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Summary.-The relationship of testicular seminoma with several factors was
explored using a case-control study. Previously recognized associations with
cryptorchidism and infantile inguinal hernia were confirmed and relationships were
also found with cycling and horse-riding. These findings represent the first
relationships of testicular cancer with well-defined postnatal risk factors.

TESTICULAR CANCER is now the most
common neoplasm in men aged 25-34 in
England and Wales (Davies, 1981) and
follows only non-melanoma skin cancer in
Canada (Statistics Canada, 1980). Mortal-
ity in young men has been rising during
this century in a number of countries
(Davies, 1981; Grumet & MacMahon,
1958). Similar increases in incidence have
been reported by several cancer registries
for the age range 15-30 (Muir & Nectoux,
1978; Schottenfeld et al., 1980;
Clemmesen, 1969; Petersen & Lee, 1972).
Current estimates of incidence in British
Columbia indicate that approximately 1 in
400 males will develop testicular cancer
(Cancer Registry, 1975).
The majority of studies of the epidemi-

ology of testicular tumours have used
routinely collected data to analyse the
effects of factors such as social class,
marital status, geography, racial group
and religious preference. Case-control
studies have analysed factors such as
cryptorchidism and other prenatal condi-
tions. Where it was examined, these
studies have shown that, while differences
exist in the age-specific incidence, treat-
ment and prognosis of seminoma com-
pared to other types of testicular cancer,
the relationship to known risk factors is
similar (Morrison, 1976b; Graham et al.,
1977). The present report examines a

number of characteristics of childhood and
adolescence in a case-control study of all
patients treated for seminoma of the testis
at a regional treatment centre in the
period 1970-77.

METHODS AND MATERIALS

One hundred and twenty-eight of 133
patients with testicular seminoma, seen at the
A. Maxwell Evans Clinic in Vancouver,
British Columbia, between 1970 and 1977,
were included in the study. Treatment of this
disease consists of resection followed by
radiotherapy, for which this Centre is the sole
source on the mainland of British Columbia.
All pathology was reviewed routinely at the
Centre by a small group of pathologists and
only patients with seminoma (with no other
histological types noted) were included. For
each patient an age ( ± 2 years) and year of
diagnosis (± 1 year) matched male control
was chosen from other individuals seen at the
same institution with a primary diagnosis of
skin cancer (excluding those located on the
penis or scrotum) or Hodgkin's disease. The
control group comprised of 16 cases of
malignant melanoma, 86 with other skin
cancer and 26 with Hodgkin's disease.

Information was collected in 3 stages. The
medical record of each of the 128 cases and
controls was reviewed by one clerk who
completed an abstract on each. Current
addresses were available for 115 (9000) cases
and 113 (88%) controls; 11 cases and 4
controls were known to be deceased.



A. J. COLDMAN, J. M. ELWOOD AND R. P. GALLAGHER

A questionnaire was sent in July 1979 to the
228 men whose address was known and
completed responses were received from 93
(81%) cases and 90 (80%) controls. A second
and more detailed questionnaire was sent in
October 1980 to each of the respondents to
the first questionnaire. Complete responses
were obtained from 83 (89%) cases and 79
(88%) controls.
Although data were collected on a matched-

pair basis, this did not reflect the stratified
nature of the sampling plan. The data were
analysed in an unmatched fashion in order to
avoid loss of information when one member of
a pair did not respond. This decreased the
likelihood of detecting differences as the
resulting risk ratio is then conservatively
biased. In cases of special interest or where
the initial findings were suggestive, the data
were analysed stratifying for other variables.
Tests of significance were calculated using x2
tests, with continuity correction for the 2 x 2
case. In situations where analysis was made
whilst controlling for other factors, asym-
ptotic maximum likelihood estimates of the
odds ratio were calculated and tests of
significance were made with the Mantel-
Hlaenszel statistic (Breslow & Day, 1980).

RESULTS

Analysis of the responders to the first
questionnaire and to both questionnaires
showed no differences in the age distribu-
tion or year of diagnosis distribution
between case and comparison patients.

In response to the questionnaire, 15/93
seminoma patients reported having had an
undescended testis, compared to 1/90

controls, yielding an odds ratio of 17-12
(P < 0.001) (Table I). The medical records
recorded the undescent in 10 of these
seminoma patients, but the one instance of
maldescent in the comparison subjects was
not recorded. Of the 16 seminoma patients
recorded on the medical record as having
maldescent, 4 were bilateral and of the 12
unilateral cases the tumour was on the
corresponding side in 11. Of the 12
unilaterals, surgical correction had been
performed in 5 and hormonal therapy
resulted in descent in one case. In one
bilateral patient surgery was performed
only on one side, in one unilateral patient
surgery failed, and in another, spontan-
eous descent occurred at age 30. In the
remaining 7 patients no intervention was
recorded.

