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Testicular cancer, cryptorchidism,
inguinal hernia, testicular atrophy, and
genital malformations: case-control
studies in Denmark
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To explore risk factors for testicular cancer and cryptorchidism, two parallel case-control studies were conducted in
Denmark. The testicular cancer study was population-based and included 514 cases and 720 controls. The cryptorchid-
ism study included 387 cases and 416 controls and was based on two hospital series of men treated for cryptorchidism
and a control group sampled among residents in the Copenhagen area. The 2,037 men were interviewed by telephone.
The relative risk (RR) of testicular cancer in men with treated or persisting cryptorchidism was 3.6 (95 percent con-
fidence interval =1.8-6.9), but no increase in risk was seen in the six to seven percent of the men who reported a history
of undescended testes that descended spontaneously. The RR in men who were treated for cryptorchidism increased
with age at treatment. This effect may be due wholly or in part to increased treatment of boys with testes that would
have descended spontaneously if they had not been treated. Cryptorchidism and inguinal hernia may be confused and
reported interchangeably. In the absence of cryptorchidism or testicular atrophy, clinical inguinal hernia was not
associated with testicular cancer. Testicular atrophy was associated with both testicular cancer and cryptorchidism.
Associations with other congenital malformations were few and based on small numbers. Cancer Causes and Control
1996,7, 264-274
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Introduction

14,17,18 ..
testes.™”® A number of rare abnormalities also have

been associated with an increased risk, including testicu-
. 19 ,20, . 22 :
lar torsion, hydrocele,7 %2 varicocele,”? x-linked

Testicular cancer is the most common type of cancer in
young men in Denmark. The incidence rate in the Dan-

ish population is among the highest in the world, and
24-26

increased from 31 per 100,000 around 1945 to 89 per
100,000 around 1990." The etiology of testicular cancer is
poorly understood, and the only commonly occurring,
consistent risk factor is cryptorchidism, i.e., undescended
testes.”™® Among less consistent risk factors are certain
other malformations or abnormalities of the genital
organs, including inguinal hernia,”>”"® and atrophic

ichthyosis,” and different intersex conditions.

These findings, together with the descriptive epide-
miologic data' and biologic insights in the process of tes-
ticular carcinogenesis,”’ suggest that important etiologic
factors for testicular cancer operate during the period of
embryonic development. Case-control studies have
shown associations with factors relating to the man him-
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self and with factors relating to his mother, such as exo-
genous estrogens or excessive nausea durziglg the preg-
nancy,” bleeding during the pregnancy,” high body
weight of the mother® , being the firstborn child of the
mother,”>* premature birth,3! low birth weight,>*® early
puberty of the man,™"® orchitis,”""'? sexually transmitted
diseases,” testicular trauma,>"**? and a sedentary life-
style of the man.'®

In men with unilateral cryptorchidism, it has been
found that there is an increased risk of testicular cancer
in the normally descended testis, but the relative risk
(RR) is not as high as in the non-descended
one 12134163334 Burther, epidemiologic studies of risk
factors for cryptorchidism have suggested a pattern of
prenatal risk factors similar to testicular cancer, eg., high
levels of estrogens in the first trimester,”” > high bod
weight of the mother,’*”” bleeding in the pregnancy,™
threatened abortion,*! premature birth?7:3%4042  |ow
birth weight, 640445 being the first-born child of the
mother,*** hypospadias,***® and inguinal hernia.***
These similarities suggest that the association between
cryptorchidism and testicular cancer may be due to the
existence of causal factors which are common to the two
diseases. Henderson e al” suggested that exposure of the
male embryo to estrogens could be one such possible
common risk factor.

To explore common risk factors for testicular cancer
and cryptorchidism, two case-control studies were con-
ducted in parallel in Denmark. One was a population
based case-control study of testicular cancer in the entire
population of Denmark; the other was a case-control
study with hospital based case ascertainment and popula-
tion based sampling of controls in the Copenhagen area.

Materials and methods
The following four groups of men were approached:

() Testicular cancer cases. Cases were identified in the
Danish Cancer Registry which since 1943 has re-
corded information on all cases of cancer in the Dan-
ish population.* We attempted to include as cases all
men born in Denmark in the period from 1916 t0 1970,
who were given a diagnosis of testicular cancer in
Denmark in the period 1986-88. Men with multiple
occurrences of testicular cancer after 1986 were in-
cluded in the study by the first tumor. Men who had
had a first occurrence of testicular cancer before 1986
were not considered eligible;

