City and State, 

Country if outside Australia) 

 CHILDREN 
(Sex) 

 SCHOOL OR OCCUPATION 
(For occupation list job and type of work)

 HOURS PER 
WEEK 

55 19__     

56 19__     

57 19__     

58 19__     

59 19__     

60 19__     

61 19__     

62 19__     

63 19__     

64 19__     

65 19__     

66 19__     

67 19__     

68 19__     

69 19__     
 

THANK YOU FOR YOUR COOPERATION 

 



 

 

Family history questionnaire 

THE AUSTRALIAN PROSTATE STUDY FAMILY QUESTIONNAIRE 
 

The aim of the following questions is to identify all of your immediate relatives so as to determine whether there 

is any family history of cancer. It is important to answer these questions even if none of your family has had 

cancer. 

If there is insufficient space for all your brothers and sisters or children, use the table at the back of the 

questionnaire. 

Instructions: In these questions we would like to know the exact date of birth (and date of death), if you know 

them. If you do not know the exact date but know the year, then write this in. If you are not sure of the precise 

year then try to give the approximate year 

We do not need to know the full address of your relatives but we would like to know their suburb or postcode of 

their usual or last address. 
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  STUDY NUMBER   

  DATE OF INTERVIEW  
 

The first questions are about your parents 

Relation Sex Please write in the full names of 
each parent and the suburb or 
postcode of their usual address, if 
known 

What was 
their date 
of birth 

What is 
their age 
now 

If not still 
alive, what 
was their 
date of 
death 

Did they 
ever have 
cancer 

What 
type of 
cancer 
did they 
have 

When 
was the 
cancer 
diagnosed 

Mother 

 

 

F       

Father 

 

 

M       

 



 

 

The next questions are about your brothers and sisters 
Do you have any brothers and/or sisters? 

 YES  NO If NO, go to the next section 
  If YES, answer the questions below 
Birth 
order 

Please write in the full names of each of 
your brothers and sisters and the suburb 
or postcode of their usual address, if 
known 

Sex What was 
their date 
of birth 

What is 
their 
age 
now 

If not still 
alive, what 
was their 
date of 
death 

Did they 
ever 
have 
cancer 

What 
type of 
cancer 
did they 
have 

When 
was the 
cancer 
diagnosed 

1        

2        

3        

4        

5        

6        

7        

8        

9        

10        
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The next questions are about your children 
Do you have any children? 

 YES  NO If NO, go to the next section 
  If YES, answer the questions below 
Birth 
order 

Please write in the full names of each of 
your children and the suburb or postcode 
of their usual address, if known 

Sex What was 
their date 
of birth 

What is 
their 
age 
now 

If not still 
alive, what 
was their 
date of 
death 

Did they 
ever 
have 
cancer 

What 
type of 
cancer 
did they 
have 

When 
was the 
cancer 
diagnosed 

1        

2        

3        

4        

5        

6        

7        

8        

9        

10        



 

 

The next questions are about your father’s brothers and sisters 
Do you have any paternal uncles and/or aunts? 

 YES  NO If NO, go to the next section 
  If YES, answer the questions below 
Birth 
order 

Please write in the full names of each 
paternal uncle and aunt and the suburb 
or postcode of their usual address, if 
known 

Sex What was 
their date 
of birth 

What is 
their 
age 
now 

If not still 
alive, what 
was their 
date of 
death 

Did they 
ever 
have 
cancer 

What 
type of 
cancer 
did they 
have 

When 
was the 
cancer 
diagnosed 

1        

2        

3        

4        

5        

6        

7        

8        

9        

10        
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The next questions are about your mother’s brothers and sisters 
Do you have any maternal uncles and/or aunts? 

 YES  NO If NO, go to the next section 
  If YES, answer the questions below 
Birth 
order 

Please write in the full names of each 
maternal uncle and aunt and the suburb 
or postcode of their usual address, if 
known 

Sex What was 
their date 
of birth 

What is 
their 
age 
now 

If not still 
alive, what 
was their 
date of 
death 

Did they 
ever 
have 
cancer 

What 
type of 
cancer 
did they 
have 

When 
was the 
cancer 
diagnosed 

1        

2        

3        

4        

5        

6        

7        

8        

9        

10        



 

 

Use this table if there is insufficient space in the other tables for all your brothers, sisters, children, uncles or 
aunts 

Relationship 
to you 

Please write in the full names of each 
family member and the suburb or 
postcode of their usual address, if 
known 

Sex What was 
their date 
of birth 

What is 
their 
age 
now 

If not still 
alive, what 
was their 
date of 
death 

Did 
they 
ever 
have 
cancer 

What 
type of 
cancer 
did they 
have 

When 
was the 
cancer 
diagnosed 

        

        

        

        

        

        

        

        

        

        

That concludes the questions. Thank you very much for participating in this study
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Appendix C Publications arising from this thesis 
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Segregation Analyses of 1,476 Population-Based Australian Families
Affected by Prostate Cancer
Jisheng Cui,1 Margaret P. Staples,2 John L. Hopper,1 Dallas R. English,2
Margaret R. E. McCredie,3 and Graham G. Giles2

1Centre for Genetic Epidemiology, The University of Melbourne, and 2Cancer Epidemiology Centre, The Anti-Cancer Council of Victoria,
Carlton, Victoria, Australia; and 3Cancer Epidemiology Research Unit, New South Wales Cancer Council, Woolloomooloo, New South
Wales, Australia, and Department of Preventive and Social Medicine, University of Otago, Dunedin, New Zealand

Segregation analyses aim to detect genetic factors that have a major effect on an individual’s risk of disease and
to describe them in terms of mode of inheritance, age-specific cumulative risk (penetrance), and allele frequency.
We conducted single- and two-locus segregation analyses of data from 1,476 men with prostate cancer diagnosed
at age !70 years and ascertained through population registries in Melbourne, Sydney, and Perth, Australia, and
from their brothers, fathers, and both maternal and paternal lineal uncles. Estimation and model selection were
based on asymptotic likelihood theory and were performed through use of the software MENDEL. All two-locus
models gave better fits than did single-locus models, even if lineal uncles were excluded or if we censored data (age
and disease status) for relatives at 1992, when prostate-specific–antigen testing started to have a major impact on
the incidence of prostate cancer in Australia. Among the genetic models that we considered, the best-fitting ones
included a dominantly inherited increased risk that was greater, in multiplicative terms, at younger ages, as well
as a recessively inherited or X-linked increased risk that was greater, in multiplicative terms, at older ages. The
recessive and X-linked effects were strongly confounded, and it was not possible to fit them together. Penetrance
to age 80 years was ∼70% (95% confidence interval [CI] 57%–85%) for the dominant effect and virtually 100%
for the recessive and X-linked effects. Approximately 1/30 (95% CI 1/80–1/12) men would carry the dominant
risk, and 1/140 (95% CI 1/220–1/90) would carry the recessive risk or 1/200 (95% CI 1/380–1/100) would carry
the X-linked risk. Within discussed limitations, these analyses confirm the genetic heterogeneity, of prostate cancer
susceptibility, that is becoming evident from linkage analyses, and they may aid future efforts in gene discovery.

Introduction

Having a family history of prostate cancer (CaP [MIM
176807]) is one of the few well-established risk factors
for the disease. The increased risk associated with having
at least one affected first-degree relative is approximately
twofold (Steinberg et al. 1990; Carter et al. 1992; Hayes
et al. 1995; Bratt et al. 1997, 1999; Easton et al. 1997;
Ghadirian et al. 1997). In multiplicative terms, this in-
creased risk is greater (a) the younger the age at diagnosis
in the affected relative and (b) the younger the age of
the person at risk (Gronberg et al. 1996, 1997; Bishop
and Kiemeney 1997). A similar pattern is apparent in
other cancers; for example, the existence of genes as-
sociated with a dominantly inherited high breast-cancer
risk that is greater (in multiplicative terms) at younger
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ages has been predicted by segregation analyses. These
predictions have since been confirmed by molecular
studies of the susceptibility loci BRCA1 (MIM 113705)
and BRCA2 (MIM 600185) (Ford et al. 1998).

