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ABSTRACT

Prostate cancer is a large and increasing medical problem both in Sweden and in the rest of 

the developed world, with about 300.000 new cases diagnosed world wide annually. Despite 

the high incidence of this disease, little is known about the aetiology of prostate cancer. The 

aim of this study was to try to understand more about the natural history and to find possible a 

etiological risk factors for this tumour.

In a population based study of prostate cancer cases in northern Sweden it was found that the 

large increase in prostate cancer during the last two decades was mainly caused by well (Gl) 

and moderately (G2) differentiated tumours. However, the incidence of poorly differentiated 

(G3) tumours remained unchanged. The introduction of new diagnostic methods is the most 

plausible explanation for the increase of these low grade tumours.

The relative survival in prostate cancer was found to be independent of patient age at 

diagnosis, indicating that tumour proliferation and the aggressiveness of this disease is equal 

in all ages. However, due to the increasing occurrence of concurrent diseases with growing 

age the number of lost years caused by prostate cancer decreases dramatically in older age 

groups. The overall cause specific mortality for prostate cancer was found to be around 50%. 

In accordance with most other cancer tumours, the annual mortality rate decreased with longer 

survival also for prostate cancer patients.

In a study from the Swedish Twin Register it was found that the proband concordance rates 

for prostate cancer were 4,5 time greater among monozygotic compared to dizygotic twins. In 

a large nation-wide cohort study of men who had a father with prostate cancer, the overall 

standardised incidence ratio (SIR) was 1.70 for prostate cancer. Younger age at diagnosis 

among the fathers were associated with an increased risk among sons. This cohort study and 

the twin study indicates that both inherited and familial factors are of importance in a 

subgroup of prostate cancer patients.

In a prospective case-control study, both a high body mass index (BMI) and a high food intake 

were found to be independent risk factors for prostate cancer. Both BMI and a high food 

intake might be indicators of a high fat diet, which so far is the most consistent exogenous risk 

factor for prostate cancer. The use of tobacco or alcoholic beverages were not associated with 

prostate cancer risk.

Key words: Prostate cancer, Epidemiology, Incidence, Age, Survival, Mortality, Family 

history, Genetic factors, Body Mass Index, Diet.
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PROSTATE CANCER 
Epidemiological studies 

Henrik Grönberg

ABSTRACT
Prostate cancer is a large and increasing medical problem both in Sweden and in the rest of 
the developed world, with about 300.000 new cases diagnosed world wide annually. Despite 
the high incidence of this disease, little is known about the aetiology of prostate cancer. The 
aim of this study was to try to understand more about the natural history and to find possible a 
etiological risk factors for this tumour.

In a population based study of prostate cancer cases in northern Sweden it was found that the 
large increase in prostate cancer during the last two decades was mainly caused by well (Gl) 
and moderately (G2) differentiated tumours. However, the incidence of poorly differentiated 
(G3) tumours remained unchanged. The introduction of new diagnostic methods is the most 
plausible explanation for the increase of these low grade tumours.

The relative survival in prostate cancer was found to be independent of patient age at 
diagnosis, indicating that tumour proliferation and the aggressiveness of this disease is equal 
in all ages. However, due to the increasing occurrence of concurrent diseases with growing 
age the number of lost years caused by prostate cancer decreases dramatically in older age 
groups. The overall cause specific mortality for prostate cancer was found to be around 50%. 
In accordance with most other cancer tumours, the annual mortality rate decreased with longer 
survival also for prostate cancer patients.

In a study from the Swedish Twin Register it was found that the proband concordance rates 
for prostate cancer were 4,5 time greater among monozygotic compared to dizygotic twins. In 
a large nation-wide cohort study of men who had a father with prostate cancer, the overall 
standardised incidence ratio (SIR) was 1.70 for prostate cancer. Younger age at diagnosis 
among the fathers were associated with an increased risk among sons. This cohort study and 
the twin study indicates that both inherited and familial factors are of importance in a 
subgroup of prostate cancer patients.

In a prospective case-control study, both a high body mass index (BMI) and a high food intake 
were found to be independent risk factors for prostate cancer. Both BMI and a high food 
intake might be indicators of a high fat diet, which so far is the most consistent exogenous 
risk factor for prostate cancer. The use of tobacco or alcoholic beverages were not associated 
with prostate cancer risk.

Key words: Prostate cancer, Epidemiology, Incidence, Age, Survival, Mortality, Family 
history, Genetic factors, Body Mass Index, Diet.
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INTRODUCTION

PROSTATE CANCER IN GENERAL

Prostate cancer is a large and increasing medical problem both in Sweden and in the rest of 

the developed world. It is estimated that about 300,000 new cases of prostate cancer are 

diagnosed world wide per year [I]. In the year 1991 in Sweden, prostate cancer was the most 

common male cancer and the leading cause of all male cancer deaths, even surpassing lung 

cancer [2,3]. Despite the high incidence of this disease, surprisingly little is known about the 

aetiology of this cancer.

Incidence

The prostate cancer incidence varies substantially between different populations, with 

generally higher incidence in the developed compared to developing countries. The highest 

age-standardised incidence is recorded among blacks in Atlanta, USA (102/100.000 per year) 

and the lowest rate in Qidong, China (0.8/100.000 per year) [4]. High rates of incidence are 

generally found in Scandinavia, North America and Australia, intermediate rates in Europe 

except Scandinavia and low rates in Asia including Japan. There are also racial differences, 

most obvious between black, white and Asian populations in the US. Direct comparisons 

between incidence rates in different countries must be done with caution as they are 

influenced by many factors, for example the access to medical care. Apart from that, both 

environmental and genetic factors might contribute to both racial and geographical variations. 

Migrant populations which move from low-risk to high-risk regions, gradually acquire the risk 

of the region to which they move [5, 6]. For example, Japanese immigrants in Los Angeles 

soon obtained an almost 4-fold prostate cancer incidence increase compared to Japanese in 

Japan [7]. These studies on migrating populations suggest that environmental factors are of 

great importance in the development of this disease.

In most countries the incidence rates for prostate cancer have increased considerably during 

the last decades [4]. For example, a 72% increase in incidence of prostate cancer was recorded 

in Canada between 1976 and 1987 [8]. In Japan a much slower increase of this rate was 

observed [9]. As an extreme, in the US an increase of age-adjusted incidence of 6.4% per year 

was observed between 1983 and 1989 [10]. In contrast, in one of the low risk areas Shanghai 

China, no increase in incidence was recorded over the last decade [11]. In Sweden incidence
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rates had increased with about 1.2 % per year between 1972 to 1991, a much more moderate 

increase compared to the US [2]. These data are derived from the nation-wide Swedish 

Cancer Register, where all malignant tumours have been reported to since 1958. The quality 

of data obtained from this register was found to be very good [12]. However, tumour grade or 

stage is not available from this register. A total of 5278 new prostate cancer cases were 

reported to the register in 1991, constituting 25,6% of all male cancers recorded in that year. 

Around 3% of all prostate cancer cases were based on autopsy in 1991.

Mortality

In most Western countries, the mortality rates of prostate cancer have increased the last 

decades, however, less dramatically compared to the incidence rates. In a summary of 

mortality trends in Europe, a 24% increase of age-standardised mortality was observed 

between 1960-64 and 1985-89. The increase was more marked above the age of 65 years [13]. 

The 49% rise in mortality for prostate cancer in the Netherlands was best explained by so 

called "birth-cohort effects'1. This effect is best explained by an increase in external risk 

factors [14]. In Sweden all causes of death are recorded in the nation wide Causes of Death 

Register since early 1950's. In 1991, prostate cancer was recorded as the underlying cause of 

death in 2163 men and as a contributory cause of death in 837 men [3].The age-adjusted 

mortality rates have been almost constant during the last 15 years in Sweden. However, the 

coding habits in this register was changed in 1980/81 and thereafter the rates decreased 

slightly. Thus, there might be a slight increase in prostate cancer mortality which was hidden 

by these changes in coding system.

Survival

Survival rates for prostate cancer are often calculated from selected patient materials and are 

therefore not representative of the general prostate cancer population. To be able to calculate 

these overall survival rates, a population based cancer register must be available. The data on 

overall survival in prostate cancer is therefore more sparse compared to incidence and 

mortality data. In a Swedish study of all prostate cancer cases diagnosed 1960-1978, the 

relative survival rates (RSR) were 0.51, 0.34, 0.17 at 5, 10 and 20 years respectively [15]. In 

an analysis from the SEER program in the US, the 5 year RSR increased from 0.68 to 0.76 in 

prostate cancerdiagnosed 1973-77 and 1983-87 [16].
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Both incidence, mortality and survival rates are influenced by different factors that might 

change over time. A wide range of possible modifying factors must be evaluated before 

interpreting trends in these aforementioned rates. Changes in exposure to risk factors, cancer 

registration, diagnostic intensity, introduction of new diagnostic methods and treatment might 

substantially effect these rates.

Age and survival

Prostate cancer is uncommon before the age of 50, and in Sweden during the year 1991 only a 

total of 15 cases of prostate cancer were diagnosed before the age of 50. After this age there is 

a dramatic increase in incidence with 21/100.000 per year at 50 years and about 1000/100.000 

per year for men over 75 years. It is obvious that patient age is a risk factor for developing 

prostate cancer, but whether age per se is a prognostic factor of significance remains 

controversial. The observed survival rate decreases, of course, with increasing patient age due 

to an increasing risk of death from other causes. These circumstances are normally adjusted 

for by using relative survival or cause specific survival [17]. On the other hand, the loss of life 

expectancy in younger age groups with prostate cancer should be more pronounced, since 

deaths from other causes are less common. Some early studies reported that younger patients 

had a lower relative survival than older ones [18, 19]. However, this was not confirmed in a 

large nation-wide study where all prostate cancer reported to the Swedish Cancer Register 

from 1960-1978 were analysed [15]. In that study it was found that age had almost no 

influence on the relative survival. This conclusion has also been reached by others [17,20]. 

However, these studies have mostly been done without stratification for important prognostic 

factors, such as tumour grade or stage.

Symptoms and diagnosis

Most prostate cancer are diagnosed when problems occur with urination. The same symptoms 

are caused by benign prostatic hyperplasia (BPH), and consequently about 5-10% of all 

prostate cancer are discovered at histological examination of specimens obtained after 

transurethral resection (TURP) for presumed benign conditions. About one third of all 

prostate cancer are diagnosed at a time when distant métastasés are already present and pain 

from bone metastasis is a common symptom among these patients.

The first examination used when prostate cancer is suspected is a digital rectal examination. 

For cytological verification fine-needle aspiration biopsy is frequently used in Sweden [21].
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The use of transrectal ultrasound scan (TRUS) to calculate tumour volume and to assist in 

obtaining core biopsies is increasing and is tolerated well by patients [22]. Prostate Specific 

Antigen (PSA) a good serum tumour marker, is used both to detect prostate cancer and to 

follow treatment outcome. PSA is produced only in the prostate gland, but unfortunately BPH 

also causes mild to moderate elevation of PSA. In order to increase the specificity and 

sensitivity, age-specific reference ranges for PSA and PSA-density have been introduced [23].

