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The aim of this study was to explore the incidence of testicular cancer (TC) in Norway, and thereby to increase 
the understanding of aetiological factors. From 1955 to 1992, a total number of 3927 TC cases were recorded in 
Norway, of which 51% were seminomas, 45% non-seminomas and 4% other and unspecified types. The age- 
standardised incidence rate increased from 2.7 to 8.5 per 100000. The age-specific incidence rate increased in all 
age groups, but was most marked in the younger population. The significance of bii cohort as a risk factor for 
development of TC was confirmed. The incidence by birth cohorts from 1916 to 1970 showed an increase by later 
birth cohorts during the whole period, with the exception of a marked falI for the cohort born during the Second 
World War. The largest increase occurred after the war. We conclude that environmental factors acting very 
early in iife are of significance in the development of TC. 
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INTRODUCTION 
THE INCIDENCE of testicular cancer (TC) varies widely among the 
Nordic countries. The age-standardised cumulative incidence 
rates in 1986 varied between 8.4 per 100000 person years in 
Denmark, one of the highest in the world, 6.6 in Norway and 
1.8 in Finland (World Standard) [ 11. The reasons for this great 
difference are not clear. 

The fact that TC is a cancer of younger age groups, has led to 
the hypothesis that carcinogenesis starts very early in life, 
probably as early as in uterine life. Both epidemiological [2-4] 
and basic medical research [5, 61 have demonstrated that the 
period of gonadal differentiation in early fetal life is of import- 
ance. The only established risk factors so far have been cryptor- 
chidism and Caucasian race. Other possible risk factors under 
discussion are low birth weight, high age of the mother at the 
time of the patient’s birth, first among siblings, high maternal 
weight, nausea, hyperemesis and bleeding in pregnancy, high 
social class and genetic factors apart from race [7]. Moller [8] 
reported that the incidence was temporarily reduced for the 
cohort of men born just before and during the Second World 
War. This underlines the assumption that environmental factors 
may be of importance. 

The aim of this study was to use the high quality data of the 
Norwegian Cancer Registry to explore the trends of incidence of 
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TC in Norway during a 40 year period, and thereby to increase 
the understanding of aetiological factors. In particular, the 
importance of birth cohort as a risk factor was addressed. 

Patients 
PATIENTS AND bUXHODS 

Cancer reporting to the Norwegian Cancer Registry has been 
compulsory since the registry was established in 1952. All 
hospitals and histopathological laboratories are independently 
committed to report all newly diagnosed cases of cancer. The 
identification of Norwegian inhabitants is simplified through an 
11 digit personal identification number which unambiguously 
identifies each Norwegian inhabitant. 

The present study comprises all cases of malignant tumours 
located in the testicle which were reported to the Cancer Registry 
between 1955 to 1992, except 54 patients with a primary 
malignant lymphoma of the testis. Patients with concomitant or 
subsequent cancer in both testicles were recorded as one case. 

Registration is based on the International Classification of 
Diseases, 7th Revision (ICD-7, 1955). The histological classifi- 
cation and coding was carried out according to the Manual 
of Tumor Nomenclature and Coding, 1968 (MOTNAC) and 
Systematized Nomenclature of Pathology, 1965 (SNOP). 
Ninety-eight per cent of the tumours were histologically verified. 

The tumours were grouped as follows: seminomas, non- 
seminomas and other histological and unspecified types. The 
extent of the disease was referred to as stages I-III: stage I (no 
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evidence of metastases), stage II (regional metastases), and stage 
III (metastases other than regional). 

The patients’ age at diagnosis and the diagnostic periods were 
divided into 5 year intervals, except for the latest 3 year 
diagnostic period from 199&1992. The age-adjustments were 
made according to The World Standard Population. 

The increase in incidence rate of TC per 5 year age groups was 
estimated by a loglinear model. The mean incidence of 5 year 
diagnostic periods from 1958 to 1992 was used as the basis of the 
estimation of the annual increase. The increase in the 15-19 
years age group for seminomas was not possible to calculate due 
to lack of observations in some cells. 

To study the bii cohort effect, an age-period-cohort model 
was attempted. The population was divided into 5 year age 
groups (15-19,. . ., 404l) and 5 year birth cohorts 
(19X-1920,. . ., 1%&1970) and seven diagnostic periods 
covering the calendar period 1955-1989. Let D, be the number 
of observed cases in age group i, birth cohort j and diagnostic 
period k, and Ncb the number of persons at risk. D+ is assumed 
to have Poisson distribution with mean 
exp(x + ai + b, + Pk + log (N&) where x is the constant 
term, ai is the age effect, bi the birth-cohort effect and Pk the 
period effect. Estimation and testing were carried out via the 
GLIM 3.77 statistical programme. An acceptable best fit 
appraised by the deviance was achieved by including the vari- 
ables age and birth cohort only. Since diagnostic periods were 
without importance, but were defined with overlapping periods, 
a new model defining age and diagnostic periods as clean 5 year 
groups and overlapping birth cohorts, was attempted. This 
analysis revealed that a model including age and period of 
diagnosis only did not achieve an acceptable best fit. Our final 
model was, therefore, expressed through the mean 
exp(x + (I, + bj + log (N&)* The model was alSo applied in 
subanalyses regarding histological types. 