For CaP, the increased familial risk also appears to
be greater if the affected relative is a brother rather than
a father or son (Woolf 1960; Steinberg et al. 1990; Gold-
gar et al. 1994; Hayes et al. 1995; Monroe et al. 1995;
Whittemore et al. 1995; Lesko et al. 1996; Schaid et al.
1998; Cerhan et al. 1999; Schuurman et al. 1999). A
greater risk due to an affected sibling than due to an
affected parent has been interpreted as evidence of X-
linked or recessive inheritance of CaP risk (Monroe et
al. 1995; Narod et al. 1995).

Moreover, recently published data suggest that an af-
fected twin brother is associated with an even greater
risk: 3-fold if in a DZ pair and up to 10-fold if in an
MZ pair (Gronberg et al. 1994; Page et al. 1997; Lich-
tenstein et al. 2000). There are several plausible reasons
why concordances are higher in twins than those in
nontwins, and higher still in MZ pairs. First, there may
be environmental or lifestyle factors that have an impact
on the risk and/or age at diagnosis of disease and that
are shared to a greater extent by twins than by non-
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twins. In particular, diagnosis of CaP in a brother could
spur a man to seek screening by the prostate-spe-
cific–antigen (PSA) test. The effect that diagnosis in a
sibling has on screening behavior could be stronger if
the brother is a twin rather than a nontwin and could
be stronger within MZ pairs than within DZ pairs.
There could also be genetic factors, which would ex-
plain at least part, but not necessarily all, of the excess
concordance in MZ pairs compared with DZ pairs.

Single-locus segregation analyses aim to identify the
mode of inheritance and other characteristics of the
most plausible genetic factor(s) that may have a major
effect on an individual’s risk of disease. For CaP these
analyses have typically supported the role of a rare (al-
lele frequency ∼.005) dominantly inherited set of genetic
risk factors that confer a high lifetime risk, of up to
90% by age 85 years (Carter et al. 1992; Schaid et al.
1998), although there is also a report of a more common
genetic risk (allele frequency .017), with a lower cu-
mulative probability (63% to age 85 years) (Gronberg
et al. 1997). These segregation analyses, however, have
analyzed data only from first-degree relatives of affected
probands, and, hence, their ability to differentiate be-
tween different modes of inheritance has been limited.
A recent segregation analysis suggested that a dominant
model alone cannot adequately explain family data
when probands were diagnosed at age 170 years (Schaid
et al. 1998). To the best of our knowledge, segregation
analyses considering more than one mode of inheritance
do not appear to have been published previously. Much
can be learned from segregation analyses that accom-
modate multiple sources of familial aggregation simul-
taneously and that use data from more than just nuclear
families, as we have demonstrated recently for breast
cancer (Cui et al. 2001).

During the past few years, at least six regions of the
genome have been identified that may contain loci as-
sociated with a high risk of CaP. Based on results of
previous single-locus segregation analyses, classic link-
age studies of the autosomal chromosomes have pre-
sumed dominant inheritance and have used the esti-
mates of both age-specific risk in carriers and allele
frequency quoted above. Candidate regions include the
following: 1q24-25 (the putative CaP-susceptibility lo-
cus HPC1 [MIM 601518]) (Smith et al. 1996; Cooney
et al. 1997; Hsieh et al. 1997; Xu et al. 2000), 1q42.2-
43 (PCaP [MIM 602759]) (Berthon et al. 1998), 1p36
(CAPB [MIM 603688]) (Gibbs et al. 1999), 16q23.2
(CTRB1 [MIM 118890]) (Paris et al. 2000), and, more
recently, 17p (HPC2/ELAC2 [MIM 605367]) (Rebbeck
et al. 2000; Tavtigian et al. 2000). For all of these pu-
tative autosomal loci, there also exist reports that have
failed to find evidence of linkage. There has also been
a report of a possible locus on the X chromosome, at
the region Xq27-28 (HPCX [MIM 300147]) (Xu et al.

1998). Whereas evidence for linkage to putative loci
with a presumed dominant inheritance of risk has al-
most all come from a small subset of families with CaP
that have multiple affected members, usually with early-
onset disease, recent evidence for X linkage has come
from families with fewer cases and with a later-onset
disease (Schleutker et al. 1999).

We have conducted single-locus and two-locus seg-
regation analyses of a large series of families, unselected
for family history, based on men with clinically signif-
icant CaP diagnosed at age !70 years. The families con-
sist of the proband and his father, brothers, and lineal
uncles on both sides of the family. The study was per-
formed during a period when CaP screening by the PSA
test was gaining popularity in Australia. Consequently,
we have adjusted baseline risks and have conducted
analyses in which information on relatives has been cen-
sored back to a time prior to the impact of PSA testing,
to assess the sensitivity of our model fits.

Subjects and Methods

Subjects

Data on family cancer history were collected by face-
to-face interview of participants in a population-based
case-control study of risk factors for CaP, conducted in
Melbourne, Sydney, and Perth (G. G. Giles, G. Severi,
M. R. E. McCredie, D. R. English, M. P. Staples, J. L.
Hopper, W. Johnson, P. Boyle, unpublished data). Pa-
tients were considered eligible if they were men (1) with
a first primary invasive adenocarcinoma of the prostate,
with Gleason score 14; (2) diagnosed between April 1,
1994 and December 31, 1997; (3) age at diagnosis !70
years; and (4) resident in the metropolitan areas of these
state capital cities. Patients were identified from the state
cancer registries of Victoria, New South Wales, and
Western Australia and were approached with the per-
mission of their treating urologist. In this analysis, only
data from patients (hereafter referred to as the “pro-
bands”) and their relatives were used.

Information about date of birth, vital status, and his-
tory of cancer in all first-degree relatives and in both
maternal and paternal lineal uncles was sought from
probands by means of a self-completed questionnaire.
Date at diagnosis (and, therefore, age at diagnosis) was
recorded for the proband and for all affected relatives.
Age at last interview—and age at death, if the individual
no longer was alive—were recorded for all unaffected
relatives. Information about grandfathers was not col-
lected, because it was found that few probands had re-
liable information about CaP in grandfathers. To date,
we have been able to confirm 45% (165/363) of all re-
ports of CaP in relatives, 56% (62/111) for brothers,
44% (71/163) for fathers, and 36% (32/89) for uncles.
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No false positives have been detected. The analyses be-
low are based on the proband’s report of family history.

Statistical Analysis

The cumulative probability of CaP in a defined cohort
of relatives of the probands— , where S(t)F(t) p 1 � S(t)
is the survivor function—was estimated by the Kaplan-
Meier product-limit method (Kaplan and Meier 1958),
based on the disease status and censored age and cal-
culated by the statistical software STATA, release 6
(Stata Corporation). The variance of the product-limit
estimator was estimated by Greenwood’s (1926) for-
mula and was used to calculate confidence intervals. This
was performed separately for probands and their broth-
ers, fathers, and lineal uncles on both maternal and pa-
ternal sides of each family.

Complex segregation analyses were performed under
maximum-likelihood theory, by the software MENDEL
(Lange et al. 1988). We fitted what have traditionally been
called single-locus and two-locus models of “major gene”
effects with different modes of inheritance (autosomal
dominant, recessive, codominant, and X linked). To ad-
just for ascertainment, the likelihood for each pedigree
was conditioned on the proband being affected at his age
at diagnosis of CaP.