(ii) Controls, frequency matched to the testicular cancer
cases by year of birth. These men were identified in
the Danish Central Population Register, which since
1968 has kept a computerized roster of the Danish
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population. The sampling frame consisted of all men
born in Denmark between 1916 and 1970, who were
alive at the time of inquiry. Men who had had testicu-
lar cancer diagnosed before 1986 were not considered
eligible. Men with testicular cancer in 1986-88 were in-
cluded as cases and were not considered eligible as
controls;

(iii) Cryptorchidism cases. No population-based registry
of men with cryptorchidism exists in Denmark, and
these men were therefore identified through two hos-
pital-based case series, previously described."™** The
first series (Series 1) consisted of 506 consecutive pa-
tients hospitalized for cryptorchidism in the period
1949-60 at Rigshospitalet in Copenhagen.”® The sec-
ond group (Series 2) consisted of 300 men who were
admitted to one of three surgical departments in the
Copenhagen area between 1964 and 1976, and who be-
tween 1984 and 1987 participated in a clinical study of
testicular carcinoma in sitx in adult men previously
treated for cryptorchidism.*” The men were consid-
ered eligible for the present study if they were born
in Denmark between 1946 and 1970, alive at the time
of inquiry, and not diagnosed with testicular cancer
prior to 1988;

(iv) Controls, frequency matched by year of birth to crypt-
orchidism cases. These men were identified in the
Danish Central Population Register. They had to be
born in Denmark between 1946 and 1570 and had to
be alive and residents of the greater Copenhagen area
at the time of inquiry.

There were 698 incident cases of testicular cancer in
Denmark in the period from 1986 to 1988 in men born
from 1916 to 1970. Of these, 584 were approached and
514 participated. The reasons for not approaching 114
men were: 52 (seven percent) were dead; 23 (three per-
cent) were born outside Denmark; three (zero percent)
had emigrated; six (one percent) had had testicular ean-
cer before 1986; 19 (three percent) were notified to the
Danish Cancer Registry too late to be identified; and 11
(two percent) were missed in the manual retrieval of no-
tification forms in the Cancer Registry. The interviewed
testicular cancer cases cover 74 percent of the relevant
total incidence of testicular cancer in Denmark, and the
participation rate (interviewed /approached) among cases
was 88 percent. Among 1,049 testicular cancer controls
who were approached, 720 (69 percent) agreed to partici-
pate and were interviewed. According to the histology
data collected routinely at the cancer registry, the 514
cases included 262 men with seminoma, 239 with non-
seminoma and 13 with other or unspecified testicular
cancers. Fifty-four and 46 percent of the tumors were in
the right and left testis, respectively.

Cancer Causes and Control. Vol 7.1996¢ 265



H Maller et al

Of the 806 cases of cryptorchidism available, 549 were
born in the period 1946 to 1970. Of these, 506 were ap-
proached and 387 (76 percent) participated. Of the 43
men who were not approached, 23 were dead at the time
of inquiry, 11 had emigrated, three were born outside
Denmark, and six had had testicular cancer in 1988 or
earlier. As cryptorchidism controls, 556 men were ap-
proached and 416 (75 percent) participated.

All men were contacted by mail and asked to return a
form on with they could indicate their telephone number
and a convenient time to be called, or refuse to partici-
pate. Nonrespondants were sent a reminder and addi-
tionally were contacted by telephone if possible.
Telephone interviews lasting 20 to 30 minutes were con-
ducted in 1989-90 by specially trained personnel. The in-
terview form provided a list of short, concise questions to
be asked in a similar fashion to all participants. It was not
possible to blind the interviewers with respect to the
case-control status of the participants. The present article
describes the analysis of information on cryptorchidism
(‘one or both testes not descended to the scrotum in early
childhood’), inguinal hernia (2 rupture in the groin
ared), testicular atrophy (‘one testis much smaller than
the other’), and other congenital malformations of the
genital organs or other organs. The information was sub-
stantiated further with questions about laterality and
treatment of the conditions, and the age at which they
occurred.

The data were analyzed using contingency tables and
unconditional logistic regression analysis.® Controls
were frequency-matched to the cases, and the stratifica-
tion variable year-ofbirth (in nine categories) was in-
cluded in all statistical analyses. The logistic regression
analysis provides the odds ratio (OR) associated with a
given risk factor or level of a categorical variable, along
with its 95 percent confidence interval (CI). The ORs
are estimates of the incidence rate ratio between indivi-
duals exposed to a given risk factor and unexposed indi-
viduals. Statistical tests for trends over several categories
were carried out by assigning values 1, 2, 3, etc. to succes-
sive categories and including the resulting single variable
in the regression analysis. Separate ORs for the effects of
ipsilateral and contralateral cryptorchidism were calcu-
lated by a simple partitioning of the relative risk in uni-
lateral cryptorchidism as described by Henderson et .’