RESULTS 
From 1955 to 1992, a total number of 3927 testicular cancers 

were recorded in Norway (Table 1). Of these, 91% occurred in 
patients between 10 and 59 years of age, 51% were classified 
as seminomas, 45% as non-seminornas and 4% as other and 
unspecified types. Only 1% of the tumours occurred in boys 

under the age of 9 years, and the majority of these were 
classified as non-seminomas. In the age group 10-34 years, non- 
seminomas were the most frequent histological type (61%), 
while seminomas dominated with 71% in the 35-39 year age 
group. In addition, in the oldest age group (60+) which 
accounted for 7% of cases, seminomas dominated with 57%. 

Other histological and unspeci6ed types occurred most often 
in the youngest and oldest age groups. Half of the tumours of 
this type were not histologically classified. In the youngest age 
group, sarcoma dominated with 5 cases of rhabdomyosarcoma 
and 2 cases of sarcoma that were not further speci&d. In the 
oldest age group, histological examination was not available in 
35 cases. Fourteen tumours were of the sarcoma type, eight 
of carcinoma type, nine were malignant tumour not further 
spectied, and there was one case of a carcinoid tumour. 

The age-standardised incidence rate of TC increased from 2.7 
per 100000 person years in 1955-1959 to 6.8 in 1985-1989 and 
8.5 in the latest period from 199&1992 (Figure 1). The increase 
was found for both seminomas and non-seminomas. During the 
first half of the investigated period, seminomas were slightly 
more frequent than non-seminomas. The incidence rates of 
other and unspectied types have been low and stable. 

The age-specific incidence rates of seminomas and non- 
seminomas are demonstrated for three diagnostic periods in 
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Age-staadanlised (World Standard) incidence of ttsticular 
cancer in Norway by histological type and diagaostic pexiods. 

Table 1. Dism’bution of testicular cancer in Norway 1955-1992 by histological type aid broad age groups in number of cases and per cent 

Histological type 
(% distribution of 
histological types) 

Age (YW) 
O-9 lo-34 35-59 60+ All ages 

No. % No. % No. % No. % No. % 
_ 

Non-seminoma 2 1253 72 23 3 1749 100 

(%) (61) (45) 
Semiuoma d, <l% 754 38 1087 54 163 8 2005 100 

(%) (37) (71) (57) (51) 
Other and unspecified types 7 29 25 39 173 100 

(%) d:, i:, E ($ (4) 
Total 1 2058 52 1530 39 286 7 3927 100 

(%I (100) (100) (loo) (100) 
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Figure 2. Age-specific incidence per 100 000 person years of semin- 
omas and non-seminomas in Norway during three diagnostic periods. 

Figure 2. In 1955-1959, the highest incidence rate of seminomas 
was seen in the age group 35-39 years. In 1985-1989, the highest 
incidence appeared in the age group 30-34 years. In 1985-1989, 
patients with seminoma were on average 1.5 years younger and 
patients with non-seminoma 1.3 years younger at the time of 
diagnosis compared to patients in 1955-1959. Patients with non- 
seminoma were on average 8.9 and 8.7 years younger than 
the patients with seminoma in 1955-1959 and 1985-1989, 
respectively. 

Table 2 shows the annual per cent increase in incidence 
observed during the period 1955-1992. An increase was seen for 
all age groups. The highest increase, however, occurred among 
the youngest men (15-19 years) and the second highest among 
the oldest men (5&54 years). 

Seminoma was most often diagnosed in stage I. This stage is 
also responsible for the main increase in seminoma incidence 
rate (data not shown). In stage II, there was a slight increase and 
in stage III a slight reduction in incidence rate. For non- 
seminomas, 60% of the patients presented with stage I and 40% 

with stage II and III at the beginning and at the end of the 
diagnostic period. In the middle of the period the frequency of 
stage I and stage II-III was similar. The proportion of stage II 
increased until early in the 198Os, but decreased thereafter. In 
the last decade, an increase of stage I was observed. 

Figure 3 shows the incidence rates in 5 year birth cohorts from 
1916 to 1970 estimated by the described age and birth cohort 
model. There was an increase in incidence for later birth cohorts 
up to the birth cohort 19361940, for which there is a tendency 
to level off. A dip appeared for the Second World War cohort 
(1941-1945), while in the post-war cohorts the incidence rates 
increased markedly. The calculated incidence rates for the 
oldest and youngest birth cohorts, however, represent uncertain 
values. 