For a single-locus model, let a represent a disease allele
and assume a Mendelian mode of transmission. Let

be the population frequency of all diseasep p 1 � q
alleles at this locus and assume random mating and
Hardy-Weinberg equilibrium at this locus (Elandt-John-
son 1971). Note that, despite its historic name, a single-
locus model may represent effects with the same mode
of inheritance at multiple loci, provided that, at each of
these loci, the at-risk genotype (e.g., Aa or aa for dom-
inant inheritance or aa for recessive inheritance) is so
rare that it is highly unlikely that more than one locus
contributes to this type of genetic risk in any one family.

In accordance with the studies by Ford et al. (1998)
and Cui and Hopper (2000), a proportional-hazards
model was assumed, in which the hazard function of
development of CaP at age t, in calendar year group k
( ), for a male with i disease alleles (…k p 1, 2, , K i p

), is given by , where we set0, 1, 2 l (t, k) p HR (t)l (t, k)i i 0

, so that HRi(t) is the genetic hazard ratio atHR (t) p 10

age t (Benichou 1997) for males with i alleles, compared
with that for noncarriers. Here the hazard ratio HRi(t)
depends only on age t, not on calendar-year group
k—whereas the absolute hazard, li(t, k), is assumed to
be dependent on both age t and calendar-year group k,
to reflect the change in CaP incidences since the early
1990s, after the introduction of PSA testing.

We chose the number of calendar-year groups to be
, with l(t, 1) representing the age-specific inci-K p 2

dence before 1992 and l(t, 2) the incidence after 1992.

This is because the incidence rate was relatively stable
before 1992 and then increased by nearly twofold from
1992 to 1996 (Giles et al. 1992, 1998; McCredie et al.
1996). Incidence rates were calculated using a population-
weighted average of age-specific rates from each of the
three states. First-, second-, third-, and fourth-order poly-
nomial functions were used to model the log hazard ratio
ln[HRi(t)]. For females, we assumed that forl (t, k) p 0i

all i.
We modeled ln[HRi(t)] as a Jth-order polynomial

function of age t, given by

J

j …ln [HR (t)] p a � b (t � 60) , J p 1, ,4 , (1)�i j
jp1

where exp(a) is the hazard ratio at age 60 years.
Let l(t, k) be the population incidence of CaP at age

t, in calendar-year group k. If, for simplicity, it is as-
sumed that there is no mortality difference, by genotype,
across the age ranges considered (although this could
have been implemented; e.g., see Bishop et al. [1988]),
then, for an autosomal locus, the hazard function for
noncarriers is given by

l(t,k)
l (t,k) p0 2 2(1 � q )HR (t) � qd

under dominant inheritance, where HR (t) p1

; byHR (t) p HR (t)2 d

l(t,k)
l (t,k) p0 2 2p HR (t) � (1 � p )r

under recessive inheritance, where andHR (t) p 11

; and byHR (t) p HR (t)2 r

l(t,k)
l (t,k) p0 2 2p HR (t) � 2pqHR (t) � q2 1

under the codominant model, where HR1(t) and HR2(t)
are not necessarily equal to HR0(t) or to each other.

For a locus on the X chromosome, the hazard function
for noncarriers is given by

l(t,k)
l (t,k) p ,0 p HR (t) � (1 � p )X X X

where , , and pX is the fre-HR (t) p HR (t) HR (t) p 01 X 2

quency of all disease alleles at that locus.
We estimated all parameters on the log scale—that is,

as ln(p), ln[HR1(t)], and ln[HR2(t)]—because on that
scale their log-likelihood profiles were close to a quad-
ratic curve. Maximum-likelihood theory, therefore, sug-
gests that their distributions are close to normal and thus
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Table 1

Number of Men with CaP, by Age at Diagnosis, for Different Categories of Family Members

AGE AT

DIAGNOSIS

(years)

NO. (%) OF AFFECTED MEN

Proband ( )n p 1,476 Father ( )n p 1,476 Brother ( )n p 1,890 Uncle ( )n p 2,552

!50 56 (3.8) 1 (.6) 2 (1.8) 0
50–54 183 (12.4) 3 (1.8) 11 (9.9) 1 (1.1)
55–59 412 (27.9) 6 (3.7) 18 (16.2) 2 (2.3)
60–64 366 (24.8) 8 (4.9) 36 (32.4) 7 (7.9)
65–69 459 (31.1) 25 (15.3) 33 (29.7) 11 (12.4)
70–74 0 35 (21.5) 8 (7.2) 22 (24.7)
75–79 0 34 (20.9) 1 (0.9) 20 (22.5)
80–85 0 34 (20.9) 2 (1.8) 17 (19.1)
�85 0 17 (10.4) 0 9 (10.1)

Total 1,476 163 111 89

valid variance estimates are obtainable from the asymp-
totic covariance matrix.

The probability that a male with i disease alleles de-
velops CaP at age t, in calendar-year group k (so as to
allow for an effect of PSA testing on incidence rate), is
given by

t�1

l (t,1) exp � l (s,1)ds for k p 1 ,[ ]i � i
0

t t�11

l (t,2) exp � l (s,1)ds � l (s,2)ds for k p 2 ,[ ]i � i � i
0 t �11

where t1 is the male’s age in 1992. The probability that
a male does not develop the disease before age t, in
calendar-year group , is given byk p 2

t t1

exp � l (s,1)ds � l (s,2)ds ,[ ]� i � i
0 t �11

where indicates the number of disease alleles.i p 0, 1, 2
For a two-locus model, without loss of generality, we

assume dominant inheritance for the first locus and X-
linked inheritance for the second. The interaction be-
tween the effects of these two loci was allowed to be
multiplicative or additive. Under a multiplicative model,
the hazard ratio for carriers of both a dominant and X-
linked risk is given by , where HRd is the′HR # HRd X

hazard ratio for carriers of the dominant risk and
the hazard ratio for carriers of the X-linked risk;′HRX

under an additive model, the hazard ratio is HR �d

. The correlations between the estimates of pairs of′HRX

model parameters (e.g., the dominant and X-linked allele
frequencies and the dominant and X-linked hazard ra-
tios) were estimated from the asymptotic correlation ma-
trix given by MENDEL (Lange et al. 1988).

Nested models were compared using the likelihood-
ratio test; otherwise, we used Akaike’s (1974) infor-
mation criterion (AIC), defined as AIC p 2(�maximum

log-likelihood � no. of parameters estimated). The AIC
serves as a measure for assessing the relative fits of un-
nested models by adding a penalty to each log-likelihood
to reflect the number of parameters estimated under a
particular model. The parsimonious model was taken to
be that with the minimum AIC.

To examine the possible effects of the introduction of
PSA testing, we conducted sensitivity analyses. The age
and disease status of all relatives were assumed to be
the age and disease status present at the beginning of
1992. To identify the families that were most likely to
be contributing to a particular major-gene effect (dom-
inant, recessive, codominant, or X linked), we calcu-
lated, for each family, the change that occurred in log-
likelihood when that effect was included in a single-locus
model, compared with a null model, in which the effect
was not included.

Results

Descriptive Statistics and Analysis of Cohorts of
Relatives

A total of 1,476 families (based on 437 probands liv-
ing in Sydney, 786 in Melbourne, and 253 in Perth)
contained 8,836 male relatives, of whom 363 (4%) had
been diagnosed with CaP. Approximately 80% of the
probands (1,192/1,476) did not have a father with CaP
or any brothers or uncles with CaP; two probands had
three affected brothers; five probands had three affected
lineal uncles; and four probands had four affected
relatives.

Table 1 shows that 11% (163/1,476) of fathers, 6%
(111/1,890) of brothers, and 3.5% (89/2,552) of lineal
uncles had been diagnosed with CaP. The median age
at diagnosis of CaP was 61 years (mean 61 years, SD 6
years) for the probands, 62 years (mean 63 years, SD 6
years) for the affected brothers, 75 years (mean 74 years,
SD 8 years) for the affected fathers, and 75 years (mean
75 years, SD 8 years) for the affected lineal uncles.
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Figure 1 Age-specific cumulative probability of CaP for the pop-
ulation and for brothers, fathers, and lineal uncles of the probands
who had CaP at age !70 years.