The population basis of the testicular cancer study en-
sures comparability of the cases and controls. This is not
the situation in the cryptorchidism study in which the
cases were residents in Copenhagen when they were chil-
dren and the controls were residents in the Copenhagen
area at the time of interview. The results for this study
therefore were checked by restriction of the analysis to
cryptorchidism cases and controls who, in the interview,
stated that they were born in Copenhagen or had lived
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the greater part of their childhood there. In order not to
compromise the population-based design of the testis
cancer study, it was decided not to combine the two con-
trol groups.

A date of diagnosis was available for the testicular can-
cer cases. Men in the other three groups were assigned a
date of diagnosis with a distribution equivalent to that
among the testicular cancer cases, and all time-related ex-
posures were truncated to the time before testicular can-
cer diagnosis in the cases or to the equivalent point in
time for men in the other three groups.

Results

The association between testicular cancer and cryptorch-
idism is analyzed in Table 1. A history of cryptorchidism
was reported by 15.8 percent of testicular cancer cases
and 96 percent of controls, giving an OR of 16
(CI=1.2-2.3) When cryptorchidism was subdivided into
treated or persisting conditions and spontaneously des-
cended testes, the increased risk was concentrated on
treated or persisting cryptorchidism (6.6 percent of cases,
18 percent of controls; OR =3.6; CI=18-6.9), while
there was hardly any increase in risk associated with
spontaneously descended testes (8.0 percent of cases, 6.7
percent of controls; OR =12, Cl =0.8-19).

Analysis by age at the time of treatment for cryptorch-
idism showed a tendency of increasing OR with increas-
ing age (P=0.07). A persisting non-descended testis in
particular, was associated strongly with risk of testicular
cancer (nine cases; one control; OR =144, CI=18-
115.3).

The increased risk associated with treated or persist-
ing cryptorchidism was higher in bilateral than in unilat-
eral cryptorchidism (ORs were 4.9 and 2.9, respectively).
Of the 21 cases with unilateral cryptorchidism, the can-
cer occurred in the undescended (ipsilateral) testis in 14
cases and in the normally descended (contralateral) testis
in seven cases. The estimated relative risks (RR) of testi-
cular cancer were, therefore, 39 in the ipsilateral testis
and 19 in the contralateral testis. The associations with
non-seminoma and seminoma were similar. In men with
spontaneously descended testes, there was a tendency of
increasing risk of testicular cancer with increasing age at
spontaneous descent, but the trend was not statistically
significant.

Table 2 shows the results regarding associations be-
tween testicular cancer and inguinal hernia and testicular
atrophy. Inguinal hernia was associated weakly with tes-
ticular cancer overall (11.3 percent of cases, 9.3 percent of
controls; OR =14, CI =1.0-2.1), but when restriction
was made to reported inguinal hernia in the absence of
cryptorchidism or testicular atrophy, the association dis-
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Table 1. Testicular cancer risk in relation to cryptorchidism, Denmark

Cryptorchidism Cases Controls OR® (o)
(n=514) (n=720)
% %
No 78.2 83.2 1.0 —
Yes 15.8 9.6 1.6 (1.2-2.3)
Treated or persisting cryptorchidism 6.6 1.8 3.6 (1.8-6.9)
Age at time of treatment (yrs)
0-9 04 0.3 1.1 (0.2-8.2)
10-14 341 1.0 29 (1.2-7.1)
15+ 14 0.4 35 (0.9-13.8)
Persisting 1.8 0.1 14.4 (1.8-115.3)
P=0.07°
Extent of cryptorchidism
Bilateral 21 04 49 (1.3-18.1)
Unilateral 41 1.4 29 (1.3-6.3)
Unknown extent 04 0.0 — —
Histologic type
Non-seminoma 6.7 1.8 33 (1.5-7.4)
Seminoma 6.5 1.8 38 (1.8-8.1)
Other and unspecified 7.7 1.8 4.6 (0.5-40.8)
Spontaneously descending testes 8.0 6.7 1.2 (0.8-1.9)
Age at time of spontaneous descent (yrs)
0-9 1.9 22 0.8 (0.4-1.9)
10-14 3.1 26 1.3 (0.6-2.5)
15+ 1.2 0.6 21 (0.6-7.6)
Unknown age 1.8 13 — —
P=017
Extent of cryptorchidism
Bilateral 1.2 15 08 (0.3-2.3)
Unilateral 51 3.6 1.4 (0.8-2.4)
Unknown extent 18 15 — -
Histologic type
Non-seminoma 9.2 6.7 (0.8-2.5)
Seminoma 73 6.7 . (0.6-1.9)
Other and unspecified 0.0 6.7 — —
. Unknown status of freatment/descent 1.2 1.1 — —
Unknown cryptorchidism 6.0 72 — —