The age-cohort model was fitted for seminomas and non- 
seminomas separately using the incidence rates of birth cohort 
1916-1920 as reference (Table 3). The relative risks for both 
seminomas and non-seminomas show patterns similar to the 
incidence of all testicular cancers combined. 

25 - l 

n 15-19 years 
o 20-24 years 

20 l 25-29 - years 
0 30-34 years 

E A 35-39 : years 

x A 40-44 years 

Birth cohort 

Fii 3. Estimated incidence of testicular cancer by age at diagnosis 
and bii cohorts. 

Table 2. Annual increase in incidence of testicuhr cancer during the perioa’ 19511992 by histological types and age at diugnosis 

15-19 20-24 25-29 
Age (years) at diagnosis 
3&34 35-39 40-44 45-49 50-54 

All, % 6.5 (4.8, 8.0) 4.8 (3.5, 6.0) 3.0 (1.0, 5.0) 2.5 (0.2, 4.8) 2.0 (1.4, 2.6) 1.7 (-0.4, 3.8) 2.9 (1.1, 4.8) 3.9 (1.9, 5.9) 
(95% CI) 
Seminoma, % - 7.2 (1.8, 3.0) 3.4 (0.2, 6.8) 2.1 (-1.3, 5.6) 1.8 (1.1, 2.4) 0.8 (-1.9, 3.7) 2.9 (0.1, 5.8) 3.5 (1.2, 5.9) 
(95% CI) 
Non-seminoma,% 6.7 (4.8, 8.5) 4.6 (2.8, 6.5) 2.8 (1.5, 4.5) 2.9 (0.9, 4.8) 2.5 (1.7, 3.4) 4.7 (1.5, 7.9) 3.1 (-1.3, 7.7) 4.6 (1.0, 8.5) 
(95% CI) 

CI, confidence interval. 
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Table 3. Relative risk and 95% con.ence interval of semi-s and non-semitwmas in 5 year birth cokortsfiom 1916 to 1970 

1916-1920* 1921-1925 19261930 1931-1935 19361940 1941-1945 1946-1950 1951-1955 19561960 l%l-1%5 1966-1970 

seminoma 1.00 0.97 1.29 1.42 1.42 1.25 1.58 
(95% CI) (0.62, 1.32)(0.%, 1.61)(1.09, 1.75)(1.09, 1.74)(0.93, 1.57) (1.26, 1.9) (l.;i:.4) (2.~,8i.16)(2.7:;1:.59) (2.:;:22) 

Non-seminoma 1.00 1.30 1.18 1.70 1.85 1.65 2.29 

(95% CI) (0.73, 1.86)(0.62, 1.73)(1.16, 2.23)(1.32, 2.37)(1.13, 2.16)(1.78, 2.81)(1.9:;4i.98)(3.4~;Oi.53)(4.2:~~.35)(3.8~$9) 

CI, confidence interval; * Reference category. 

DISCUSSION 
The incidence of TC has been increasing in several industrial- 

ised countries during this century, especially in Northern Europe 
and in North America [9, IO]. The highest incidence rates have 
been observed in Denmark, Norway and Germany [lo]. 

The findings in our study on TC in Norway are much like 
those from a previous study from the Danish population [8]: a 
similar distribution of the different histological types within and 
between age groups, as shown in Table 1, indicates a similar 
pattern of manifestation of TC and similar practice of histological 
classification in the two countries. The incidence, however, 
remains somewhat lower in Norway than in Denmark. 

Histology 
At the Norwegian Cancer Registry before 1983, tumours 

with both seminomatous and non-seminomatous elements were 
classified as seminomas if the seminomatous component domi- 
nated. This coding was changed in 1983 allowing strict discrimi- 
nation between pure seminomas and non-seminomas with or 
without seminomatous structures. For the present study, no re- 
classification was performed for the period before 1983, but the 
misclassification was probably of limited significance. 

The main reason for the reduction in the average age at 
diagnosis for both seminoma and non-seminoma patients is that 
the largest increase in incidence rate has occurred in the younger 
age groups. A gradual improvement in patient’s and doctor’s 
delay represents another explanation. The more aggressive 
nature of non-seminomas compared to seminomas is indicated 
through the much lower average age at diagnosis. 

The stage of the TC at time of diagnosis 
The stage allocation of a patient’s cancer disease depends on 

the available diagnostic methods as well as the degree of delay of 
diagnosis and the aggressiveness of the malignant tumour itself. 

During the study period, considerable optimisation of diag- 
nostic procedures has taken place for patients with TC. These 
circumstances have especially influenced stage allocation of the 
more aggressive non-seminomas, and it is thus difficult to give 
an exact statement on the true changes in this histological 
subgroup during the investigation period. Nevertheless, 
changes, if any, have probably been small for non-seminomas. 