Figure 1 shows the cumulative probability of CaP for
the Australian population and for cohorts defined by the
brothers, fathers, and lineal uncles of the proband. By
the mid-1990s, ∼1% of Australian men were diagnosed
with CaP at age !65 years, 5% at age !75 years, and
12% at age !85 years (Giles et al. 1998). For the broth-
ers, ∼8% (95% confidence interval [CI] 6%–10%) were
affected by age 65 years and 18% (95% CI 14% - 22%)
were affected by age 75 years. When we used data (age
and disease status) collected from brothers prior to 1992,
5% were affected by age 70 years, but this estimate was
based on just 20 cases, and there was little information
on brothers beyond that age. For fathers, ∼9% (95%
CI 7%–11%) were affected by age 75 years. There also
appeared to be a small excess risk in lineal uncles, at
least by age 75 years when ∼6% (95% CI 4%–8%) were
affected. There was no discernible difference between
paternal and maternal uncles ( , ).2x p 3.1 P p .08(1)

Segregation Analyses—Single-Locus Models

Table 2 (top half) shows the best-fitting single-locus
models for different modes of inheritance. Under dom-
inant inheritance alone, the log hazard ratio was best
described by a quadratic function of age (i.e., inb p 03

eq. [1]). The cumulative probability of CaP in carriers
of at least one copy of the disease allele was estimated
to be 7%, 36%, and 79% to ages 60, 70, and 80 years,
respectively. These cumulative probability estimates
were not changed greatly when different polynomial
models for ln[HRi(t)] were fitted. Under the assumption
of constant hazard ratio (results not shown), the esti-
mated allele frequency was .011 (95% CI .006–.021),
and the hazard ratio was 36 (95% CI 27–47).

Under recessive inheritance alone, the best-fitting
model of the log hazard ratio was a cubic function of
age. The cumulative probability of CaP in homozygote
carriers was 14%, 62%, and 96% to ages 60, 70, and
80 years, respectively. Again, the estimated penetrances
did not change greatly for different polynomial models.
Under the assumption of constant hazard ratio (results
not shown), the estimated allele frequency was .15 (95%
CI .11–.20), and the hazard ratio was 43 (95% CI
27–70). The estimates under codominant inheritance
were similar to those under recessive inheritance.

Under X-linked inheritance alone, the best-fitting
model of log hazard ratio was a cubic function of age.
The cumulative probability of CaP in carriers of the X-
linked risk was 20%, 75%, and 99% to ages 60, 70,
and 80 years, respectively. Under the assumption of con-
stant hazard ratio, the estimated allele frequency was
.01 (95% CI .004–.022), and the hazard ratio was 62
(95% CI 36–108). On the basis of AIC, the recessive
model was the most parsimonious single mode-of-in-
heritance model.

Segregation Analyses—Two-Locus Models

Table 2 (bottom half) shows the best-fitting two-locus
models under the multiplicative assumption; we found
that the fits were better if it was assumed that the in-
teraction effects were multiplicative rather than additive
(results not shown). The two-locus recessive � X-linked
model is not shown because it was not possible to derive
estimates, owing to the lack of convergence of the max-
imization algorithm, presumably reflecting the collinear-
ity of parameters describing these two modes of inher-
itance when this family design was used. In all two-locus
models, the best-fitting description of the log hazard ra-
tio was a quadratic function of age. The two-locus mod-
els gave a better fit than did the single-locus models. As
judged on the basis of AIC and the likelihood-ratio tests,
the dominant � recessive multiplicative model gave a
better fit than did the dominant � X-linked model. The
strength of dominant effect, in terms of the allele fre-
quency and hazard ratio, was reduced by incorporation
of a recessive or X-linked effect. Under the multiplicative
assumption, the cumulative probability of CaP to age
80 years in carriers of the dominant risk decreased from
75% to either 69%, when a recessive risk was added,
or to 72%, when an X-linked risk was added; on the
other hand, the cumulative probability of CaP for car-
riers of the recessive risk was increased by incorporation
of a dominant effect, increasing from 91% to 100% by
age 80 years. The corresponding probability for carriers
of the X-linked risk also was increased, from 69% to
100% by age 80 years, after incorporation of a dominant
effect.

The correlation coefficients between the estimates of
the allele frequencies for the two modes of inheritance
were small and not significant, being .09 and .07 under
multiplicative dominant � X-linked and dominant �



Table 2

Best-Fitting Segregation Analyses of Single-Locus and Two-Locus Models

MODEL AND MODE OF INHERITANCE

ESTIMATE (95% CI)

LOG-

LIKELIHOOD AICAllele Frequency

Hazard-Ratio Parametera

exp(a) b1 b2 b3

Single-locus models:

Null 0 1 0 0 0 �2,305.23 4,610.46

Dominant .009 (.006 to .015) 47.9 (31.1 to 73.8) �.2283 (�.3431 to �.1134) .0114 (.0047 to .0181) 0 �2,136.79 4,281.58

Recessive .187 (.160 to .220) 32.2 (24.9 to 44.2) �.1174 (�.1512 to �.0836) �.0010 (�.0038 to .0018) .0005 (.0003 to .0007) �2,120.60 4,249.20

X linked .014 (.008 to .026) 48.0 (32.5 to 71.0) �.1063 (�.1628 to �.0498) .0015 (�.0031 to .0061) .0009 (.0004 to .0014) �2,154.83 4,319.66

Two-locus multiplicative models:

Dominant � rcessive �2,097.84 4,211.68

Dominant .017 (.006 to .044) 7.7 (2.2 to 26.6) �.2555 (�.4187 to �.0923) .0231 (.0066 to .0396)

Recessive .084 (.067 to .105) 93.5 (59.6 to 146.5) .0779 (.0149 to .1409) �.0010 (�.0090 to .0069)

Dominant � X linked �2,101.21 4,218.42

Dominant .012 (.006 to .026) 14.3 (7.3 to 28.2) �.2272 (�.3525 to �.1019) .0174 (.0089 to .0258)

X linked .005 (.003 to .009) 82.4 (49.0 to 138.6) .0764 (.0121 to .1408) �.0045 (�.0128 to .0038)

a The natural logarithm of the hazard ratio is parameterized as a polynomial in age, according to equation (1).
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Figure 2 Estimated hazard ratios and cumulative probabilities under two-locus multiplicative models

recessive models, respectively. Similarly, the correlation
coefficients between the estimates of hazard ratios of the
two modes of inheritance were all !.20 and not statis-
tically significant.

Figure 2a and b shows the estimated best-fitting quad-
ratic hazard ratios under the two-locus models, plotted
on a log scale. Similar graphs were evident from fits that
allowed for the hazard ratios to be a cubic function of
age. The hazard ratio for the dominantly inherited risk
decreased rapidly, from ∼800 at age 50 years to 10 at
age 70 years. The hazard ratio for the X-linked risk
increased from 25 at age 50 years to 110 at age 70 years
and then stabilized at that level. The hazard ratio for
the recessively inherited risk increased from 40 at age
50 years to ∼180 at age 70 years; that is, the dominant
risk was more evident at earlier ages, whereas the X-
linked and recessive risks were more evident at later ages.

Figure 2c and d shows the estimated cumulative prob-
ability of CaP for carriers of the dominantly inherited,
X-linked, and recessively inherited risks, based on the
estimates given in the bottom half of table 2. The pen-
etrance for carriers of the X-linked risk increased rapidly,
from 19% to 89% and 100% at ages 60, 70, and 80
years, respectively, similar to the penetrance for carriers
of the recessive risk, which increased from 23% to 94%
and 100% at the same ages; irrespective of the mode of
inheritance at the other locus, the penetrance for carriers
of the dominant risk increased from 7% to 18% and
72%, at the same ages.