Table I shows that a significantly
elevated risk was seen in those who self-
reported a history of inguinal hernia. In
those without a history of cryptorchidism
the relative risk was lower (Table I) but if
cryptorchidism was controlled for, the
overall risk was still elevated (O.R. = 2*91,
P = 0.058). The effect of the inguinal
hernia was found to vary strongly with
age at diagnosis with those diagnosed
before age 15 having a much higher risk
(O.R.=7-62, P=0-074) than those diag-
nosed after age 15 (O.R. = 1-89, P = 0.438)
after controlling for cryptorchidism. No
consistent information was available from
the medical record as to the age of
diagnosis of inguinal hernia. For 3 cases

TABLE I.-The numbers, odds ratio, two-sided probability values and 95% confidence
levels for various factors in relation to testicular seminoma

Cryptorchidism (MR)
Cryptorchidism (Q 1)
Inguinal hernia (MR)
Inguinal hernia (Q I)
Inguinal hernia with no

cryptorchidism (Q 1)
Ever worked at a filling station

(Qi)
Ever worked in the printing

industry (Q 1)

Number of
cases
16
15
25
19
13

18

7

Number of
controls

0
1

10
6
6

Odds
ratio
00
17-12
2-86
3-60
2 77

Probability
value
0*0001
00009
0-011
0-013
0 077

6 3-36 0-021

1 7-24 0 079

95% confidence
interval

(4-66, oo)
(2-28, 365 82)
(1- 24, 6 74)
(1-27, 10-69)
(0 - 91, 8 70)

(1-18, 10-05)

(0 - 87, 162 25)

MR refers to the medical record and QL to the first questionnaire as sourees. When the estimate of the
odds is infinite, one-sided intervals are reported.
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TABLE II.-The numbers, odds ratio, two-sided probability values and 95% confidence
levels for various factors in relation to testicular seminoma

Cycling (Q I)
Horse-riding (QI)
Motorcycling (Q 1)
Soccer (Q 1)
Cycling and horse-riding (QI)
Cycling for sport or recreation

as a teenager (Q2)
Cycling to school as a teenager

(Q2)
Frequent horse-riding (Q2)
Groin injury whilst horse-

riding (Q2)

Number of
cases

44
25
16
18
16
62

40

21
5

Number of
controls

28
9

15
16
5

49

Odds
ratio
1 99
3 -31
1 -04
1*11
4-56
1-81

Probability
value
0 037
0-006
0-919
0 933
0-008
0-118

27 1-79 0 090

11 2 09 0-106
0 0 079

95% confidence
interval

(1-04, 3-81)
(1-36, 8 25)
(0 43, 2-41)
(0 50, 2 50)
(1-41, 15-65)
(0 - 88, 3-75)

(0- 91, 3 55)

(0- 88, 5 08)
(1 -116, oo)

Q1 refers to the first questionnaire and Q2 to the second questionnaire as the sources of information. When
the odds ratio is infinite, one-sided confidence intervals are reported.

and one control the inguinal hernia
reported on the questionnaire was not
noted on the medical record.
A detailed occupational history was

obtained for all jobs held in excess of one
year and respondents were also asked to
indicate on a check list whether they had
ever worked in any of the following
industries or occupations: oil drilling or
exploration; oil refining; petroleum filling
station; rubber or plastic manufacture;
highway paving; dyeing or dye manufac-
ture; mining; leather tanning; printing;
truck driving; blast furnace; motor mech-
anic or metal machinist. Elevated risks
were associated with work at a filling
station and work in the printing industry
(Table II). History of work as a plumber or
pipefitter, woodworker or sawmill worker,
electrician and teacher were also compared
by case control status but no statistically
significant differences were found.

Using the occupational history informa-
tion, 4 indices were developed for each of a
number of possibly carcinogenic sub-
stances or exposures. The first two of these
were based on the occupation reported by
the subject and the second two on the
industry in which he worked. For each pair
of indices, one was categorical and indi-
cated ever/never exposure and the other
reflected accumulated exposure time.
Indices were developed for exposure to
radiation, petroleum products, plastic or

rubber processing, inks and dyes and
pesticides. None of these measures showed
significant differences between seminoma
patients and controls.