Latent and accidental tumours

Latent prostate cancer (LPC) is a tumour which did not produce symptoms during the 

patients’ lifetime and is found incidentally on microscopic examination of the prostate at 

autopsy. Comparative autopsy studies on frequency and type of LPC show that in low-risk 

areas, for example Japan, latent cancer foci are almost as common as in high-risk areas [24, 

25]. This was first described in Japanese men in Hawaii and Japan where LPC was found in 

26% and 20% in the two populations [26]. The LPC frequency among men over 70 years is 

reported to be as high as 70-80% [25]. But, in low incidence areas, the foci of LPC are small 

and show a slow proliferating tendency, compared to high incidence areas, were they are 

larger and more aggressive. An interesting observation is the increase of these more 

aggressive LPC in Japan during the last decades, matching the raised numbers of clinical 

detected prostate cancer [27]. LPC is also found in young men, frequencies of 27% for men 

30-39 years and 34% in men 40-49 years were reported in an autopsy study from Detroit,

USA [28]. This high prevalence of LPC will obviously give an increasing number of tumours 

detected in men where this tumour will not contribute to death (accidental prostate cancers), 

especially in populations with high diagnostic intensity and frequent use of PSA or TURP.

Screening

In Sweden a consensus group has come to the conclusion that prostate cancer screening 

should not be started in Sweden. This is in sharp contrast to recommendations in the US, 

where screening is recommended after the age of 50, and even earlier in high-risk populations. 

Randomised screening studies are also being started in other parts of Europe. There are some 

problems connected with screening healthy men to detect prostate cancer in early stages. Due 

to the high prevalence of latent prostate cancer there is a problem in distinguishing between 

harmless tumours and those which are potentially lethal. There is also no randomised trial 

showing that the curative intended treatments available today for localised prostate cancer, are



5

superior to watchful waiting when measuring survival. PSA is a good tumour marker, but 

many false positive tests will occur among men with BPH [29].

Treatment

The treatment of localised prostate cancer is one of the most controversial issues in oncology 

today. The magnitude of the problem is huge, as about 300.000 men get prostate cancer per 

year, and about one third are detected in stages where cure is possible. Different views how to 

treat these patients range from no treatment to radical surgery or full-dose radiotherapy. 

However, most authors agree that only patients with at least 10 years of expected life span left 

should be offered curative intended treatment. In Scandinavia deferred treatment is common, 

particularly in Denmark [30]. This standpoint is based on studies showing that cause-specific 

survival is close to the expected level even after 10-years of follow-up for selected patients 

treated with deferred treatment [31-33]. However, the local progression rates are high, for 

example 69% at 10 years [33], resulting in the need for additional treatment, such as TURP or 

radiotherapy. Deferred treatment is criticised by some American urologists as being 

experimental and they claim that these aforementioned studies were uncontrolled, 

unrandomised and the patients highly selected [34]. As alternatives, radical prostatectomy [35, 

36] or full-dose external radiotherapy [37] are often favoured in the US and Non- 

Scandinavian European counties [38]. In an analysis of data from the American College of 

Surgeons Commission on Cancer, of the patients with localised prostate cancer diagnosed in 

1990 in the US; 29% received no initial treatment, 21% radical prostatectomy and 23% 

external radiotherapy and the rest hormonal or combinations of these treatments [39]. The 

aggressive treatments often offer good local control but it is unclear if they offer better 

survival compared to deferred treatment. Better surgical and radiotherapy techniques, with 

substantially reduced side effects, make early curative treatments more attractive today [40, 

41]. These highly disparate treatments are offered to men with localised prostate cancer 

because of the total lack of randomised studies comparing deferred treatment with surgery or 

radiotherapy. In the view of this, two randomised Swedish studies are currently being 

conducted comparing these different approaches. The natural history and the impact of 

treatment on prostate cancer survival, particular in older age groups, with a high frequency of 

intercurrent deaths, is mostly unknown. Thus, it is difficult to evaluate the outcome of 

different treatments in non randomised trials.
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In tumour stages T3 and T4 a wide range of treatments are possible. Hormonal therapy and 

external radiotherapy is most commonly used in Sweden. Radical prostatectomy is not useful 

in such late stages as the tumour is not confined to the organ. However, the introduction of 

neoadjuvant hormonal treatment (GNRH-antagonists) before radiotherapy or surgery might 

improve the results, as the prostate volume decreases due to this neoadjuvant treatment [42]. 

About 35% of all prostate cancer patients are diagnosed at disseminated tumour stages, N1 or 

Ml, where no cure is possible. The median survival is only 2-3 years among these patients. 

Hormonal therapy, either by orchidectomy or GNRH-agonists, is the treatment of choice. 

Whether total androgen blockade (anti-androgen + orchidectomy or GNRH-agonist) or anti

androgens alone is a better option is still a controversial question. When the tumour becomes 

hormone independent, cytotoxic drugs (estramustinphosphate or farmorubicin) are sometimes 

used. Palliative radiotherapy for painful bone metastasis is also used frequently.
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AETIOLOGIC FACTORS 

Familial and genetic factors

Genetic factors are one possible explanation for the wide variations in prostate cancer 

incidence rates between different populations. Although prostate cancer is not widely 

recognised as a familial cancer, familial clustering of this disease has been shown in some 

studies. This clustering was first observed in 1960 in 228 Utah families where death 

certificates were investigated and a positive family history of prostate cancer was observed in 

6.6% of cases compared with 2.2% in controls [43]. This clustering of prostate cancer in 

families was confirmed in a number of other North American case-control studies with 

different methodology [44-49]. In the largest study, extensive pedigrees were obtained from 

691 prostate cancer cases and 640 spouse controls. A positive family history was observed in 

15% of the cases and 8% in controls giving a relative risk (RR) of 1.9 (1.5-2.4) [47]. A trend 

of increasing risk was also observed with increasing number of affected family members, and 

men with two or three relatives affected had a RR of 4.9 (2.0-12.3) and 10.9 (2.7-43.1) 

respectively. In another recently reported cohort study from Utah, linking the Utah State 

Cancer Register and the Utah Mormon Genealogical Database, a familial relative risk of 2.21 

(2.0-2.4) was reported for prostate cancer [50]. It was also found that lip cancer was the most 

common familial cancer while prostate cancer was ranked ninth, but still higher than both 

breast and colorectal cancer [51].

However, familial aggregations of prostate cancer found in these epidemiological studies 

cannot serve to prove genetic liability, since family members also share environmental factors, 

such as diet, which might also be important in the development of prostate cancer.

Most hereditary cancers shows some common characteristics:

1. Significantly earlier age of cancer onset;

2. Mendelian modes of inheritance, mostly autosomal dominant;

3. Specific patterns of multiple primary cancers giving hereditary “cancer syndromes“;

4. An excess of synchronous and metachronous cancer, and bilateral involvement of

paired organs;

Up to now there are some indications that a subset of prostate cancer truly is hereditary. Two 

studies show that relatives of younger prostate cancer cases have a higher risk of developing
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prostate cancer at an earlier age, compared to relatives of older cases [50, 52]. To assess 

whether Mendelian inheritance patterns can explain prostate cancer clustering a segregation 

analysis was performed on the 691 nuclear families obtained from a proband with prostate 

cancer [53]. Segregation analysis is a statistical method used to detect Mendelian segregation 

at a locus in the genome and to determine the specific mode of inheritance. The segregation 

analysis showed that prostate cancer aggregation can be explained by Mendelian inheritance 

of a rare (population frequency = 0.36%) autosomal gene causing prostate cancer at an early 

age. The cumulative risk of clinical prostate cancer showed that the allele was highly 

penetrant. At the age of eighty-five, 88% of the carriers compared to only 5% of non carriers 

were calculated to have developed prostate cancer. It was estimated that this inherited prostate 

cancer represents 9% of the total prostate cancer incidence before the age of 85. However, the 

691 prostate cancer probands were white men, with a mean age of 63 years and who had 

undergone radical prostatectomy, and thus do not correspond to the general population of 

prostate cancer patients.

A few reports suggest that prostate cancer is associated with other malignant diseases. In an 

Icelandic cohort study members of 947 breast cancer families was linked to the Icelandic 

Cancer Register. A total of 467 prostate cancer were identified in these families and a 

significantly increased risk of prostate cancer was seen for all male relatives, a RR of 1.5 (1.1- 

1.9) was observed [54]. Eleven of these families, selected for breast cancer segregation, were 

analysed for chromosome 17ql2-q23 (BRCA1) linkage. In these families, prostate cancer was 

the most frequent malignancy after breast cancer. Of the paternal BRCA1 carriers 44% 

developed prostate cancer, which indicates that this breast cancer gene may predispose to 

prostate cancer in male carriers [55]. In 88 families with a proband affected with male breast 

cancer and 144 families with a proband with bilateral female breast cancer, a family history of 

prostate cancer increased the breast cancer risk among women significantly, with a RR of 5.9 

and 4.0 respectively [56, 57]. In a case-control study among relatives of patients with multiple 

myeloma in northern Sweden an increased occurrence of prostate cancer in male relatives was 

observed [58]. Prostate cancer was also described in Lynch II families, who usually have an 

excess of colon cancer and carcinoma of the endometrium [59]. A co-aggregation, RR=2.7 

(p<0.05), between prostate cancer and tumours in brain/CNS among sisters, but not brothers, 

to prostate cancer proband was observed in the extensive analysis of the Utah Mormon 

Genealogical Database [60]. In a follow-up study using the same registers, associations with 

some cancers were observed; colon cancer, breast cancer, rectal cancer, brain tumours, thyroid
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cancer and Non-Hodgkin lymphoma. An excess of brain tumours in families with hereditary 

prostate cancer was seen in 3.7%, compared to only 0.4% in families with sporadic prostate 

cancer in a study from Johns Hopkins [52].

So far no linkage of a specific gene to hereditary prostate cancer has been shown, in contrast 

to breast cancer (BRCA1 and BRCA2) [61] or colorectal carcinoma (MSH2 and MLH1) [62]. 

However, in sporadic prostate cancer some chromosomal changes are found, both by 

cytogenetic and molecular genetic methods. Both techniques might reveal tumour suppressor 

genes that could be involved in hereditary prostate cancer. In 15 primary prostate cancer out of 

57 clonal karotypic abnormalities was shown. Loss of chromosomal material in 7q, 8p and 

lOq were the most common [63]. Allelic loss in chromosomes 8p, lOq and 16q were the most 

frequent when analysing 18 prostate cancer tumours (both primary and métastasés), with 

restriction fragment length polymorphism (RFLP) [64]. Chromosomes 16q and lOq showed 

allelic losses in 30% of patients in a study of 28 primary prostate cancer [65].

Dietary factors

Dietary habits are probably another important factor that contributes to the geographic 

variations in prostate cancer rates. This is indicated by several studies, where prostate cancer 

rates increase substantially in populations moving from a low incidence to a high incidence 

region, e.g. from Japan to the US [5].