Table 3 shows the 10 families for which the change
in log-likelihood was greatest as a result of addition of
an X-linked single-locus effect to a null model. These
families have either multiple brothers affected or lineal
maternal uncles affected, if not both. Nine probands
were diagnosed at age �60 years, and 80% (14/18) of
the affected brothers were diagnosed at age !65 years.
The three affected maternal uncles, however, were di-
agnosed at age 170 years.

Table 3 also shows the 10 families that provided the
most evidence for a recessively inherited risk. These fam-
ilies also have either multiple affected brothers or an
affected father or uncles. More than 60% (9/14) of af-
fected brothers were diagnosed at age !60 years. Seven
families had an affected father, compared with only two
families in the X-linked situation. Five families contrib-
uted both to the 10 families most influential for the X-
linked mode of inheritance and to the 10 families most
influential for the recessive mode of inheritance. Finally,
table 3 shows the 10 families that provided the most
evidence for a dominantly inherited risk, 8 of which also
contributed to those for the recessive model and 4 of
which contributed to those for the X-linked model.

We performed two sets of sensitivity analyses, using
the age and disease status of relatives prior to 1992 and
only first-degree relatives of the probands. Both of the
two-locus models still gave a better fit than did the single-
locus model, irrespective of how we restricted the data
from relatives. Estimates of the allele frequency were
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Table 3

Age at Diagnosis of All Affected Members of 10 Families for Which the Change in Log-Likelihood
was Greatest When an X-Linked, Recessive, and Dominant Effect Was Added to the Null Model

INHERITANCE AND

FAMILY ID

AGE(S) AT DIAGNOSIS

(years)

DLLaProband Father Brother(s) Uncle(s)

X linked:
VIC1216 51 … 61, 68 74b (Maternal) 7.15
VIC50 60 … 59, 66, 67 … 6.77
VIC895 54 … 52, 58 … 6.61
VIC1335 58 72b 57, 60 … 5.85
VIC1805 49 64b … 74b (Maternal); 54b, 70b (Paternal) 5.10
WA2300 59 … 59,63 5.09
VIC1290 52 … 61 74b (Maternal) 4.90
NSW621 57 … 64b, 64b … 4.88
NSW831 53 … 63, 65 … 4.81
NSW54 61 … 62, 66 … 4.54

Recessive:
VIC1335 58 72b 57, 60 … 6.69
VIC895 54 … 52, 58 … 6.09
VIC1805 49 64b … 74b (Maternal); 54b, 70b (Paternal) 5.83
VIC1216 51 … 61, 68 74b (Maternal) 5.39
NSW770 55 78b 54 … 5.33
VIC1132 55 80b 52b … 5.11
VIC479 55 54b 66b … 5.08
VIC50 60 … 59, 66, 67 … 5.04
NSW780 55 80b 53 … 4.96
WA1605 60 71b 60 77 (Paternal) 4.89

Dominant:
VIC1335 58 72b 57, 60 … 5.98
VIC1805 49 64b … 74b (Maternal); 54b, 70b (Paternal) 5.41
VIC895 54 … 52,58 … 5.15
NSW817 55 72 … 76, 82, 82 (Paternal) 5.09
VIC1216 51 … 61, 68 74b (Maternal) 4.91
VIC479 55 54b 66b … 4.66
NSW770 55 78b 54b … 4.50
VIC1637 55 70b 54b … 4.42
VIC1132 55 80b 52b … 4.39
WA1605 60 71b 60 77 (Paternal) 4.38

a Change in log-likelihood, compared with the null model.
b Diagnosed before 1992.

smaller when data on relatives were censored. For ex-
ample, under the constant–hazard-ratio assumption and
the multiplicative two-locus model, the allele frequency
for the dominant risk was ∼.01, irrespective of whether
the other locus was recessive or X-linked, compared with
.03 when data for all relatives were used, and the esti-
mated constant hazard ratio was stable, at ∼15. The
estimated allele frequency for the X-linked risk was
.0001, compared with .005 when data for all relatives
were used. Also, the estimated allele frequency of the
recessive risk became .05, compared with .08. The es-
timated constant hazard ratio did not change much for
the dominant risk; however, it became ∼60 and ∼160
for the recessive and X-linked risks, respectively.

For the recessive effect, the allele frequency decreased
from .08 to .05 when the relatives were censored, and

the constant hazard ratio decreased from 110 to 60, with
the cumulative probability to age 70 years decreasing
from 91% to 75%. For the X-linked effect, the allele
frequency decreased from .005 to .001, although the
constant hazard ratio increased from 90 to 160, and the
cumulative probability to age 70 years increased from
86% to 97%.

When we used only first-degree relatives of the pro-
bands, the estimated allele frequency was slightly higher,
with a wider 95% CI, than when we used all relatives.
The estimated allele frequency of the dominant risk be-
came .04, whereas the estimated allele frequency for re-
cessive and X-linked risks became .09 and .007, respec-
tively. The estimated constant hazard ratio for the
dominant risk became ∼20, whereas for recessive and
X-linked risk it became ∼100 and ∼80, respectively.
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Discussion

Our two-locus segregation analysis, of families with CaP
that included uncles of probands, has confirmed the
likely genetic heterogeneity of CaP. Segregation analyses
aim to detect genetic factors that have a major effect on
an individual’s risk of disease; hence, the term “major
gene effects” is often used. For CaP we have found that
such effects could include two or more of the following:
(1) dominantly inherited risks contributing especially to
early-onset disease, (2) X-linked risks, and (3) recessively
inherited risks, the latter two appearing to contribute
more to later-onset disease. Recent linkage and other
molecular studies have identified several autosomal
regions, as well as one region on the X chromosome,
that may contain genes contributing a (dominantly) in-
herited risk (Ostrander and Stanford 2000).

Most of the previous segregation studies have been
single-locus and restricted to nuclear families. They have
tended to favor a dominantly inherited risk for CaP
(Steinberg et al. 1990; Gronberg et al. 1994; 1996;
Hayes et al. 1995; Page et al. 1997). However, some
studies have claimed evidence of an X-linked or reces-
sively inherited risk, on the basis of the observation that
relative risk due to the presence of an affected brother
is greater than that due to the presence of an affected
father or son (Monroe et al. 1995; Narod et al. 1995).
To the best of our knowledge, ours is the first segre-
gation analysis of CaP that has fitted two-locus models
and that has used more than just nuclear families. We
found stronger evidence for the co-occurrence of both
the dominant and the nondominant modes of inheri-
tance than for the occurrence of either mode alone. The
penetrance associated with the nondominant effects ap-
pears to be considerably higher than that for the dom-
inant effects, even after the data on relatives are cen-
sored so as not to include cases identified by the recent
epidemic of PSA-detected CaP in Australia (see below).
It was not possible, however, with the family structure
of our design, to discriminate between recessive and X-
linked effects.

The introduction of PSA testing during the early
1990s in Australia has led to a dramatic increase in the
incidence of CaP in the subsequent years. Recent sta-
tistical modeling (Etzioni et al. 1998) has suggested that
∼50% of new cases in the United States would have
been unlikely to have come to clinical diagnosis in the
absence of PSA testing. There is also evidence that men
with CaP diagnosed by PSA testing are ∼3–5.5 years
younger than those with CaP diagnosed by either digital
rectal examination or physical symptoms (Gann et al.
1995; Pearson et al. 1996). In the present study, 82%
(91/111) of brothers, compared with 20% (32/163) of
fathers and 33% (29/89) of uncles, were diagnosed dur-

ing or after 1992. To adjust for the changing incidence
of CaP over time, we used calendar-time–specific base-
line incidences—namely, a lower incidence before 1992
and a higher incidence after 1992—based on Australian
cancer-registry data.