Questions were asked about regular
sports and physical recreation, with par-
ticular reference to cycling, horseback
riding, motorcycling and soccer (Table II).
No associations were seen with motor-
cycling or soccer. The relationships seen
with cycling was maintained after control-
ling for cryptorchidism (O.R. = 1-91,
P = 0.062), juvenile onset inguinal hernia
(O.R. = 1 85, P= 0 070) and after stratifi-
cation for age (O.R. = 1-98, P= 0.044) and
year at diagnosis (O.R. = 1-96, P = 0 048).
The second questionnaire asked about
cycling at different periods of life. No
statistically significant associations were
found for any aspect of cycling. However,
a consistent pattern of elevated risks was
seen for various measures related to
cycling as a teenager (Table II). Risk
ratios for the same variables at other
periods of life were all close to unity.

Participation in horse-riding was re-
ported by 25 seminoma patients and 9
comparison subjects, giving an odds ratio
of 3-31 (P=0.006). A similar question
repeated in the second questionnaire
defined participation as at least once per
month for one year or more, where 21
seminoma patients and 11 comparison
patients replied affirmatively. No relation-
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ship to riding at specific ages was seen, and
the mean duration of participation in
hores-riding was similar in the seminoma
group (mean = 7 5 years) and comparison
group (mean= 7 0 years). This association
was not substantially affected by control-
ling for cryptorchidism (O.R. = 2 76,
P=00031, juvenile onset inguinal hernia
(O.R.= 3-19, P=0010) or after stratifica-
tion for age (O.R. = 3-44, P = 0.007) and
year at diagnosis (O.R. = 3 39, P = 0.007).
Controlling for cycling did not greatly
affect the risk ratio (O.R. = 3-21) for
horse-riding although controlling for
horse-riding did reduce the risk ratio
(O.R. = 1P80) for cycling.
A variety of questions were asked about

smoking habits. No relationship was seen
between case-control status for any of the
variables; smoking behaviour, number
smoked per day, number of years smoked
or tobacco product used. The first ques-
tionnaire also asked for information rela-
ting to sexual history. No statistically
significant differences were found for a
categorical variable indicating the number
of sexual partners or the age at first
sexual intercourse (mean age case= 19 2
years, controls= 18 7; 20 missing observa-
tions). No relationship was found with
marital status or number of live born
children at the time of diagnosis. No
statistically significant differences were
found in either the sibship size of the cases
or the age of either parent at the birth of
the subject. Information was also obtained
on a variety of infectious diseases (includ-
ing mumps, syphilis, gonorrhoea) and
various conditions indicative of hormone
imbalance (diseases of pituitary, adrenal
cortex). No statistically significant associa-
tions were found with any of these
conditions.
Using the address given upon referral

there was no difference in cases by
urban-rural residence, with 36% of cases
and 35% controls coming from locations
with < 50,000 inhabitants. Socio-economic
status was measured via occupation re-
ported at diagnosis using the scale devel-
oped by Blishen (1958) and also using the

Register General's 5-point scale. No
relationship was seen between case-control
status and socio-economic status as
measured by either scale.

DISCUSSION

All retrospective case-control studies are
open to a number of biases. In order to
obtain a moderately large study we
included all patients seen over a long
period (1970 to 1977) who were still alive
at the time of the study. This could
introduce bias if survivors differed from
non-survivors, but, in this instance, such
survivorship bias is likely to be small since
the survial rates of testicular seminoma
are high, 91O% at 5 years (Jackson et al.,
1980), and there is no indication that any
of the factors under study have prognostic
importance in seminoma. We believe that
the great majority of patients with this
disease would have been seen at this clinic.
One hundred and seventy-five cases of
seminoma were reported to the Provincial
Cancer Registry in this period, which
would also include many cases of mixed
histology. The response rates to our
questionnaires were reasonably high,
although we had missing information on
home addresses for a higher proportion of
controls than for seminoma patients be-
cause of the less intense follow-up
employed for cases of skin cancer at this
centre. This was balanced by the higher
mortality rate amongst cases so that the
number of cases and of controls potentially
available to the study was similar. All
questions were directed to the period prior
to diagnosis and there exists the possibility
of confusion on this point. Information
such as family size, marital status, age,
etc., which were available on the medical
record were cross-tabulated with the
questionnaire responses. Excellent agree-
ment was found indicating that the
subjects were reporting events from the
appropriate period.
A relationship between testicular mal-