Dietary Fat

Most epidemiological studies show a positive association between prostate cancer and dietary 

fat, and no study has shown a negative association. In two studies of mortality from different 

cancers, a correlation was shown between prostate cancer and the total fat consumption 

[66,67]. The same pattern was found for colon, breast and endometrial cancer. In a recent 

cohort study using data from the Health Professionals Follow-up Study with 51,529 US men, 

total fat consumption was directly related to risk of advanced prostate cancer with a RR= 1.79 

(1.04-3.07). The strongest association was found for high consumers of red meat, RR=2.64 

(1.21-5.77) [68]. In a cross ethnic Hawaiian cohort study of 4657 men, a significant positive 

association was found with saturated and animal fat [69]. However, other cohort studies have 

failed to show this relationship [70-72]. The Japanese study revealed an inverse correlation 

with daily intake of green and yellow vegetables. The results from case-control studies are 

more consistent. Among men 70 years or older, but not among younger men, the mean weekly
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consumption of saturated fat was greater for prostate cancer cases than for controls in a study 

of 452 men with prostate cancer in Hawaii [73]. Another study from Utah showed significant 

associations for older males with aggressive tumours, with an OR=2.9 (1.0-8.4) for total fat 

[74]. Other studies from different regions show an association with either fat or dairy products 

[75-78]. However, a study of 100 Japanese men with prostate cancer showed no association 

with fat or dairy consumption [79].

Vitamin A and Carotene's

Vitamin A is essential for normal differentiation of epithelial cells, reproduction and 

physiologic growth. Vitamin A deficiency has been related to the development of some 

tumours in experimental models. A protective effect of high intake of both Vitamin A and 

beta-carotene was observed with a RR=2.82 (1.30-6.14) for those prostate cancer cases who 

had the lowest intake of Vitamin A [79]. A protective effect was also shown in two other 

studies [77, 80]. The opposite results was found in several other studies [73, 74, 81]. In a 

study of serum nutrients a negative association with serum retinol OR=0.26 for the lowest 

quartile was recorded for the development of prostate cancer [82].

Alcohol

Alcohol influences the serum levels and metabolism of sex hormones, e.g. testosterone. Thus, 

alcohol is a possible modulator of prostate cancer risk. However, no study so far has linked 

use of alcoholic beverages to prostate cancer risk. No association was observed in a large 

case-control study from the Netherlands between drinking habits and the risk of prostate 

cancer OR=1.36 (0.84-2.22) [83]. Alcohol consumption was not associated with prostate 

cancer risk in a cohort study of 42,432 men in northern California [84].These observations are 

confirmed in several other studies [85, 86].

Overweight

Several studies with different methodologies have investigated whether or not obesity or Body 

Mass Index (BMI) is correlated with prostate cancer risk. The results are conflicting. A 

positive relationship between prostate cancer and overweight is reported in 5 studies. In a 

north Italian case-control study of 166 prostate cancer patients and 202 hospital controls an 

OR of 3.89 (1.70-8.99) was reported among men with BMI >28 kg/m2 [76]. A large Canadian 

case-control study found a positive relationship with the Ponderai index (cm/kg3) [87]. In a 

cohort study of 6763 Adventist men in the US, overweight men had a RR=2.4 (1.3-4.5) of
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fatal prostate cancer compared with men near normal weight [88]. This latter finding was not 

however confirmed in a follow-up study [71]. In a recent Danish cohort study of obese people 

an increased incidence of prostate cancer was found with a RR of 1.3 ( 1.1 -1.6), with a 

decreasing risk with increasing age [89]. In a large prospective cohort study from Hawaii, a 

RR=1.5 (1.1-2.1) was recorded for men weighing over 70 kg [90]. Other studies report no 

association between prostate cancer and overweight [73, 91, 92].

Smoking

Tobacco use is strongly associated with and causative in some tumours, for example lung and 

bladder cancer. Whether or not smoking is linked with prostate cancer risk was studied in 

several reports, but only 4 out of over 20 shows a significant relationship [84]. In a case- 

control study of 221 men with prostate cancer, cigarette smoking was associated with an 

increased risk, RR=1.9 (1.2-3.0) [93]. In a cohort of US veterans cigarette smokers had a 

significantly increased risk of developing prostate cancer, RR=1.18 (1.09-1.28) with a dose 

response relationship giving RR=1.51 (1.20-1.90) for those who smoked more than 40 

cigarettes/day [94]. In the Lutheran Brotherhood cohort a RR=1.8 (1.1-2.9) for smokers and a 

RR=2.1 (1.1-4.1) for users of smokeless tobacco was recorded [70]. All other studies show no 

association with smoking [71, 83, 95-98].

Occupation

An extensive review of occupational factors and prostate cancer risk was carried out by 

Bosland [99]. Farmers show an increased risk in several surveys [100-102], but the 

associations are weak. In a case-control study in New Zealand the only occupations with 

elevated risks were teachers OR=2.44 (1.05-5.70) and sales and service workers OR=1.29 

(0.99-1.69) but no association was found for agriculture workers [103]. Cadmium exposure 

was linked with an elevated prostate cancer risk with a RR=1.7 (1.0-3.1) in one report [104]. 

Prostate cancer risk was increased among United Kingdom Atomic Energy Authority workers 

who were occupationally exposed to tritium, 51Cr, 59Fe, 60Co, or 65Zn [105].

Socio-economic factors

Prostate cancer incidence differs substantially between whites and blacks in the US and 

differences in socio-economic status (SES) might be an explanation. However, by using 

incidence data from the National Cancer Institute's Surveillance, Epidemiology and End 

Results (SEER) Program no relationship between SES and prostate cancer incidence was
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noticed between whites and blacks [106]. In a large US case-control study, college education, 

professional occupation, and non-Jewish ethnicity were weakly associated with the risk of 

prostate cancer [86]. However, most studies show no or a weak relationship between SES and 

prostate cancer [71, 72, 76, 87, 107]. Furthermore, the results are often inclusive and 

sometime difficult to interpret [108].

Hormonal and sexual factors

Normal growth and function of the prostate is regulated by androgen stimulation. How 

androgens affects the development of prostate cancer is still unknown. It has been reported 

that eunuchs rarely develop prostate cancer. Results from studies on sex hormone levels in 

prostate cancer patients compared to controls have been equivocal, both elevated, unchanged 

and decreased levels are reported [109-111]. In a study of young college students, the mean 

testosterone levels in blacks were 19% higher than in whites, also ffee-testosterone levels 

were 21% higher. These differences might to some extent explain racial differences in 

prostate cancer risk between blacks and white in the US [112]. Young adult Japanese men had 

significantly lower 5-alpha reductase activity compared to American men, which might be one 

clue to the low prostate cancer incidence in Japan [113]. Dietary habits also affects hormone 

levels. For example, the urine steroids decreased significantly in Black North American men 

on a vegetarian diet and increased in Black South African men eating a Western diet [114]. In 

a study of twins it was also observed that genetic factors might influence the production rate 

of androgens [109]. Physical activity may also decrease testosterone levels and in a study of 

college students reduced risk for prostate cancer was recorded among physical active men 

[115].

Sexual activity is believed to be an indicator of hormone status, and the influence of sexual 

factors on prostate cancer risk has been thoroughly investigated. However, conflicting results 

are reported, both greater and lower sexual drive is reported among prostate cancer cases [44, 

46, 93,116,117]. A history of venereal diseases is also reported as a possible risk factor [44, 

46]. Catholic priests, who are supposed to live as celibates, develop prostate cancer as 

frequently as the population in general [118].
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Association with other medical conditions

Few studies on the association between prostate cancer and non malignant diseases is 

reported. In one report, a history of diabetes was inversely associated with prostate cancer. 

Diabetic men have been shown to have lower androgen levels, which might to some extent 

explain the results [119].

Benign Prostate Hyperplasia (BPH): BPH normally arises from the inner parts of the prostate, 

while cancer is often located in the peripheral zones of the gland. Still, in an early report, men 

with BPH had an increased RR=3.7, for developing prostate cancer [120]. However, recent 

large studies have not confirmed this finding [121]. In a Swedish study of 198 men with BPH 

who had undergone TURP, no evidence was found that BPH increased the risk of prostate 

cancer [122].

Vasectomy: Vasectomy is a common surgical operation in the US and Europe. In three large 

cohorts studies among American men, vasectomy was associated with an increased risk of 

prostate cancer. The risk was also increased with longer follow-up [123-125]. Case-control 

studies of limited sizes support this observation, but other studies have failed to show this 

association [126]. The biological mechanism whereby vasectomy influences prostate cancer 

risk is proposed to be related to a diminished secretory rate of prostatic fluid or by an immune 

response to sperm antigen.
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AIMS OF THE STUDIES

Prostate cancer is a large and increasing medical problem. Many men in late stages of prostate 

cancer suffer due to dissemination of the disease. Unfortunately new treatments of prostate 

cancer have not significantly decreased the mortality. By understanding more about the 

natural history and identifying aetiologic risk factors, it might be possible to select patients for 

aggressive treatment or to identify high risk groups of men where preventive interventions 

may be of value.

The specific aims of this thesis are summarised as follows:

* To find explanations for the diverging trends in incidence and mortality of prostate cancer 

in Sweden (I).

* To investigate if patient age per se is a prognostic factor and to estimate the absolute 

impact on survival of prostate cancer in different ages (II).

* To estimate prostate cancer mortality.

* To investigate if familial and hereditary factors are of importance in prostate cancer 

(HI, IV).

* To identify and/or confirm aetiologic risk factors for the development of prostate cancer 

(V).
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MATERIAL AND METHODS

INCIDENCE, SURVIVAL AND MORTALITY OF PROSTATE CANCER 

(Papers I and II) 

Cases

All males living in the four most northern counties of Sweden between 1971-1987 were 

included in the study base. This region encompasses a population of about 900,000 

inhabitants. The cases selected in paper I were males with a diagnosis of prostate cancer 

(ICD7= 177) during three 2-year periods 1974-1975,1980-1981 and 1986-1987, and reported 

to the Regional Cancer Register for northern Sweden. A total of 2,618 prostate cancers was 

reported during these time periods, with 685, 852 and 1081 cases respectively. In paper II, all 

6,890 cases of prostate cancer reported to the Regional Cancer Register during 1971-1987 

were included. Annually the number of new cases increased steadily from 316 in 1971 to 557 

in 1987.

Determination of tumour grade

The tumour grades for all cases were derived from the filed notification forms stored in the 

Regional Cancer Register. In 20% of the cases the tumour grade was not stated on the form. In 

these cases the original cytological or pathological reports were requested from the diagnosing 

laboratories. The cases were divided into four groups according to tumour grade: well 

differentiated (Gl), moderately differentiated (G2), poorly differentiated (G3), and a group 

with unknown morphology (GX). In 300 cases it was impossible from the original reports to 

classify the cases as belonging to one of the three mentioned subgroups (paper I). Most of 

these cases were borderline cases between the subgroups, e g between well and moderately 

differentiated tumours, or between moderately and poorly differentiated tumours. In these 

300 cases with grade GX primarily the original cytological or histological material was 

reviewed (by Tord Ångström and Anders Bergh, respectively). After review these cases were 

classified: 43 as well differentiated, 106 as moderately differentiated, 62 as poorly 

differentiated while in 13 cases no cancer was found. In 76 cases no material was available for 

review, and consequently classified as cases with an unknown grade (GX). A morphological 

review was performed in a randomly selected sample (140 cases) constituting 5 % of the total
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material. The aim of this review was to elucidate the consistency of the diagnostics in the total 

material. Tumour grading review was made without knowledge of the original morphology. 