We only fitted models for genetic factors that had a
strong influence on individual risk. It is possible that
familial aggregation could also be due to nongenetic
factors shared by relatives. Some segregation analyses
claim to fit, if not exclude, so-called “environmental
models,” through a convenient but limited parameter-
ization of the transmission probabilities. In reality, the
family environment could act in many and much more
sophisticated ways. Family and twin analyses of con-
tinuous traits have demonstrated that evidence for ef-
fects of family environment can be inferred from mod-
eling of the familial trait correlations, through use of
both genetic relationship and cohabitation status, pro-
vided that the design is such that genetic and nongenetic
effects are not highly confounded (as is usually the case
with nuclear-family–alone designs); for example, see the
report by Harrap et al. (2000). Therefore, interpretation
of our model fits must take into account that at least a
component of familial aggregation could be due to non-
genetic familial factors. In the present study, our aim
has not been to tease apart the unmeasured effects of
genes and environment, which would be better done by
specialized designs such as those involving twin or adop-
tee families; instead, our aim has been to try to make
inferences about the types and characteristics of major-
gene effects, primarily to assist efforts aimed at gene
discovery.

Environmental or lifestyle factors associated with a
substantial risk of disease have yet to be identified.
However, given that there is a high prevalence of latent
CaP in older men, familial aggregation could, in part,
be due to diagnostic zeal. This has become of particular
importance in recent years, with the advent of PSA test-
ing. Screening behavior is likely to be correlated within
families, particularly between brothers: an unaffected
man whose brother has been recently diagnosed with
CaP could be prompted to have a PSA test himself,
leading to a diagnosis of CaP at an age much earlier
than when it otherwise would have occurred (if ever).

To assess the impact of PSA testing on our model fits,
we conducted sensitivity analyses, by ignoring infor-
mation on relatives collected since the beginning of
1992. We found that the estimates of allele frequency
and penetrance for the dominantly inherited risk were
robust to this censoring. For the recessive effect, both
the allele frequency and cumulative probability de-
creased slightly. For the X-linked effect, however, there
was a substantial decrease in the estimate of the allele
frequency, as well as an increase in the estimate of the
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cumulative probability. The instability of estimates for
the nondominant effects may be due to the reduction
in the number of incident cases among relatives, espe-
cially among brothers. Nevertheless, despite ignoring all
cases in relatives since 1992, we still found evidence of
nondominant genetic effects in addition to dominantly
inherited ones. The most realistic model probably lies
somewhere between that fitted with all data of relatives
and that with the censoring of data at the beginning of
1992.

We modeled the increased risk in carriers by multi-
plying the age-specific population incidence by a factor
(the hazard ratio) and fitted polynomial functions for
the log hazard ratio. We used the flexibility of this set
of functions to examine nonconstant or nonlinear trends
of multiplicative genetic risks in carriers. Implementa-
tion of this strategy led to detection of both a decreasing
trend with age, for the dominant hazard ratio, and an
increasing trend with age, for the X-linked and recessive
hazard ratio, at early ages. Both of these trends tended
to dissipate at later ages (fig. 2); that is, in multiplicative
terms there were quantitatively different patterns for the
dominantly inherited increased risk, which was greater
at earlier ages, compared with the nondominant risks,
which were greater at later ages. This is of interest, given
that the linkage study of Schleutker et al. (1999) found
evidence for X linkage in families with later mean ages
at onset and with relatively few cases, in contrast with
the studies finding evidence for dominantly inherited
risk at the putative HPC1 region, confined mostly to
families with multiple cases of early mean age at di-
agnosis (Smith et al. 1996; Cooney et al. 1997; Hsieh
et al. 1997; Xu et al. 2000).

Nevertheless, our family data still combine both CaP
diagnosed prior to PSA testing (in the majority of af-
fected fathers and uncles) and CaP diagnosed during the
PSA-testing era (in all probands and in the great ma-
jority of brothers); that is, the phenotype does not nec-
essarily have the same definition within a family. (This
phenomenon is probably having a major impact on CaP
linkage studies, by inducing phenocopies.) In addition
to the sensitivity analyses, we have attempted to obtain
some uniformity of phenotype definition within and be-
tween families, by excluding from recruitment as pro-
bands those newly diagnosed cases who had a Gleason
score !5; that is, we have focused on clinically signifi-
cant CaP. Nevertheless, we are still likely to have in-
cluded a proportion of probands who would not have
been diagnosed if not for PSA testing. CaP is a biolog-
ically heterogeneous disease. One way to increase dis-
ease specificity is to retrieve archival tissue and to per-
form immunohistochemical studies in order to define
homogenous subgroups for future reanalysis. We are
pursuing this approach.

The question remains as to the identity of the pop-

ulation about which we are making inferences. We have
sampled families through probands with clinically sig-
nificant CaP diagnosed at age !70 years. Therefore, the
genes that are apparently segregating in these families
are those which are most likely to cause such early-onset
disease. We have, in effect, estimated the penetrance of
these genes through use of the disease history of the
relatives of the probands, as has been done for muta-
tions in BRCA1 and BRCA2 through use of the families
of known mutation carriers (Hopper et al. 1999). In
doing so, we have estimated the penetrance function to
ages beyond the latest age at diagnosis of the probands.

In summary, our analyses need to be interpreted within
the usual caveats that apply to segregation analyses; in
particular, that they are trying to determine the best-
fitting genetic models, not to differentiate between genetic
effects and a broad range of plausible environmental ef-
fects. Furthermore, PSA testing has created problems in
terms of disease definition and may be contributing to
the high incidence rate that has been seen in brothers
since 1992—and, thereby, artifactually may be giving
more credence to models that include nondominant
modes of inheritance. Nevertheless, our analyses suggest
that there may be multiple sources of genetic risks for
CaP, involving autosomal genes associated with domi-
nantly and recessively inherited risks, as well as one or
more genes on the X chromosome. Therefore, in addition
to further exploration of dominant inheritance of CaP,
future linkage studies might benefit from consideration
of recessive effects of high penetrance and should con-
tinue to examine the X chromosome, for the presence of
cancer-susceptibility genes. The findings in the present
study may have implications for future efforts in gene
discovery.
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Abstract

Objective: We conducted a case–control study of prostate cancer and familial risk of the disease in Australia
between 1994 and 1998, a period during which the incidence of prostate cancer increased dramatically with
widespread use of prostate-specific antigen (PSA) testing.
Methods: 1475 cases and 1405 controls were asked about prostate cancer in their first-degree relatives. Odds ratios
(OR) were calculated using logistic regression.
Results: Cases were more likely to report a family history of prostate cancer than controls (OR 3.0; 95% confidence
interval (CI) 2.3–3.9) and cases reporting an affected relative were younger (58.8 versus 60.9 years, p < 0.0001). The
OR for an affected first-degree relative increased with increasing number of affected relatives and decreased with
increasing age of the case. The OR for more than one affected first-degree relative was 6.9 (95% CI 2.7–18). The OR
for an affected brother was 3.9 (95% CI 2.5–6.1) and for an affected father was 2.9 (95% CI 2.1–3.9) but these were
not significantly different (p ¼ 0.2). When analyses were repeated including only diagnoses made in relatives prior
to 1992, the risks were generally similar except that the OR for an affected brother decreased to 3.1 (95% CI 1.2–
3.9). When only relatives’ diagnoses made after 1991 were included results were again similar to those for all
relatives, although the effect for brothers was greater and the attenuation with age at diagnosis dissipated.
Conclusions: The recent introduction of PSA testing that has resulted in a greater prevalence of apparent prostate
cancer, does not appear to have substantially altered familial risks of disease, although effects associated with
brothers may be inflated.