There is good reason to believe that the diagnostic delay has 
gradually been reduced in Norwegian patients with TC, similarly 
for seminoma and non-seminoma patients. A short delay favours 
the patient’s presentation with stage I disease, in particular 
the seminoma patients. In patients with the biologically more 
aggressive non-seminoma, metastases seem to occur more inde- 
pendently from the duration of the delay. 

The birth cohort effect 
A very interesting finding in our analysis is the relationship 

between birth cohort and TC, in particular the fall in incidence 

rate for the cohort born during the last World War. The latter 
observation was surprising since it has been claimed that no such 
effect exists in Norway [8]. 

We notice that there is a weak indication of a levelling-off in 
incidence rate for the youngest cohort born in l-1970. The 
same observation has been made in Denmark [ 111. This may be 
a random phenomenon, but hopefully it is not. 

The most interesting observation, however, is a lower inci- 
dence rate than expected for those born during the Second 
World War, and to a lesser extent during the 5 year period before 
the war. This is in accordance with the results from the Danish 
study [8], and strengthens the assumption that this observation 
is real. The observed levelling-off for the cohorts born just 
before the Second World War indicates that any protective 
environmental influence occurring during the war time might 
not only have been effective during fetal life in those individuals 
born during the war, but may also have reduced the risk of 
subsequent TC in early childhood in those boys born in the late 
1930s. Another possibility is that the environmental factors we 
are looking for started to change before the war. 

The marked fall in incidence rate observed during the war 
poses many questions and new approaches to the aetiology of 
TC. Firstly, it strongly indicates that environmental factors are 
of importance. While the Norwegians were occupied by the 
German military forces from 1961945, the life-style changed 
in several ways: import and export of goods were markedly 
reduced [ 121. These circumstances led to changes in daily diet, 
agriculture and industry, reduced use of polluting vehicles and 
increased physical activity. A marked failure in the import of 
food together with changes in agriculture, led to a reduction in 
calorie intake and fat consumption, and an increase in the 
consumption of vegetables and dietary fibre for most Norwegians 
[13, 141. 

A low fat, high fibre diet reduces the concentration of total 
and free oestradiol in blood in man significantly, but affects the 
androgens to a lesser degree [ 15, 161. A correct balance of 
the sex hormones, especially testosterone and oestradiol, is 
important for normal differentiation of the gonadal tissue in 
early fetal life, but it may also cause an increased risk of 
developing in situ carcinoma of the testicle [5]. 

In case-control studies, no connection between smoking and 
TC has been found [ 17, 181. A possible relationship between 
smoking habits in pregnancy and TC, however, has not been 
well studied. From 1920 to 1970, the frequency of smokers 
among fertile women in Norway has increased [ 191. The steepest 
increase has occurred in the second half of the period, therefore, 
accompanying the increase in incidence of TC related to the 
birth cohorts. 

During the 193Os, a period with severe economical problems 
in Norway and high unemployment, the number of births 
decreased [ 121. However, those who married during these years, 
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conceived at an older age [20]. If high age of the mother was an 
important risk factor, it should have led to an increase in the 
incidence of TC during the Second World War, which is the 
opposite of what we have observed. 

Being the first among siblings has been shown to be a possible 
risk factor for development of TC in epidemiological studies [4]. 
Other studies have demonstrated higher maternal levels of free 
oestradiol in the first compared to the second pregnancy [21,22]. 
From 1946 to 1970, the annual number of births in Norway as 
well as the percentage of first born babies have remained almost 
constant [23]. The possible risk factor of being first among 
siblings, has, therefore, probably not contributed to the marked 
increase in incidence of TC among those men born after the war. 

Very interesting, but difficult in the search for aetiological 
factors in the development of TC, is the aspect of contamination 
of the environment. During the last few years, interest has been 
focused on the oestrogenic activity of many chemicals in our 
environment and their possible deleterious effect on repro- 
ductive function in animals and man [24]. 

During the Second World War, contamination was reduced 
in Norway because of a lower industrial activity, a reduced 
import and use of commercial fertilisers, feeding stuff and 
pesticides in agriculture and a reduction in the use of motor&d 
vehicles due to lack of gasoline [ 121. In post-war time, however, 
the use of chemicals both in agriculture and in industry resumed 
in an uncontrolled way. 

If the hypothesis of a causal relationship between oestrogens 
during early pregnancy and the carcinogenesis of testicular 
cancer are justified, it would be of great interest to determine 
how much pregnant women are and have been exposed to 
environmental oestrogen-like substances. The diversity in 
chemical structure of substances with oestrogenic activity [25] 
makes the solution to this problem even more difficult and 
challenging. 
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