The concordance rates are shown in Table 7. In 24 of these 140 cases no review could be 

carried out because the original specimens were not available.

Table 1. Concordance rates from the "blind” review of the 140 randomly selected cases with 
prostate cancer in paper I. The number of diagnoses on review in accordance with the number 
of original diagnoses are given in brackets.

Grade 1974/75 1980/81 1986/87 Total

Gl 0.77 (10/13) 1.00 (4/4) 0.86 (18/21) 0.84 (32/38)

G2 0.78 (7/9) 0.73 (16/22) 0.64 (16/25) 0.70 (39/56)

G3 0.67 (6/9) 0.50 (3/6) 0.86 (6/7) 0.68 (15/22)

Total 0.74 (23/31) 0.72 (23/32) 0.75 (40/53) 0.74 (86/116)

The same procedure to determine tumour grade was used in paper II, except that no original 

pathological or cytological material was reviewed for cases with GX tumours. Thus, in this 

paper there was greater part with unknown grade (GX) compared to paper I.

Incidence and mortality rates

The incidence rates were derived from the Regional Cancer Register and the mortality data 

from the Causes of Death Register. The coding habits in the Causes of Death Register 

changed in 1980/81 and the mortality rates decreased slightly for the coming years because of 

these changes [127]. Previously cases reported on the death certificates with cancer as 

underlying or contributory cause of death were often coded as death with cancer as underlying 

cause of death according to the principle "cancer takes over other diseases as cause of death". 

From 1980/81 the coding has been made according to the recommendations by WHO which 

means that prostate cancer more often has been coded as "contributory cause of death" with a 

corresponding reduction of cases coded as dead with prostate cancer as "underlying cause of
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death". Both incidence and mortality rates were age adjusted by the direct method, using the 

1970 Swedish census population as reference.

Survival analysis and determination of loss of life expectancy

Observed survival rate was calculated from the data concerning time for diagnosis and death 

in the Cancer Register. The national standard population was used when calculating the 

expected survival rate. The Relative Survival Rate (RSR) was then determined according to 

Hakulinen [128,129]. The RSR is the ratio between the observed and expected survival rates. 

The RSR estimates the chance of surviving from the studied disease. When adjusting RSR for 

tumour grade, the grade distribution in 1974-75 was used as a reference (paper I). Cases 

diagnosed only at autopsy were excluded from survival analysis. The closing date for follow- 

up was 1 February, 1991 (paper I) and 30 September 1992 (paper II). The number of years lost 

due to prostate cancer was determined according to the method of Hakulinen [128,129].

Mortality analysis

In order to estimate the mortality of prostate cancer, an additional analysis of the material used 

in paper II was performed by two independent methods:

1. Excess mortality

The method of excess mortality is principally the difference between the observed and the 

expected mortality in the studied population [130]. The closing date of follow-up was 31 

December, 1994 in this analysis. A total of 89.2% of the cases were followed until death. The 

excess mortality due to prostate cancer was calculated as follows:

D = The cumulative excess number of deaths due to prostate cancer 
D/ = The total number of cases dead in year i 
L/ = The number of cases at risk during year i 
M *  = Expected mortality during year i

The expected mortality were Mz* derived from the analyses performed by the relative survival 

package of Hakulinen.
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2. From the Causes o f Death Register

Until 92-12-31 data from the Causes of Death Register were added to the Regional Cancer 

Register. Prostate cancer as “underlying cause of death“ was considered as an event both 

when calculating cause-specific survival rate and prostate cancer mortality. The cause-specific 

survival using data from the Causes of Death Register was calculated as a comparison to the 

analysis of relative survival in the same material. The cause-specific survival rate was 

calculated by the actuarial method (SPSS Software Package, Chicago, 111.).

PROSTATE CANCER AMONG TWINS IN THE SWEDISH TWIN REGISTER 

(Paper III) 

Cases

The Swedish Twin Register contain 12,889 same-sexed twin pairs bom between 1886 and 

1925 and includes those twin pairs in which both twins were still alive in Sweden during the 

years of compilation (1959 to 1961) and could be located (Figure 1). Among the twin pairs 

that fulfilled these criteria about 95% were included in the register [131]. Paper III comprises 

all male twin pairs who answered the questionnaire on zygosity, which was a total of 4840 

pairs. The classification of zygosity in the register was collected by means of questions on 

childhood resemblance. Statements from both members of the same twin pair that as children 

they were ”as alike as two peas in a pod" classified them as monozygotic. If both answered 

that there was "only a family likeness”, they were regarded as dizygotic. In 4% the twins in a 

pair did not agree and, thus , the zygosity was unknown. In a sample of 200 pairs a correct 

determination was obtained in 99% of the monozygotic twins (MZ) and in 92% of the 

dizygotic twins (DZ) when answers from the aforementioned questions were compared with 

serological classification [132]. The zygosity classification of the twin registry was found to 

be satisfactory and therefore used.

Information concerning cancer diagnoses between 1959 and 1989 has been obtained from the 

Swedish Cancer Register. All information concerning malignant tumours of the prostate 

(ICD7=177) reported during this period was used in the present study. Date of death was 

obtained through record linkage with the nation-wide Causes of Death Register. Information 

from these two registries was added to the information from the twin register.
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Figure 1. Selection procedure of the studied cohort of twins derived from the Swedish Twin

Register (Paper III).
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Method of twin analysis

The twin analysis was performed using the method proposed by Smith [133, 134]. The same 

criteria for diagnosis were used for the population frequencies and for twin probands. The 

proband concordant rate (Pr), the correlation of liability (r) and its standard error were 

calculated for MZ and DZ twins. For a multifactorial disease, it can be assumed that each 

individual has a specific probability of being affected, which is normally distributed in the 

population, and that the disease manifests when the probability or liability exceeds the 

threshold level. The correlation of liability to the disease (r) may be estimated by comparing 

family rates with general population rates (incidence). The interpretation of the r-value 

depends on the type of relatives studied. For monozygotic twins the r-value reflects the 

expression of shared genes and similar environment. For dizygotic twins the r-value reflects 

the similarity due to a shared environment and that half of the genes occur in common [135].

The number of expected cancer cases in the twin cohort was calculated from observed person- 

years at risk and the incidence rates from the nation wide Cancer Registry between 1959 and

1989. The expected number of prostate cancers was 469, giving a population frequency of 

5.1%. This expected population frequency is used when calculating the correlation of liability 

[135].

COHORT STUDY OF FAMILIAL PROSTATE CANCER (Paper IV)

Selection procedure of study cohort

The selection procedure is summarised in Figure 2. Between 1959 and 1963, 8,515 men with 

prostate cancer were reported to the nation-wide Swedish Cancer Register. In 2,768 of these 

cases (32.5%), histologic or cytologic verification was not obtained. These 2,768 diagnoses 

were based only on clinical observations or X-ray examination and therefore we excluded 

them due to uncertainty in diagnosis. The remaining 5,747 men (hence referred to as fathers), 

constitute the study base. In the local parish offices throughout Sweden, information 

concerning the nuclear family is recorded and stored. The number of children and the personal 

identification code of the children of the 5,747 fathers were obtained from the parish offices. 

Due to inability in locating some of the fathers or that no answer at all was received from the 

parish office, another 345 fathers (6,0%) were excluded.
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Figure 2. Selection procedure of the cohort study of familial prostate cancer (Paper IV).
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A total of 11,635 children, 6,005 sons and 5,630 daughters, were identified to the 5,402 

remaining fathers. However, for 402 sons the complete personal identification code (10 digits) 

was not obtained from the parish offices and these sons were excluded due to an inability in 

linkage to identification code based registers. Linkages were made between the Swedish 

Causes of Death Register and the National Population Register (containing current residence) 

to find out whether or not the remaining sons were still alive and currently living in Sweden. 

Hereby, an additional 107 sons were excluded as they were not identified in either of these 

two registries. These 107 sons probably died before 1952 or emigrated from Sweden before

1990. The remaining 5,496 sons constitute the study cohort, that was linked to the nation-wide 

Swedish Cancer Register to identify the sons with prostate cancer.

Statistical methods

The person-years were calculated from January 1,1958 to the date of death or December 31 

1990 using the program PYRS [136]. The number of prostate cancer cases (ICD-7 code 177) 

observed was obtained from the Swedish Cancer Register for the period 1958 to 1990. The 

expected number of cases were calculated by multiplying the prostate specific incidence rate 

for Sweden by calendar- and age-specific person-years. Nation-based incidence rates for the 

period 1958 to 1990 were obtained from the Swedish Cancer Register and used in the 

calculations since the sons in the cohort were residents in all areas of the nation. Standardised 

incidence ratio (SIR) was defined as the ratio between observed and expected number of 

cases. Exact confidence limits of SIR estimates were calculated using the formula suggested 

by Byar [137]. To test whether or not the observed number of cases was significantly different 

from the number expected an exact p value (one-sided) was calculated using tail probabilities 

of the Poisson distribution. Test for trend (linear) was performed assuming asymptotic 

normality of maximum likelihood estimate in a Poisson regression model (EGRET package, 

Statistics and Epidemiology Corporation, Seattle, Washington).
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CASE-CONTROL STUDY WITH DATA FROM THE SWEDISH TWIN REGISTER 

(Paper V) 

Selection of cases and controls

In 1967 a questionnaire was mailed to all complete same-sex twin pairs bom 1886-1925, who 

were alive at that time and included in a population-based register of Swedish twins 

[131, 132]. A total of 9,152 males received a postal questionnaire containing questions 

concerning eating habits, tobacco and alcohol consumption, length, weight, number of 

children, marital status and occupation. A reminder, containing the same questions as in 1967 

(apart from those on diet), was mailed in 1970 to those individuals who did not respond, or 

only partially responded , to the 1967 questionnaire. Information concerning prostate cancer 

diagnoses between 1959 and 1989 was obtained from the Swedish Cancer Register, and used 

in this study.

In the initial cohort of 9152 males who received the 1967 questionnaire, 427 males were 

diagnosed with prostate cancer between 1959 to 1989 (Figure 3). When selecting cases and 

controls from the initial cohort, no case or control was accepted i f  they were the twin brother 

o f another case or control By doing this, both cases and controls were unrelated to each 

other and could therefore be considered as coming from a representative population o f men 

living in Sweden 1967. 21 twin pairs were concordant for prostate cancer and from each of 

these pairs one male was randomly eliminated, leaving 406 unrelated cases with prostate 

cancer. The mean age among prostate cancer cases at diagnosis was 72.6 years with a range 

47-91 years, corresponding well to the mean age for prostate cancer in Sweden. For each case 

three age-matched controls were randomly selected from the 8,725 males without prostate 

cancer, giving 1,218 unrelated controls.

In 1967 when the questionnaire was completed the men studied were between the ages of 42 

to 82 years and only 19 cases (4.7%) had their prostate cancer diagnosed prior to this date. 