Introduction

Case–control and cohort studies have found that the
risk of prostate cancer is higher for men with an affected
relative [1]. The magnitude of the increased risk has been
shown to vary with the type and degree of relationship
of the affected relative, the number of relatives affected
and the age at which the relatives were diagnosed. The

risk in male relatives of cases has been shown to be
inversely related to the case’s age at diagnosis [2] with
relatives of early onset cases having a higher increased
risk than those of later onset cases. On a population
basis, prostate cancer shows stronger aggregation in
families than breast cancer [3] and a family history of
prostate cancer is one of the strongest known risk
factors for the disease [4].

This report presents analyses of family history of
prostate cancer from a population-based case–control
study of risk factors for prostate cancer conducted in
Australia between 1994 and 1998. The incidence rates of
prostate cancer in Australia increased dramatically in
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the early 1990s [5] after the introduction and widespread
use of prostate-specific antigen (PSA) testing [6] and
these increases may have affected the reporting of a
family history of the disease.

To investigate whether the strength of the association
between family history and the risk of prostate cancer
has changed with the changing incidence of prostate
cancer, we have compared results of analyses using all
reports of a family history of prostate cancer with those
obtained when diagnoses made in relatives before 1992
and after 1991 were analysed separately.

The association of a family history of prostate cancer
with a number of clinical and pathological features has
been investigated in several studies [7–10] but no specific
characteristics have been identified to distinguish famil-
ial prostate cancer cases from sporadic cases. Therefore,
we have also examined whether reporting of a family
history of prostate cancer varied with the grade of
disease in the cases.

Materials and methods

Subjects

Between 1994 and 1998, a population-based case–
control study of risk factors for prostate cancer was
conducted in Melbourne, Sydney, and Perth, Australia.
Eligible cases were men aged less than 70 years with a
histopathology-confirmed first primary invasive adeno-
carcinoma of the prostate (International Classification
of Diseases 9th revision rubric 185). Men with tumors
that were defined as low-grade tumors i.e. those with
Gleason scores less than 5, were excluded. Cases were
identified from the population-based state cancer regis-
tries of Victoria, New South Wales and Western
Australia and only cases diagnosed between 1 April
1994 and 31 December 1997 who were resident in the
metropolitan areas of Melbourne, Sydney or Perth and
registered on the Electoral Roll were included in the
study. Controls were identified from the Electoral Roll
and were frequency matched by age with the cases.
Registration for voting is compulsory in Australia for all
citizens aged 18 years and over. Potential controls were
matched against the cancer registries at the time of
recruitment to exclude men with a known history of
prostate cancer. A total of 1497 cases and 1434 controls
participated in the study. This represents a response rate
of 65% for cases and 50% for controls. A detailed
description of the eligibility criteria and recruitment
methods has been given in Giles et al. [11].

During the course of the study three controls were
subsequently diagnosed with prostate cancer and were

selected as eligible cases. These three subjects were
included in the analyses as both cases and controls.

Vital status, current age, or age at death if not
still alive, was sought for all first-degree relatives of
cases and controls. Cancer site, age at diagnosis, date
of diagnosis, name and address at the time of diagno-
sis were sought for every first-degree relative reported
to have any cancer other than skin cancer. The
questionnaire seeking information about cancer in
family members was sent to participants in advance of
the interview to enable them to identify all their first-
degree relatives and confirm diagnoses with family
members.

This information was used during the interview to
ensure that pedigree reporting was complete. A positive
family history was defined as prostate cancer reported in
a first-degree relative. Information about relatives and
family history of cancer was obtained from 1475 cases
and 1405 controls.

Verification of reports of a family history of prostate
cancer was attempted for the relatives of probands from
Victoria and New South Wales reported to have been
diagnosed with prostate cancer. Analyses were based on
self-reported family history. For the subset of 300 first-
degree relatives in whom verification of reported diag-
noses was attempted, 163 (54%) of the diagnoses were
verified. There was insufficient information to uniquely
identify 26 (9%) of the relatives while 67 (22%) had an
address at diagnosis outside the catchment area of the
population-based registries and thus could not be
checked. The diagnoses were not confirmed in the
remaining 44 (15%). The verification rate for reports in
men not known to be resident outside the catchment
area of the registries was 70% (163/233) and was
significantly different for case and control relatives (74
versus 59%, p ¼ 0.04).

Men with a family history of prostate cancer fitting
the proposed HPC criteria [7] were defined as having
‘hereditary’ disease. Those with a family history not
fitting the criteria were defined as having ‘familial’
disease and those without a family history of prostate
cancer were defined as ‘non-familial’ cases.

Statistical methods

The increased risk of prostate cancer associated with
various categories of reported family history was esti-
mated by a case–control design with family history as
the exposure, using logistic regression to estimate the
odds ratios (OR) adjusting for age. In this report, the
term proband is used to indicate the case or control
participant. All ORs were adjusted for the reference age,
which for cases was defined as the age at diagnosis with
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prostate cancer while for controls it was the age at which
they were selected for the study. Differences in propor-
tions were assessed using v2 tests, differences in age
distributions were tested using the Wilcoxon rank sum
test and the trends in the OR across age groups and the
number of affected relatives were assessed using the
likelihood ratio test.

Disease grade was categorised as moderate (Gleason
score 5–7) or high grade (Gleason score 8–10).

Polytomous logistic regression models were used to
investigate the association of a family history of prostate
cancer with the grade of disease in cases. Controls were
the baseline comparison group. All analyses were
performed using STATA [12].

For the analyses that excluded diagnoses made in
relatives after 1991, the affected status of relatives was
that which existed at the end of 1991.

Results

The mean reference age for cases and controls was
60.0 years (SD ¼ 5.9) and 60.5 years (SD ¼ 6.1) re-
spectively. Both cases and controls had, on average, 3.5
first-degree male relatives. Only one case reported a son
with prostate cancer.

Prostate cancer was more commonly reported in
fathers than in brothers for both cases and controls
(Table 1). A family history of prostate cancer was more
common in cases than controls; at least one affected
first-degree relative was reported by 235 cases (15.9%)
and 85 controls (6.1%) (p < 0.001). Thirty-three cases
and five controls reported more than one affected first
degree relative.

The mean age at diagnosis for cases reporting at least
one affected first-degree relative was lower than for cases

without affected relatives (59.0 versus 60.8 years, p ¼
0.0001). There was no difference in the age of controls
with or without affected relatives (60.0 years in both
groups, p ¼ 0.8).

Case–control analyses, adjusting for reference age,
showed that the risk of prostate cancer was higher in
men who had at least one affected first-degree relative
(Table 1), and was greater if more than one relative was
affected. When the number of affected first-degree
relatives was fitted as a continuous variable, the OR
increased by 2.7 (95% confidence interval (CI) 2.1.0–3.4)
for each additional affected (data not shown). The risk
associated with an affected brother was greater than for
an affected father but this difference was not nominally
significant (p ¼ 0.2). The OR increased by 3.2 (95% CI
2.1–4.9) for each additional affected brother. The
increased risk associated with having at least one first-
degree relative affected dissipated with advancing refer-
ence age (p ¼ 0.006).

Table 1 also shows separate analyses for diagnoses
made in relatives prior to, and since, 1992. Eighty
percent of the affected fathers were in the earlier period,
while 80% of the affected brothers were in the latter
period. The estimates of familial risk were significant in
both periods (all 95% CIs excluded unity). The point
estimates of increased risk associated with at least one
affected first-degree relative were greater in the latter
period, although the difference was not nominally
significant (p ¼ 0.5). The strength of attenuation of risk
with advancing reference age was weaker in the latter
period, but remained significant in both periods
(p < 0.001). The difference in increased risks between
that associated with an affected brother and that
associated with an affected father was larger in the
latter period, going from a difference in OR of 0.3 (95%
CI �3.4–4.2) to 1.4 (95% CI �2.2–4.9).