descent and testicular cancer has been
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recognized for many years (Blandy et al.,
1970), and estimates of the risk ratio vary
between 2-5 (Schottenfeld et al., 1980) and
14 (Mostofi, 1973). Where the histological
subgroups have been separated, a stronger
relationship with cryptorchidism has been
consistently shown for seminoma than for
other testicular cancer, with risk ratios of
15*6 compared to 5-3 (Morrison, 1976b),
and 13-6 compared to 7-2 (Miller &
Seljelid, 1971). The risk ratio we have
found (17.1) is similar to these other
studies. The different magnitude of the
relative risk for various histologic sub-
types goes some way to explaining differ-
ences in risk estimates in different studies.
Thus, Schottenfeld et al. (1980) found a
risk ratio of 2*5 in a series containing few
seminomas and Miller & Seljelid found a
risk ratio of 10 in their series of which 58%
were seminoma.
Recent case-control studies (Schotten-

feld et al., 1980; Henderson et al., 1979), of
testicular cancer in young men, have
found comparatively high rates of crypt-
orchidism in both cases and controls. This
has led to the suggestion (Schottenfeld et
al., 1980) that cryptorchidism is increas-
ing. Although this may well be true, it is
possible that the interview rather than the
medical chart review may lead to higher
(although possibly more accurate) esti-
mates of the frequency of cryptorchidism.
In our study of the 15 testicular tumour
cases who self reported cryptorchidism,
this was present in the medical records of
12 of them. Although this difference is not
large it must be remembered that this
result is in a group where this factor would
be looked for by the clinician.
An operation for inguinal hernia before

the age of 15 has been previously described
as a risk factor independent of cryptor-
chidism with an estimated relative risk of
2*9 (Morrison, 1976b). Although the odds
ratio we found was higher, it was based
on rather small numbers. In other studies
in which it has been examined (Schotten-
feld et al., 1980; Henderson et al., 1979) the
relative risks obtained have not been
statistically significant, although all four

studies are consistent with an elevated risk
of about 2-3-fold. There were too few (6)
cases of infantile inguinal hernia to
examine the relationship between side of
hernia and side of tumour in those not
having cryptorchidism. We found no
relationship with adult inguinal hernia or
any differences in work absences associ-
ated with strain which would be likely to
lead to such a hernia.

Inguinal hernia in infants and young
children is nearly always due to incom-
plete obliteration of the processus vaginatis
(Nyhus & Bombeck, 1972), unlike adult-
acquired inguinal hernia. Failure of the
testes to descend from their abdominal
position into the scrotum and failure of
obliteration of the processus vaginalis,
which normally occurs subsequent to
descent, may be viewed as two aspects of
failure of the same process. This indicates
a shared aetiology for both these abnor-
malities and it is possible that the
aetiological factors involved may also
affect the subsequent risk of testicular
cancer. It has been shown that the risk of
testicular cancer is elevated not only in
maldescended testes, but in the normal
testis of patients with unilateral mal-
descent (Henderson et al., 1979). From this
it has been inferred that systemic factors
involved in the aetiology of cryptorchi-
dism are also involved in the aetiology of
testicular cancer. It has been suggested
(Henderson et al., 1979) that such a
systemic factor may be an excess of
various hormones, particularly oestrogen,
during pregnancy. The likely effect of such
a risk factor is difficult to assess given a
lack of knowledge as to its prevalence of
the condition. If we assume the ectopic
and systemic effects of cryptorchidism are
independent, then the 20% (Hogan &
Johnson, 1976) frequency of contralateral
tumours would lead one to estimate that
40% of tumours in cryptorchic individuals
were due to such systemic effects. If this
hypothesis was extended to the aetiology
of infant onset inguinal hernia, a further
8% of seminoma may be attributable to
this underlying cause. This hypothesis also
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has strong clinical implications as it would
suggest that orchiopexy at any age would
not reduce the risk of testicular cancer in
individuals with cryptorchidism to that of
other men. In this situation reliable
information on the effect of age at scrotal
placement of maldescended testis and
subsequent testicular cancer risk (in
either testis) would be extremely useful
(Martin, 1979).
The question of the role of trauma in the

aetiology of testicular cancer, as in many
cancers, has been raised previously
although no reliable evidence is available
on the issue. Trauma may understandably
act as a trigger for diagnosis (Blandy et al.,
1970). It is clearly difficult to assess

trauma in a retrospective study because of
the likelihood of considerable recall or

reporting bias and our own finding of more
frequent groin injury whilst horseback
riding cannot be definitively interpreted.