The vast majority of the cases (95.3%) completed the questionnaires before diagnosis, and 

these data are therefore to be considered as being collected prospectively. This ensures that 

most cases and controls answered the questions independently of the studied disease, prostate 

cancer. Consequently "recall bias" is not a problem in this study.
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Figure 3. Selection procedure of the case-control study based on the Swedish Twin Register

(Paper V).
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Assessment of exposure

Information from both the 1967 and 1970 questionnaires was used in this study. The reply 

frequency was about 75% for the dietary questions and about 90% for the questions 

concerning length, weight, alcohol and tobacco. The total of food consumption was estimated 

from answers to the following question: "In your opinion, do you eat more or less than people 

in general?” using the categories "less”, "as much”, "some more" and "much more". The 

people studied also related their intake of several food items to the total amount of food 

consumed, using the categories "great part", "medium part", "small or no part". The following 

food items were studied: pork (chops, ham, bacon etc.), sausage+chopped meat and other 

meat products, beef and similar meat, flour-based foods (porridge, pancakes, spaghetti, 

macaroni), eggs and egg dishes, fish and seafood, potatoes, fruit and vegetables. The 

consumption of milk and coffee was categorised as the number of normally sized glasses or 

cups drunk per day. Body mass index (BMI) was calculated by dividing weight (kg) by the 

square of length (m2).

Those who had "never smoked more then 5-10 packets of cigarettes or 50-75 cigars or 3-5 

packets of pipe tobacco through out their whole life" were classified as non-smokers. Ex

smokers were those who had used tobacco earlier but did not still smoke. Tobacco use was 

divided into cigarettes, cigarillos, cigars and packets of pipe tobacco. Total tobacco 

consumption was calculated using the transformation into cigarettes/day as follows: 1 cigarillo 

= 3 cigarettes, 1 cigar = 3 cigarettes and 1 packet of pipe tobacco/week = 7 cigarettes/day. 

Users of alcohol were those who at any time during the past year had consumed beer, wine or 

other alcoholic beverages. Former users of alcohol was defined as those who had consumed 

alcoholic beverages earlier in their lives but not during the last year. Alcohol use was divided 

into the consumption of beer, wine and spirits.
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Statistical methods

Analyses of data concerning specific food items, BMI, smoking habits and alcohol 

consumption were performed as the odds ratios, confidence limits, and test for trends 

stratified for age [137]. Association between total food consumption, body mass index and the 

risk of prostate cancer was described with maximum-likelihood estimates of the odds ratios 

and the 95 percent confidence intervals based on the multiple logistic regression model [137]. 

The indicator variables total food consumption, body mass index, potato consumption and age 

were included in the model as categories. Confidence intervals were based on the standard 

error of the coefficients and normal approximation.
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RESULTS AND COMMENTS

TRENDS IN INCIDENCE, SURVIVAL AND MORTALITY IN RELATION TO 

TUMOUR GRADE (Paper I)

In order to find an explanation to the large increase in prostate cancer incidence in 

northern Sweden during the last two decades, the numbers of prostate cancer of different 

tumour grades were studied during this time period. An 37% increase in age adjusted 

prostate cancer incidence was recorded in our region between 1970 and 1992, while the 

age adjusted mortality remained almost constant. These trends correspond well to the 

national rates of Sweden (Figure 4).
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Figure 4. Age standardised incidence and mortality rates of prostate cancer in Sweden 
(------- ) and in northern Sweden (--------) between 1970 and 1992.
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The number of Gl and G2 tumours increased by 74% and 130% respectively from 

1974-75 to 1986-87, while the number of G3 tumours decreased slightly. The age- 

adjusted incidence rates in different grades showed the same pattern as described above 

(Figure 5).
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Figure 5. Age standardised incidence rates in different tumour grades among prostate 
cancerpatients diagnosed in 1974/75,1980/81 and 1986/87 in northern Sweden.

The shift into more low grade and low stage tumour was also seen in a large study in the 

US, where Stage A+B increased from 57% to 67% while Stage C+D decreased from 

43% to 33% of all tumours diagnosed between 1974 and 1990. A shift in mean Gleason 

grading was also observed from 7 to 5 [39]. The overall relative survival rate (RSR) 

improved significantly during the studied period (p=0.005, Figure 3 in paper I). An 

improvement of RSR during the last 30 years was also recorded in a recent analysis of 

cancer survival in Sweden between 1961 and 1991 [138]. However, when we analysed 

RSR for each grade separately no significant improvement was observed, except for the 

Gl tumours, where some improvement of RSR was observed between 1980-81 and 

1986-87 (p=0.001). Thus, after adjustment for tumour grade the improvement in relative 

survival decreased substantially (Table 2).
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Table 2. Five year relative survival rates in different tumour grades and in all grades together 
among prostate cancer patients diagnosed in 1974/75, 1980/81 and 1986/87 in northern 
Sweden. The relative survival rates in the last column are adjusted for the change in tumour 
grade.

Year Gl G2 G3 All grades All grades 
(adjusted)

1974/75 0.80 0.67 0.35 0.61 0.61

1980/81 0.82 0.65 0.35 0.65 0.61

1986/87 0.89 0.69 0.40 0.70 0.65

One important confounding factor to consider is that systematic changes took place over time 

in the morphological interpretations of the specimens, favouring a diagnosis of Gl and 

particularly G2 tumours over G3 lesions. The problem with both interobserver and 

intraobserver variation in grading of prostate cancer is wellknown among pathologists [139]. 

If the grade in the same tumour also changes with time which is suggested by some authors 

[140], this might also affect the results. In the review made of a sample of 5% of all cases 

there was an overall concordance rate of 74% between the reviewed and the original 

morphology in the total material (Table 1). However, no systematic change was observed as 

the concordance rates were almost the same in the three time periods studied. So, it is unlikely 

that a change in grading criteria alone can explain the different trends in the incidence of 

tumours with different grade.
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PATIENT AGE AS A PROGNOSTIC FACTOR (Paper II)

In order to study if patient age per se is a prognostic factor in prostate cancer, survival of all 

incident cases of prostate cancer in northern Sweden between 1971-1987 was calculated 

according to patient age at diagnosis. Classification of tumour grade was possible in 5475 of 

the 6514 cases (84%), with 1724 (26.4%) having well (Gl), 2601 (40.0%) moderately (G2) 

and 1150 (17.7%) poorly (G3) differentiated tumours. In 1,039 cases (16.0%) classification of 

the tumours into these 3 grades was not possible. Of these 1,039 cases, 178 (2.7%) were cases 

in which the diagnosis was based on clinical records only, 637 (9.8%) in which the tumour 

grade was not stated clearly and 187 (2.9%) in which the original pathological/cytological 

report was missing. The cases in the group with an unknown histology (GX) were equally 

distributed among the age classes and the relative survival rate (RSR) of GX tumours was 

similar to the total material. The distribution of the tumour grades in the different age classes 

was almost even. The only exception was in patients 45 to 54 years old in whom the G3 

tumours were more common and Gl tumours less frequent. This over representation of G3 

tumours in younger men may be a result of the fact that younger men more seldom undergo 

routine medical examinations of the prostate whereby indolent, low grade tumours might 

accidentally be found.

Tumour grade was a relevant prognostic factor (Figure 1, in paper II). Between 10 and 15 

years after diagnosis the RSR still decreases, mostly in G2 tumours. When RSR was analysed 

with regard to patient age, it was found to be almost equal among all age classes (Figure 6). 

However, in the youngest age group (45 to 54 years) a non significant lower RSR was found 

between 4-10 years of follow-up. This similarity in RSR between different ages also remained 

when analysing each tumour grade separately (Figures 2B-D, in paper II). When adjusting for 

differences in the distribution of tumour grade, the RSR at 10 years was 0.39, 0.39, 0.40 and 

0.46 from the youngest to the oldest age class.

The results of the present study correspond well with reports on survival in prostate cancer 

using the Swedish Cancer Register [15, 138]. Earlier contradictory results are probably 

explained by relatively small and selected patient materials and that no stratification for 

important prognostic factors were made [18-20, 141]. Thus, this data does not support the 

opinion that prostate cancer appearing in younger ages is more aggressive per se. Our finding
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is also supported by a study of 151 males with prostate cancer younger than 50 years at 

diagnosis, showing similar symptomatology, grade and stage as older cases [142].

O 75-84 years 
□ 65-74 years 
a 55-64 years 
o 45-54 years

Years

Figure 6. Relative survival rates in prostate cancer up to 14 years after diagnosis divided into 
4 different age classes.

The 10-year RSR among patients with Gl tumours in our study is significantly lower 

compared to the survival of those with Gl tumours in studies with deferred treatment 

[31-33, 143]. However, comparison between these studies is difficult for several reasons. In a 

study performed by Johansson et al [32], for example, 25% of the initial Gl tumours were 

excluded because they were of more advanced stages, T3-T4 and/or Ml. This group of 

advanced tumours is included in our analysis and affects the RSR considerably. Also, our 

patients were treated with different modalities, ranging from radiotherapy with curative intent 

to no treatment at all. If we assume that most patients with advanced stages died of prostate 

cancer and that the treatment given did not affect the 10 year survival, our results might be 

compatible with the aforementioned studies.
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A 50-year-old male in Sweden has approximately 25 years of life expectancy compared to 

only about 6 years for an 80-year-old man, a difference due, of course, to the increasing risk of 

death from concurrent diseases with growing age. It is obvious that the number of lost years 

due to prostate cancer decreases with increasing age at diagnosis. However, the magnitude 

and the influence of this age factor in different tumour grades has been unknown. 

Consequently, the number of lost years in different ages was analysed and the findings 

summarised in Table 3.

Table 3. Comparison between 10-year relative survival rates (RSR) and the number of lost 
years in each tumour grade separately and in all grades together.

Gl G2 G3 All grades

Patient
age

RSR at 
10 years

Number 
lost years

RSR at 
10 years

Number 
lost years

RSR at 
10 years

Number 
lost years

RSR at 
10 years

Number 
lost years

45-54 0.67 11.0 0.41 15.3 0.20 18.0 0.39 15.6

55-64 0.69 4.2 0.37 9.0 0.18 11.9 0.43 8.1

65-74 0.68 2.2 0.39 4.9 0.20 7.1 0.43 4.6

75-84 0.71 1.2 0.50 2.2 0.26 3.5 0.50 2.2

All ages 0.71 1.9 0.42 4.1 0.21 6.1 0.45 3.9

For example for Gl tumours the loss of life expectancy varied from 11.0 to 1.2 years in 

patients aged 45-54 years and 75-84 years at diagnosis respectively, even though the RSR 

were approximately 0.70 in both of these groups. Thus, it is obvious that age is of great 

importance for the remaining lifetime, a fact that is not illustrated when only relative survival 

is studied. This might to some extent explain why clinicians often have the opinion that the 

prognosis for prostate cancer is worse in younger men.
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PROSTATE CANCER MORTALITY

In order to estimate prostate cancer mortality the cohort of prostate cancer patients in paper II 

was utilised. There was a striking similarity between the survival rates using either relative 

survival or cause-specific survival with data from the Causes of Death Register (Figure 7).
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Figure 7. Relative survival rate (RSR) and cause-specific survival rate (CSR) (data from 
Causes of Death Register) for prostate cancer in northern Sweden diagnosed between 1971 
and 1987.