Table 1. Family history of prostate cancer according to relatives affected and time of diagnosis

All relatives Relatives diagnosed prior to 1992 Relatives diagnosed after 1991

Cases Controls Odds Ratio

(95% CI)

Cases Controls Odds Ratio

(95% CI)

Cases Controls Odds Ratio

(95% CI)

At least 1 first-degree

relative affected

233 85 3.0 (2.3–3.9) 143 54 2.7 (2.0–3.8) 105 33 3.3 (2.2–4.9)

Reference age of proband

<59 (n = 1229) 132 40 3.4 (2.3–5.0) 79 23 3.3 (2.1–5.4) 61 17 3.4 (2.0–6.0)

60–64 (n = 782) 47 20 3.0 (1.7–5.1) 28 12 2.8 (1.4–5.6) 24 8 3.5 (1.6–8.2)

65–69 (n = 869) 54 25 2.1 (1.2–3.4) 36 19 1.7 (1.0–3.1) 20 8 2.3 (1.0–5.3)

Father affected 163 63 2.9 (2.1–3.9) 131 49 2.8 (2.0–3.9) 32 14 2.5 (1.3–4.8)

Brother affected 93 25 3.9 (2.5–6.1) 19 6 3.1 (1.2–7.9) 74 19 3.9 (2.3–6.5)

>1 first-degree relative

affected

32 5 6.9 (2.7–18) 8 1 6.4 (2.9–21) 10 2 5.1 (1.1–23)

>1 brother affected 11 2 5.6 (1.2–25) 1 0 – 9 2 4.6 (1.0–21)
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Table 2 shows that, among cases, 1110 (82%) had
moderate-grade and 365 (18%) had high-grade tumors.
The increased risks associated with a family history of
prostate cancer were in general lower for men with high-
grade compared with moderate-grade disease, but the
differences were not statistically significant (all p >
0.12). Comparing analyses for relatives diagnosed prior
to 1992 with those since 1992, the risk estimate for an
affected brother based on moderate-grade disease in the
case were greater in the latter period (4.1 versus 2.8), but
the difference was not significant (p ¼ 0.7). The effects
based on high-grade disease were virtually identical in
both time periods. There was no association between
grade of tumor and strength of family history (hered-
itary, familial or non-familial).

Discussion

In general, we found that cases with moderate-or high-
grade prostate cancer diagnosed before the age of
70 years were three times more likely to report a history
of prostate cancer in a first degree relative than were
controls, and the risk was also higher in younger cases
and in men with more than one affected relative. The
risk associated with an affected brother was greater than
for an affected father even though this difference was not
nominally significant. When analyses were based only
on diagnoses in relatives made before 1992, the in-
creased risk for an affected brother was similar to that
for an affected father, and the increased risk associated
with at least one affected first-degree relative decreased
with age at diagnosis of the case.

This study was conducted at a time when the
incidence of prostate cancer approximately doubled as
a result of widespread PSA testing [6, 13], and in relative
terms these increases were greatest in men under the age
of 60 years [6]. A family history of prostate cancer has
been associated with PSA testing in Australia [14], thus
PSA testing could influence the association with family
history, particularly in regard to brothers or younger
relatives. Our evidence with respect to this possibility is
only suggestive. We have attempted to examine an
impact of PSA testing by comparing separate analyses
of cases in relatives diagnosed prior to 1992 with those
diagnosed since 1992. When analyses were based only
on diagnoses in relatives made before 1992, the in-
creased risk for an affected brother was similar to that
for an affected father, and the increased risk associated
with at least one affected first-degree relative decreased
with age at diagnosis of the case. Comparing the ORs
from the earlier with the more recent diagnoses, the
brother but not father effects were greater. The patternT
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of decreasing risk with increasing age of the proband
was weaker but still significant. If younger men with a
family history of prostate cancer are more likely to have
PSA screening tests, this will lead to more reports of
‘prostate cancer’ in families of younger men, both cases
and controls. These reports would pertain more to
brothers than fathers.

The overall response rates for cases and controls were
relatively low but were higher in the younger men and in
men with higher socio-economic status. The higher
participation rate by cases may have been due to a
general interest in research about their disease and
motivated by factors other than a family history of
prostate cancer. Controls would have little to gain
from participation in a study such as this but if those
with a family history of prostate cancer were more
motivated to respond, the estimated strength of the
association would be underestimated. It seems unlikely
that controls with a family history would be less likely to
participate than cases with a family history but if this
were the case, the strength of the association would be
overestimated.

The 70% verification rate of prostate cancer diagnoses
in the subset of relatives for whom this could be
attempted is lower than that found in other studies [15–
17] of reported prostate cancer in relatives. The accuracy
of reports of cancer in first-degree relatives has been
shown to vary between 70 and 90% [17, 18]. A study by
Bratt et al. [17] also assessed false negative reports and
found that some reports of prostatic disease or cancers
other than prostate cancer were in fact prostate cancer.
Interestingly, the number of false negative reports in
that study was greater than the number of false positive
reports. False negative reports could also arise if men
were unaware of prostate cancer in their father who may
have died many years ago, particularly if there was
reluctance to discuss these matters in the family. We
found that verification rates were different for case and
control reports but several other studies [18, 19] have
not found this difference.

Some further checks on the reported diagnoses were
available as the relatives of men who reported a family
history of prostate cancer were invited to participate in a
further study and were asked to complete the same
family cancer questionnaire. Thus information was
collected directly from a number of family members
some of whom were also affected.

The decrease in OR with increasing age of the
proband may be partly explained by greater recall in
younger cases who are likely to be better informed about
prostate cancer in the family and have more living
relatives in whom a diagnosis could be confirmed by the
family members. Despite the fact that this study was

restricted to men aged less than 70 years, only around
10% of fathers were still alive at the time the proband
was interviewed. A higher rate of false negatives, especi-
ally for older relatives, could contribute to the observed
decrease in risk with increasing age of the proband.

One might expect that the analyses of recent diagnoses
only would show a stronger age effect as they were based
predominantly on diagnoses in brothers. The decreasing
trend in risk with age was weaker suggesting that, for
men in this study, a family history of prostate cancer
may have prompted investigations in other family
members regardless of their age.

Despite the increase in incidence in prostate cancer in
recent years, our results are similar to earlier studies
both in the magnitude of the ORs and in the finding that
a family history of prostate cancer was more common in
younger cases [17, 20–22] and increased with increasing
number of affected relatives [22–24].

In previous studies conducted in the 1980s to early
1990s before the time when prostate cancer incidence
was increasing due to widespread PSA testing, the risk
in brothers was found to be greater than the risk in
fathers [15, 21, 22, 24, 25]. Our study is in agreement
with those suggesting that the risks have remained
relatively stable over that time.

Our findings are also in agreement with other studies
that have found no association between a family history
of prostate cancer and the clinical features of the disease
[7, 9, 10, 26, 27]. Several studies have reported that here-
ditary cases tended to be diagnosed at an earlier stage
[27] or have a lower Gleason score [8, 9] and these find-
ings suggest that men with a family history of prostate
cancer might seek treatment or attend to urinary
symptoms earlier than other men.

Our results suggest that PSA testing, while resulting in
an increase in prostate cancer incidence rates and
changing the definition of prostate cancer, has not
substantially affected the risk prostate cancer associated
with a family history of the disease.

The consistency of evidence supporting a link between
family history of prostate cancer and risk of the disease
has driven the search for prostate cancer susceptibility
genes. To date, linkage has been reported at a number of
loci [28] but no single locus has been consistently
confirmed in studies in different populations. ‘Heredi-
tary’ prostate cancer families are likely to remain difficult
to identify as a number of loci may be involved in
prostate cancer susceptibility [28] and prostate cancer
susceptibility may be linked to a number of loci and
different loci may be involved in different populations. It
is however important to determine the magnitude of any
increased risk in these different population groups and to
understand what effects widespread PSA testing might
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have on the definition of prostate cancer and the
association between prostate cancer and family history.
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