However, it does not seem as likely that
responses to questions asking about rela-
tively common physical activities and
recreation would be answered in different
ways by testicular cancer patients as by
controls especially as we found no differ-
ence in the reported history of motor-
cycling, soccer and groin injuries at work,
between our cases and controls. We know
of no other study which has looked at
recreational habits which could logically
be related to potential trauma to the
scrotum. Thus, the relationships seen in
this study with the history of cycling and
horseback riding deserve further investiga-
tion. Both these activities may expose the
scrotum to direct and persistent trauma
which is unlikely to be met in other
situations and both involve close contact
with leather or similar products which
may have been treated with a range of
chemical dyes and weather-proofing
materials. Cycling has been reported to
cause acute testicular torsion (Jackson &
Craft, 1978), mild forms of which could
possibly be associated with subsequent
testicular cancer risk. The association seen

with cycling and horseback riding
appeared to persist after control for

cryptorchidism and for infantile inguinal
hernia.
Apart from the well-recognized associa-

tions with upper socio-economic groups,
there are few reports of occupational
associations with testicular cancer. Our
findings of an association with working in
a petrol station and in the printing
industry are derived from responses to a
check list of 15 occupations, raising the
possibility that these associations, while
statistically unlikely, may represent
chance findings. Milham (1976), in review-
ing death certificates from the State of
Washington, also found an elevated
Proportional mortality ratio for cancer
of the testis in an occupational group
which included service station attendants;
no elevation was seen for employees
in the printing industry. None of the
relationships he found with work as
either an electrician, plumber or sawmill
worker, was statistically significant in
this data set, although greater numbers
of each occupation were seen among
the cases compared to controls. Skilled
trades and occupations with high socio-
economic status frequently represent a
lifetime vocation and in small studies it
is difficult to detect associations between
these and disease. Conversely, jobs requir-
ing little or no training are more likely to
have been held by a greater number of
people and, for a similar level of risk, such
relationships are easier to detect in a study
of this size. No relationship was found with
petroleum exposure based on at least one
year's occupational contact. This would
seem to suggest that either the finding for
service station attendants is very specific
or spurious.

Previous studies have found that race
(Ross et al., 1979; Petersen & Lee, 1973;
Morrison, 1976a; Mustacchi & Millmore,
1976), socio-economic status (Davies,
1981; Graham et al., 1977; Ross et al.,
1979; Petersen et al., 1977; Mustacchi &
Millmore, 1976), religious affiliation
(Graham et al., 1977, Morrison, 1976a) and
urban-rural residence (Clemmesen, 1969;
Graham et al., 1977), can all affect
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testicular cancer risk. Chinese people seem
to experience a somewhat lower incidence
than whites in the same community
(I.A.R.C., 1976), although this could not
be demonstrated in British Columbia. A
relationship with religious affiliation has
been found, although the direction of this
relationship has been found to differ
(Graham et al., 1977; Morrison, 1976a;
Mustacchi & Millmore, 1976). Similarly,
high rates found in rural communities,
compared to their urban counterparts in
England (Lipworth & Dayan, 1969) and
New York (Graham et al., 1977) are
reversed in Denmark (Clemmesen, 1969).
No statistically significant relationship
was seen with either religious preference
or urban-rural residence at diagnosis in
these data. Judging by the frequency with
which some of the seminoma patients
changed their address, it may be that
residence at diagnosis is not a useful
measurement.
The well-known direct relationship be-

tween socio-economic status and testicular
cancer risk was not found in this data set.
The reason for this is unknown although
cross-tabulation suggests that it is due, in
part, to the inclusion of cases of Hodgkin's
disease and malignant melanoma in the
control group, which both have a similar
association. This would tend to reduce
differences between the two groups for
factors correlated with socio-economic
status, and is unlikely to produce any
spurious associations.

CONCLUSION

In conclusion this case-control study has
reaffirmed risk factors for testicular cancer
(cryptorchidism and infantile inguinal
hernia). Two new risk factors were indica-
ted, being cycling and horse riding. The
effect of cycling was most consistently
related to seminoma when carried out
during the teenage years. No dose-
response effect was seen with either
exposure. It would seem that each of these
factors deserve further attention as they
may represent the first risk factors deline-

ated for testicular cancer which are not
present at birth.
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