The total prostate cancer mortalities were 53% and 55% respectively using excess mortality or 

mortality data from the Causes of Death Register (Table 4). The only difference in prostate 

cancer mortality between these methods was observed in cases surviving more than 15 years. 

The risk of prostate cancer related death decreased with longer survival, with a 38% risk 

between 10-15 years and only a 16% risk of prostate cancer death when surviving over 15 

years.
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When analysing cases diagnosed before the age of 70, the overall risk of prostate cancer death 

was 68%. This higher prostate cancer mortality in younger age groups is mainly due to the 

fact that they have fewer concurrent diseases than older men. Analysing each grade separately, 

the risk of prostate cancer death was 36%, 53% and 70% for Gl, G2 and G3 tumours 

respectively.

Table 4. The number of prostate cancer deaths according to survival among prostate cancer 
cases diagnosed between 1971 and 1987 in northern Sweden. The absolute numbers of 
prostate cancer deaths are not totally compatible between the two mortality methods, as the 
follow-up time was not the same. For comparison data from the Göteborg study on prostate 
cancer mortality is listed [144].

Excess mortality Causes of Death Register Göteborg study

Survival
(years)

PC-death
n

PC-death
%

PC-death
n

PC-death
%

PC-death
n

PC-death
%

0-5 2296 59 2300 59 51 39

5-10 591 44 593 49 57 54

10-15 151 38 131 40 21 57

15- 14 16 16 28 20 71

Total 3052 53 3040 55 149 50

Comparison of mortality data from our study with data on long-term prostate cancer mortality 

conduced in Göteborg, Sweden [144], showed striking differences in prostate cancer mortality 

between these two studies (Table 4). Especially after long time follow-up, the prostate cancer 

mortality in the Göteborg study was considerably higher than in our study. For example, for 

cases surviving 10-15 years the risk of prostate cancer death was 38% versus 57% and for 

cases surviving more than 15 years 16% versus 71%. However, the results are not totally 

compatible because only MO tumours were included in the Göteborg study.
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There are three principal reasons why the results in these two studies differ so much. Firstly in 

the Göteborg study the patients were selected retrospectively. All men living in Göteborg who 

died between 1988 and 1990 with an earlier prostate cancer diagnosis were selected as cases, a 

total of 536 men. This retrospective selection procedure differs substantially from that 

normally used in prospective studies and greatly influences relative survival because survival 

of prostate cancer improved over time. This is illustrated in figure 8 where both a 

retrospective and prospective selection was used in patients with prostate cancer in northern 

Sweden. After 3 years these relative survival curves diverges steadily and at 20 years there is a 

large difference in survival between these methods. Secondly, another main difference is in 

the determination of cause of death. In the Göteborg study the cause of death was determined 

by two of the authors and in our analysis only register data were used. Thirdly, random 

variation might also influence the results as sample size differs substantially between the 

studies.
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Figure 8. Comparison between the relative survival rates for prostate cancer with a 
prospective selection (cases diagnosed between 1971 and 1987 in northern Sweden) and a 
retrospective selection (cases living in northern Sweden who died between 1988 and 1990 
with a prior prostate cancer diagnosis, i.e. the same selection procedure that was used in the 
Göteborg study).
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FAMILIAL AND HEREDITARY PROSTATE CANCER (Paper III and TV)

In order to elucidate the importance of familial and hereditary factors in prostate cancer two 

separate studies were conducted, a twin study (paper III) and a register cohort study of familial 

prostate cancer (paper IV). The twin study comprises 4,840 male twin pairs distributed as 

1,649 monozygotic (MZ) pairs, 2,983 dizygotic (DZ) pairs and 208 pairs with unknown 

zygosity. Among the 4,632 pairs with known zygosity 444 cases of prostate cancer were 

identified, and 14 cases were found among the pairs with unknown zygosity. The mean-age at 

the time of compilation (1961) of the Twin Register was 49 years for the MZ twins and 50 

years for the DZ twin. The similarity in age at compilation is of importance because of the 

age-dependent incidence of prostate cancer.

There were 22 concordant pairs with prostate cancer, distributed as 16 MZ and 6 DZ pairs. No 

concordant pair was found in twins with unknown zygosity. Patient age at prostate cancer 

diagnosis was 72,6 and 75,1 years respectively for the MZ and DZ concordant pairs. The mean 

difference in age at prostate cancer diagnosis within each concordant twin pair was 5,1 years in 

MZ pairs and 11.2 years in DZ pairs.

The proband concordance rates (Pr) were 0.192 and 0.043 and the correlation of liability (r) 

were 0.40 and -0.05 for MZ and DZ pairs respectively (Table 5). As a comparison, data from 

two different studies of breast cancer [145, 146] and one of lung cancer [147] in twins are also 

shown in table 5. So far no other twin study on prostate cancer has been published for 

comparison with our results. However, the differences Pr and r are greater compared to the 

twin study of breast cancer using the Swedish Twin Registry [145].

A possible confounding factor in twin studies is that socio-economic or environmental factors 

might be linked to zygosity. For example, smoking habits are found more equal within MZ 

pairs than among DZ pairs [148]. This linkage of non-genetic factors to zygosity might give a 

false high value of the proband concordance rate and correlation of liability for MZ twins and 

the risk of overestimating the genetic factors is obvious. A factor of major interest is the level 

of medical care, since variations in this might drastically influence the number of prostate 

cancers detected. The absolute magnitude of these confounding factors is impossible to know. 

However, it could be indirectly studied by analysing differences in stage and grade at 

diagnosis between MZ and DZ concordant pairs. Unfortunately, this type of data are not
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available in this study. The influence of other unknown confounding factors cannot be 

excluded and, furthermore, synergistic effects between genetic and environmental factors 

could be important. Also how the fetal environment differs between MZ and DZ twins and its 

possible effects on susceptibility to diseases has been discussed [149,150].

Table 5 . Proband concordance rates (Pr) and correlation of liability (r) for monozygotic (MZ) 
and dizygotic (DZ) pairs in 4 different studies of cancer in twins.

Study Zygosity Discordant
pairs

Concordant
pairs

Pr r +/- SE

This study MZ 135 16 0.192 0.40 +/- 0.08

DZ 265 6 0.043 -0.05 +/- 0.09

Breast
cancer

MZ 140 10 0.125 0.38

DZ 285 15 0.095 0.31

Breast
cancer

MZ 77 5 0.115 -

DZ 164 9 0.090 -

Lung
cancer

MZ 262 10 0.071* —

DZ 357 21 0.105*

* Pr was calculated from the data presented in the report.

In an editorial comment to paper III, Dr. Gann suggested the use of recent techniques for twin 

analysis instead of using proband concordance rates and correlation of liability, to account for 

differences in follow-up time and which also makes it possible to estimate relative risks in 

twin studies. In a twin study of lung cancer, the risk ratio was 0.75 between MZ and DZ pairs 

using this alternative method [147]. However, the ratio between proband concordance rates in 

MZ and DZ twins was 0.67 when calculated from the data presented in that report (Table 5)

In the nation wide cohort study of sons to men with the diagnosis prostate cancer recorded 

between 1959 and 1963, all prostate cancer cases among the cohort of 5,496 sons were 

identified through linkage with the Swedish Cancer Register (paper IV). Most of the prostate 

cancers (71%) among sons were diagnosed during the last decade of follow-up (1981- 1990).
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In 277 families at least one son was identified as having prostate cancer. In one family 4 out of 

6 sons had a prostate cancer diagnosis. In this high risk family disease developed at early ages, 

62 years at the diagnosis for the father and 51, 52, 56 and 58 years for each son respectively.

There is no obvious selection bias in this study. All males with histologically or cytologically 

verified prostate cancer diagnosed in Sweden between 1959-1963 were selected as the study 

base. Only 6.0% of the fathers and 8.2% of the sons were not located and these non 

responders were almost equally distributed throughout the country. Information bias is not a 

problem, as prostate cancer diagnoses were obtained from the Swedish Cancer Register. The 

same register was used to calculate the expected number of prostate cancers in the cohort 

studied. Thus, any miss classification or under-reporting to the Cancer Register influences 

both the observed and expected number of cases equally. Recall bias was not confounding this 

study, as all data were collected from registries and not directly from the persons studied.

However, there are some limitations connected with our study design. Observation bias might 

influence the overall risk of prostate cancer in this cohort because relatively less person years 

at risk were studied for sons of younger prostate cancer cases (< 70 years) (Table 1, paper IV). 

As this age class showed a much higher relative risk of developing prostate cancer at older 

ages, and consequently there may be a slight underestimation of the overall relative risk for 

this cohort. Any maternally inherited prostate cancer is not possible to study with our design. 

Information on uncles of both sides or grandfathers are difficult to obtain from the parish 

offices. Adjustment for other possible confounding factors, such as dietary habits or the use of 

medical care, was not possible in this study.

When compared with the Swedish population incidence rates, a significantly increased SIR 

(pO.OOl) of 1.70 (95% Cl, 1.51-1.90) was obtained for prostate cancer within the cohort of 

sons, 302 observed cases compared to 178 expected prostate cancers (Table 6). When 

analysing each 5-year age strata separately for prostate cancer risk, a SIR of 3.38 was obtained 

for diagnoses between 45 to 49 years and decreasing gradually down to a SIR of 1.35 for sons 

older than 80 years at diagnosis. The linear trend toward a decrease in SIR with increasing age 

at diagnosis for the sons was significant (p=0.013).
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Table 6. The observed (Obs) and expected (Exp) numbers of prostate cancer, standardised 
incidence ratio (SIR) with 95% confidence intervals (95% Cl) for developing prostate cancer 
at different ages among men with a father with a prostate cancer diagnosis recorded in 
Sweden between 1959-1963.

Age
(years)

Obs Exp SIR* 95% Cl

45-49 3 0.89 3.38 0.68-9.88

50-54 9 4.00 2.25 1.03-4.27

55-59 31 13.38 2.32 1.57-3.29

60-64 51 30.76 1.66 1.23-2.18

65-69 85 45.62 1.86 1.49-2.30

70-74 72 46.57 1.55 1.21-1.95

75-79 37 26.25 1.41 0.99-1.94

80- 14 10.37 1.35 0.74-2.27

Total 302 177.84 1.70 1.51-1.90

* p-value for trend = 0.013

When stratifying for the age of prostate cancer diagnosis among the fathers, a significant 

decreasing trend was obtained (pO.OOl) for the risk of prostate cancer among the sons. 

Among the youngest fathers (<70 years) a significant decreasing trend was obtained for sons 

with increasing age at diagnosis. No significant trend was found for the two age classes of 

fathers at an age over 70 years (Table 7). The relative risks found in case-control studies on 

family history and prostate cancer range from 2.1-8.7 (Table 5, paper IV). The relative risks 

for all first degree relatives in the two largest studies were 2.1 (1.5-3.0) [47] and 2.4 (1.3-4.5) 

[49], corresponding fairly well to our overall results. The age-dependent risk among relatives 

to prostate cancer patients found in paper IV (Table 7) were also observed in two earlier 

studies [50, 52].
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Table 7. The standardised incidence ratio (SIR) with 95% confidence intervals (95% Cl) for 
prostate cancer at different ages at diagnosis among sons according to the age at diagnosis 
among the corresponding fathers.

Age of sons 
(years)

<70

Age of fathers 
(years)

70-79 >80

SIR (95% Cl) SIR (95% Cl) SIR (95% Cl)

45-49 7.22(0.81-26.05) 2.16(0.03-12.00) -

50-54 3.95(1.06-10.12) 1.87 (0.50-4.80) 1.17(0.02-6.51)

55-59 2.87(1.23-5.65) 2.21 (1.26-3.59) 2.08 (0.83-4.29)

60-64 2.48(1.28-4.33) 2.03 (1.40-2.83) 0.55 (0.18-1.28)

65-69 1.62(0.65-3.34) 2.07(1.54-2.73) 1.62(1.07-2.35)

70-74 0.65 (0.01-3.61) 1.80(1.30-2.43) 1.34(0.90-1.92)

75-79 - 1.43 (0.78-2.39) 1.41 (0.90-2.12)

80-84 - 1.93 (0.39-5.65) 1.26 (0.63-2.25)

p value for trend 0.01 n.s.* n.s.*

Total 2.27 (1.57-3.17) 1.92 (1.64-2.23) 1.34 (1.09-1.62)

* n.s. = Non significant
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BODY MASS INDEX, DIET, SMOKING AND ALCOHOL CONSUMPTION IN 

RELATION TO PROSTATE CANCER RISK (Paper V)

In paper V several possible aetiologic risk factors for prostate cancer were investigated. The 

main finding was that the risk of prostate cancer increased with increasing body mass index, 

(test for trend p=0.015). The multivariate adjusted odds ratio for a high body mass index 

(>29 kg/m2) was 1.80 (1.07-3.04) (Table 8). This positive relationship between prostate 

cancer and overweight were also reported in 5 other studies, both retrospective case-control 

studies and cohort studies [76, 87-90]. Other studies report no association [73, 91, 92]. For 

total food consumption the risk estimate was increased across the strata concerning amount of 

intake and a positive trend was found (pO.OOl). A high total food consumption was 

associated with a multivariate adjusted odds ratio of 3.89 (1.09-13.96). The odds ratios were 

only slightly influenced when they were calculated in a multiple logistic regression model 

including total food consumption, body mass index, age and potato intake as risk factors 

compared to separated univariate analyses. The correlation coefficient between total food 

intake and body mass index was surprisingly low (r=0.15).

Regarding the specific foods items, increased amounts, compared with none or only a small 

part, showed no significant association with prostate cancer risk (Table 2, in paper V). 

Concerning potato consumption, a non significant increased risk was observed for those with 

a high intake of potatoes, OR=l .58 (0.98-2.56). After adjustment for total food consumption 

and body mass index in the multivariate analysis, the risk was however reduced to OR=l .13 

(0.70-1.84) for high consumers of potatoes.

For the different food items studied, only three levels of intake were recorded and which is 

probably too rough a division for recording more subtle differences. The two exceptions were 

milk and coffee which were classified in glasses or cups consumed per day. However, in a 

published cohort study of 80 urothelial cancer cases with data from the same twin register, a 

significantly positive relationship with pork and beef was recorded [151], even though the 

number of cases was rather limited compared to the 406 prostate cancer cases in our study. If 

there were any strong relationships between any studied food items and prostate cancer it 

would probably have been detected in this study.
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Table 8. Odds ratio (OR) and 95% confidence interval (95% Cl) for the association between 
Body Mass Index (BMI), total food consumption and potato intake and the risk of prostate 
cancer.

Cases Controls Age adjusted Multivariate adjusted

OR 95% Cl OR 95% Cl

BMI (kg/m2)
<23 68 251 1 1

23-25.99 128 403 1.17 0.83-1.66 1.14 0.81-1.61

26-28.99 84 196 1.58 1.07-2.33 1.44 0.98-2.11

>29 32 64 1.85 1.08-3.14 1.80 1.07-3.04

Trend p=0.002 p=0.015

TOTAL FOOD CONSUMPTION
Less 38 192 1 1

As much 248 657 1.91 1.29-2.83 1.90 1.25-2.90

Some more 34 77 2.23 1.27-3.93 2.22 1.23-3.99

Much more 5 7 3.61 0.93-13.58 3.89 1.09-13.96

Trend p<0.001 pO.001

POTATOES
No or small part 31 123 1 1

Medium part 173 506 1.37 0.87-2.16 1.05 0.66-1.66

Great part 112 290 1.58 0.98-2.56 1.13 0.70-1.84

Trend n.s.* n.s.*

* n.s.= Non significant
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There was no association between tobacco consumption and prostate cancer in the present 

study (Table 4, in paper V), regardless of whether or not smokers and non-smokers were 

compared or if a stratified tobacco consumption, cigarettes per day, was used for the analysis. 

The odds ratio for current smokers compared to non-smokers was 1.00 (0.71-1.39). This 

observation is in agreement with a growing number of studies [71, 83, 95-98, 152]. There are 

however 4 large studies showing a positive relationship between smoking and prostate cancer, 

the RR found ranged between 1.18-1.9 [70, 84, 93, 94], with a dose response relationship in 

only 2 of these studies.

The use of alcohol was not associated with prostate cancer risk, the odds ratio for current 

users of alcohol compared to non-users was 0.89 (0.64-1.25) and for former users 0.81 

(0.45-1.42) (Table 4, in paper V). When analysing the qualitative consumption of beer, wine 

and spirits separately, no association with prostate cancer risk was found. This is in total 

agreement with other studies reported [83-86, 152]. In conclusion, it is unlikely that either 

tobacco or alcohol consumption significantly changes the risk of prostate cancer.
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GENERAL DISCUSSION

TRENDS IN INCIDENCE, SURVIVAL AND MORTALITY OF PROSTATE 

CANCER (Paper I)

The trends in prostate cancer during the last decades both in our region and in Sweden are 

characterised by an increasing incidence rate, an almost constant mortality rate and an 

increasing relative survival rate. These changes in trends are also observed in other developed 

countries, for example other Nordic countries and the US [10, 153, 154]. An interesting 

exception is Denmark where the 5-year survival is much poorer than in other Nordic 

countries. The incidence rates in Denmark are, however, also considerably lower and 

consequently the mortality rates are almost equal compared to the other Nordic countries [153, 

154].

These aforementioned trends are principally affected by changes in three different factors; 

diagnostics, treatment and aetiologic risk factors. The diagnostic procedures of prostate cancer 

have changed substantially during the last decades, with more frequent use of transurethral 

resection (TURP) for benign prostate hyperplasia and the introduction of transrectal fine 

needle aspiration biopsies. This has probably increased the number of accidentally found 

prostate cancers in patients where cancer was not initially expected. For example, the number 

of prostate cancers diagnosed after cytological fine needle aspiration was doubled between 

1974/75 and 1986/87 in northern Sweden (paper I).

Studies both in the US and Canada also show a strong correlation between the increasing 

usage of TURP and the rapidly increasing incidence of all stages of prostate cancer [8, 155]. 

The introduction of and a more frequent use of new diagnostic tools do to a large extent 

explain the increasing incidence of low grade tumours (Gl and G2) found in paper I. From 

autopsy studies it is well known that the prevalence of undiagnosed prostate cancer is very 

high in the elderly male population [24, 25, 28, 156]. Then it is obvious that the probability of 

accidental detection is much higher for indolent, slowly growing tumours (G1+G2) than for 

more aggressive, fast-growing (G3) tumours. Thus, in a population with low diagnostic 

intensity Gl and G2 tumours will often be undetected while G3 tumours tend to disclose 

themselves spontaneously by producing symptoms. By the introduction of PSA and transrectal



45

ultrasound guided biopsies it is most likely that a large number of low grade and low stage 

tumours will be detected in the next decade. How this early diagnosis of prostate cancer 

together with aggressive local treatments will affect the overall mortality of prostate cancer is, 

however, to early to predict.

The treatment of prostate cancer has not changed much during the last 20 years in northern 

Sweden. In our region a small and constant number of patients with localised tumours has 

been treated with curatively intended radiotherapy. The vast majority of prostate cancer 

patients has received initial or deferred hormonal treatment. So it is unlikely that treatment 

substantially has affected the survival or mortality rates. The increase in survival is probably 

mostly due to the increased detection of low grade tumours with a more favourable prognosis.

Changes in aetiologic risk factors in the population causing prostate cancer, for example 

dietary fat, are very difficult to estimate. However, the importance of changes of risk factors 

causing prostate cancer in different population are clearly demonstrated in several migration 

studies. Thus, an increase in intake of dietary fat and changes in other risk factors might cause 

a true rise in prostate cancer incidence. A change in risk factors may possibly explain that the 

increase in G2 tumours was greater than in Gl tumours (paper 1). If this had been a major 

factor, one would, however, have expected a rise in incidence of tumours of all three grades.

PATIENT AGE AS A PROGNOSTIC FACTOR IN PROSTATE CANCER (Paper II)

Many clinicians have the opinion that younger patients with prostate cancer have a poorer 

prognosis. In paper II we found no support for that opinion, as the relative survival rate was 

almost equal in all ages. This indicates that tumour proliferation and the aggressiveness o f the 

diseases is independent o f patient age. This opinion is also supported by some reports of 

young prostate cancer patients, both sporadic and hereditary cases, where tumour stage, grade 

and prognosis is equal compared to older patients [52, 142]. However, the risk of a prostate 

cancer related death decreases substantially with growing age due to intercurrent diseases, a 

fact that is not obvious when studying relative survival rates. By using years lost due to 

prostate cancer or cause-specific mortality rates in different ages the effect of inter current 

diseases was clearly demonstrated (II).
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Whether or not these data support radical treatment of localised prostate cancer in young ages 

was an important question raised by Dr Ansong [157, 158]. The ideal patient for curative 

treatment of localised prostate cancer is a man young enough to die of his cancer, with a 

cancer aggressive enough to kill him during his remaining life. However, the cancer can not 

be too aggressive, then it is not affected by treatments available today. In older males (over 

70 years) it is clear that the benefit of radical treatment is small concerning survival, with only 

1-3 years lost due to prostate cancer in grade 1 and 2 (Table 3). Most clinicians agree to that 

curatively intended treatment should only be discussed in cases with at least 10 years 

expectancy of life. Therefore, it is surprising that the incidence of radical prostatectomy 

among men 70-79 years, is increasing by nearly 35% per year between 1983-1989 in the US. 

In 1989, for example, a white man living in Seattle, USA had a 6,4% estimated probability of 

a radical prostatectomy by the age of 75 [10].

In younger patients with localised prostate cancer the question is more complex. This problem 

was illuminated in a decision analysis of different treatments in localised prostate cancer 

[159]. The conclusion of this analysis was that, only patients aged 60-65 years with G2 

tumours would benefit from curative intended treatment compared to deferred treatment. For 

patients older than 70 years the curative intended treatments might even be harmful due to 

loss of quality-adjusted life years the authors concluded. However, this analysis did not 

include patients under 60 for whom the theoretical gain of active treatment is greater 

compared to older men. The analysis in the referred study was also criticised because the 

annual rate of metastasising was underestimated, giving less impact on survival from curative 

treatments [34]. The only way to find out if aggressive local treatment for prostate cancer in 

younger patients is beneficial is to include these patients in randomised trials with deferred 

treatment as one option. But, in reality it might be difficult for the individual clinician to 

include very young patients in such trials due to the long remaining life expectancy (Table 3) 

and the uneasiness in leaving a cancer tumour untreated in a young patient.

PROSTATE CANCER MORTALITY

Prostate cancer is often diagnosed at an age when intercurrent diseases are common, and 

therefore the interpretation of mortality data of prostate cancer is difficult without accounting 

for age-related general mortality. There are principally three different sources to obtain 

information when calculating disease specific mortality rates;
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1. Medical records

A common method to determine prostate cancer specific mortality is the usage of medical 

records, particularly when nation wide mortality data or reliable population data are not 

available. This methods is connected with problems in the determination of the true cause of 

death, as the medical records quite often are incomplete. In addition, prostate cancer is 

sometime a slowly progressing disease, and intercurrent death might occur so the patient dies 

with but not directly by prostate cancer. Observation bias is also a problem, as the cause of 

death in this method is subjective and influenced by the investigators own judgement. This 

bias might be overcome by using independent investigators in reviewing the medical records.

2. Death certificates

In Sweden the causes of death is recorded in the nation-wide Causes of Death Register since 

the early 1950's. In this register the causes of death are divided into underlying and 

contributory causes. The mortality rates are age standardised to account for differences in age 

composition in the studied population. However, there are some problems in interpreting data 

from this register. In 1981 the coding instructions were changed and the prostate cancer 

mortality rates decreased with 11% between 1980 and 1981. The frequency of autopsy will 

also effect the mortality rates, particular in prostate cancer due to the high prevalence of latent 

tumours.

The doctor reporting to the register faces the same problems in determining the true cause of 

death in prostate cancer patients as discussed above. However, this problem might be less 

significant when analysing national mortality rates as the number of reporting doctors is large 

and differences in reporting the causes of death might even out. However, using death 

certificates from a small geographical area might be less accurate, as only a few doctors then 

are responsible for the death certificates.

3. Excess mortality

When analysing the excess mortality it is not necessary to determine the cause of death which 

sometimes is difficult in prostate cancer. The excess mortality is the difference between the 

mortality in the prostate cancer population and an age-matched corresponding population of 

males [130]. To be able to use this method, reliable population data must be available. When 

using this method it is assumed that prostate cancer death is independent to all other causes of 

death. Excess mortality is more objective compared to the aforementioned two methods. One
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problem when analysing smaller populations, for example in hospital based studies, is that the 

choice of reference population might be difficult.

In the unselected material of 6463 prostate cancer patients from northern Sweden diagnosed 

between 1971 and 1987, the prostate cancer mortality was calculated to 53% and 55% 

depending on method used (Table 4). With an overall mortality of 50% it is obvious that 

prostate cancer is not an harmless cancer affecting only old men without affecting the 

remaining life of these men. As a comparison, 2163 men died of prostate cancer compared to 

1515 women who died of breast cancer in Sweden 1991, while the number of cancers 

diagnosed this year were almost equal between the two tumour groups [3]. This large 

difference in mortality between prostate and breast cancer is perhaps due to a more effective 

primary treatment of breast cancer. The prostate cancer mortality calculated from the Causes 

of Death Register or by excess mortality shows almost the same result (Figure 7, Table 4).

The similarity between the results of these two methods might be surprising, as data from 

death certificates earlier was considered uncertain particularly in prostate cancer when the 

determination of cause of death is difficult. These results indicate that mortality data from the 

Causes of Death Register might be used when analysing cause specific cancer mortality in 

prostate cancer.

Our data clearly shows that the annual cause-specific mortality rate in prostate cancer 

decreases with longer survival (Table 4). This pattern of mortality is found in most other 

cancer tumours, for example breast cancer and colorectal cancer [160]. However, there are 

some exceptions where the annual cause-specific rate is more stabile as low-grade Non- 

Hodgkin lymphomas and chronic leukaemia's. Our data are in sharp contrast to the results 

from the Göteborg study [144], where the annual prostate cancer death rate increases instead 

of decreases with longer survival (Table 4). The results from the Göteborg study have 

rendered great attention, as these data indicate that prostate cancer will eventually progress 

and in most cases cause the death of patients surviving more than 10 years. These data have 

been used as an argument for a more aggressive local treatment of localised tumours in 

patients with more than 10 years life expectancy. However, our data do not support this 

conclusion. It is also impossible to know, at the time of diagnosis, which patients who are 

going to live 10 or 15 years later, even using the best possible prognostic factors available. In 

conclusion, these type of population studies are not appropriate in the decision of different
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treatments. Comparing different treatments with randomised trials is the only way to make 

decisions concerning how to treat patients.

FAMILIAL AND HEREDITARY FACTORS IN PROSTATE CANCER 

(Papers III and IV)

That a positive family history of prostate cancer is a risk factor for developing this disease is 

clearly demonstrated in several epidemiological studies. The results from paper IV further 

confirm the risk of getting prostate cancer having a father with the same disease. The pattern 

and the magnitude of the risk in familial and hereditary prostate cancer is surprisingly equal to 

other common cancers with known hereditary syndromes such as breast cancer and colorectal 

cancer. The familial aggregations of prostate cancer found in epidemiological studies cannot 

serve to evaluate genetic liability, since family members share environmental factors, such as 

diet, which might be important in the development of prostate cancer. However, the results 

from the twin study (III) indicates strongly that inherited factors are of importance in a 

subgroup of prostate cancer patients. The differences in proband concordance rates and 

correlation of liability between monozygotic and dizygotic twins in our study was even found 

larger compared to a study on female breast cancer using the same registers. Early onset of 

disease was also found in paper IV in prostate cancer families, which indicates an inherited 

factor of importance in these families. In addition, a segregation analysis of families with a 

prostate cancer proband, showed that prostate cancer aggregation can be explained by 

Mendelian inheritance of a rare and highly penetrant autosomal gene causing prostate cancer 

at an early age [53]. In conclusion, these epidemiological studies provide strong evidence that 

both familial and hereditary prostate cancer do exist.

However, the characteristics of familial and hereditary prostate cancer is so far poorly 

understood. If there are differences in stage, grade or prognosis between sporadic and 

hereditary cases is still unknown. The association between prostate cancer and other cancers 

in specific inherited syndromes are also yet to be found. The identification of one or several 

“prostate cancer genes“ in the future causing hereditary prostate cancer will be of most 

importance. These genes might give an important clue to the pathogenisis of this common 

cancer not only in inherited tumours but also in sporadic tumours. Prostate cancer genes might 

also be of value in genetic counselling of high risk families.
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Men with a positive family history of prostate cancer are an easily identified high risk 

population. That this high risk population, in the future, might benefit from prostate cancer 

screening with, for example annual PSA and transrectal ultrasound, is most likely. These 

procedures probably lead to earlier diagnosis and hopefully a better prognosis among men 

with prostate cancer in these high risk families [161].

AETIOLOGIC RISK FACTORS FOR PROSTATE CANCER (Paper V)

Only a few etiologic risk factor of prostate cancer are so far identified, despite a fair amount 

of epidemiological research in this area. The most consistent risk factor has been high dietary 

fat intake. One possible explanation to the sparse results in this area might be that initiating 

and promoting factors responsible for the development this tumour act early in life. These 

early exposures might not be detected by questions asked at the time of diagnosis. A high 

body mass index and a high total food consumption were two independent risk factors of 

prostate cancer risk found in paper V. It is likely that both BMI and total food intake might be 

indicators of high energy intake and a high fat diet. Thus, our data may indirectly confirm the 

relationship between dietary fat and prostate cancer risk. Our data were prospective and the 

information regarding BMI and dietary habits was collected 0-20 years prior to diagnosis. This 

might be important when interpreting our data. In most retrospective case-control studies the 

weight was measured at the time of diagnosis and is probably affected both by the disease 

itself and the fact that the people were older then those in our study. If it is assumed that BMI 

or diet are indicators of promoting agents in prostate cancer development our prospective data 

are probably more representative than data collected close to diagnosis. That this reasoning 

might be adequate was illustrated in a recent prospective cohort study of Hawaiian men, 

showing that the positive association between body weight and prostate cancer found was 

greater as the time interval from examination to diagnosis lengthened [90]. The different 

methodology used in the epidemiological studies of prostate cancer might explain the 

contradictory results for example on overweight and prostate cancer risk.

Experimental data on the role of dietary fat in prostate cancer development are very limited.

In a Dunning rat model, it was found that a fat-free diet inhibited the growth of hormone 

dependent, well differentiated tumours but had no effect on hormone insensitive, poorly 

differentiated tumours [162], In one study dietary fat was also shown to have a promoting 

affect on prostate cancer tumours in rats, but 4 other studies reported no effect. There are
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some hypotheses about how fat promotes the development of prostate cancer. Some studies 

indicate that dietary habits might affect the circulating levels of sex-hormones. For example, 

the total plasma androgen and oestrogen concentrations decreased significantly in black 

North Americans put on a vegetarian diet and increased in black South African men eating a 

western diet [114]. Another interesting speculation is that dietary fat modulates the 

expression of 5-alpha reductase, an essential enzyme in the prostate, converting testosterone 

to dihydrotestosterone [113, 163]. On the basis of these epidemiological and experimental 

data on prostate cancer and dietary fat, some epidemiologists in the US even suggest a 

dietary intervention trial in prostate cancer patients [164]. Such a diet intervention trial on 

peri menopausal and post menopausal breast cancer patients with Stage I and II disease has 

already started in the US.

In conclusion, family history of prostate cancer and a high dietary intake of fat are the most 

consistent risk factors for prostate cancer development known today. Other possible risk 

factors as smoking, alcohol, and occupation are not likely to affect the risk of prostate cancer 

substantially.
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CONCLUSIONS

The main conclusions drawn from this thesis can be summarised as follows:

The large increase in prostate cancer incidence during the last two decades is mainly in low 

grade (high and moderately differentiated) tumours. This increase in low grade tumours is 

mainly due to the introduction of new diagnostic tools and a more frequent use of these 

diagnostics.

The relative survival rate of prostate cancer is independent of patients age indicating that 

tumour proliferation and the aggressiveness of the disease is equal in all ages. However, the 

risk of a prostate cancer related death decreases substantially with growing age due to 

concurrent diseases in old age. By using years lost due to prostate cancer or cause-specific 

mortality rates in different ages the effect of concurrent diseases is clearly demonstrated.

The cause-specific prostate cancer mortality was found to be around 50% showing that 

prostate cancer is not a harmless disease only affecting elderly men without affecting 

survival. The data also shows that the annual cause specific death rate decreases with longer 

survival, as in most other cancer tumours. However, there are patients dying of prostate 

cancer even 15 years after diagnosis.

That both inherited and familial factors are important for the development of prostate cancer 

is demonstrated in two separate studies; one population based cohort study and one twin 

study. Men with a positive family history are an easily identified high risk population that 

might benefit from prostate cancer screening in the future.

A high body mass index and a high total food intake are two independent risk factors for 

prostate cancer development. These factors might be indicators of a high fat diet, which so 

far is the most consistent exogenous risk factor for prostate cancer.
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