2 OR =odds ratio.
b C1=95% confidence interval.

¢ The categories ‘15 and ‘persisting’ were combined in the trend test.

appeared (OR = 09, CI = 0.5-1.4). Testicular atrophy was
associated with testicular cancer risk (OR=32,
CI =2.3-45), and this association persisted after restric-
tion to men who did not report cryptorchidism or ingu-
inal hernia (12.1 percent of cases, 5.7 percent of controls;
OR = 2.8; CI =1.8-4.2). The smaller, atrophic testis was
equally often the contralateral and the ipsilateral one;
hence, the estimated RR applies to both testes. The asso-
ciation between testicular atrophy and testicular cancer
depended on age at diagnosis. In men born 1916-45,
1946-55 and 1956-70, the RRs were 4.6, 2.5, and 1.7, respec-
tively.

Self-reported hydrocele occurring after the age of 20
years was associated with testicular cancer. Varicocele be-
fore the age of 20 years tended to be associated with tes-

ticular cancer but the RR of 4.8 (CI = 0.5-43.6) was based
on four cases only. There was no significant association
with testicular torsion, hydrocele before the age of 20,
varicocele after the age of 20, phimosis, hypospadia or
other congenital malformations.

The results of the case-control study of cryptorchid-
ism are described in Tables 3 and 4. Table 3 describes the
frequency of self-report of cryptorchidism in these men
who are known to have been treated for cryptorchidism.
In the men from Series 1, 82.8 percent reported cryp-
torchidism and 790 percent reported treated or persist-
ing cryptorchidism. Sixteen percent in this series
reported no history of cryptorchidism. In Series 2, the
distribution was different, with 970 percent reporting
cryptorchidism, 90.0 percent reporting treated or persist-
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Table 2. Testicular cancer risk in relation to inguinal hernia, testicular atrophy and other

conditions and malformations, Denmark

Cases Controls OR? cne
(n=514) (n=720)
% %
inguinal hernia

No 87.0 90.3 1.0 —

Yes 1.3 9.3 1.4 (1.0-2.1)
With cryptorchidism or testicular atrophy 58 1.7 3.7 (1.9-7.4)

Age in years:

0-9 29 0.4 6.4 (1.8-22.5)

10+ 27 1.1 3.0 (1.2-7.3)

Unknown age 0.2 0.1 — —

Without cryptorchidism or testicular atrophy 54 7.6 0.9 (0.5-1.4)

Age in years:

0-9 21 26 08 (0.4-1.7)

10+ 33 4.6 1.0 (0.5-1.9)

Unknown age 0.0 0.4 — —
Unknown inguinal hernia 1.8 04 — —

Testicular atrophy

No 70.4 87.1 10 —

Yes 21.8 85 3.2 (2.3-4.5)
With cryptorchidism or inguinal hernia 9.7 28 4.2 (2.4-7.1)
Without cryptorchidism or inguinal hernia 12.1 57 28 (1.8-4.2)

Unknown testicular atrophy 78 44 — —

Testicular torsion 21 33 0.5 (0.3-1.1)
Hydrocele

Age in years:

0-19 1.4 1.0 1.3 (0.5-3.8)

20+ 1.2 0.1 10.4 {1.2-88.4)

Unknown age 04 0.0 — -

Varicocele

Age in years:

0-19 08 0.1 48 (0.5-43.6)

20+ 1.4 08 1.9 (0.6-5.7)

Unknown age 0.0 01 — —

Phimosis 7.6 6.9 1.0 (0.7-1.6) .
Hypospadias 04 0.0 — —
Cther genitat matformations 0.6 0.8 0.7 {0.2-2.9)
Malformations of any other organ 4.1 56 0.7 (0.4-1.3)
2 OR =odds ratio.
b C1=95% confidence kinterval.

ing cryptorchidism, and only 3.0 percent reporting no  Discussion

history of cryptorchidism. The distribution of answers
in the cryptorchidism controls was similar to the distri-
bution in the population based controls (Table 1).

Both inguinal hernia and testicular atrophy was asso-
ciated with cryptorchidism (Table 4). The association
with inguinal hernia, however, was much stronger in Ser-
ies 1 (OR =10.3) than in Series 2 (OR =1.8). An associa-
tion was seen between phimosis and cryptorchidism
(OR =16, CI=10-2.5), and there were tendencies to-
wards associations with hypospadia (OR = 4.8, CI = 0.5-
43.1) and congenital malformations of organs other than
the genital organs (OR =17, CI = 1.0-3.0). The latter ex-
cess was not due to any particular type of malformation.
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Cryptorchidism and testicular cancer

The present data confirm the well-known association be-
tween cryptorchidism and testicular cancer. We note that
the excess risk of testicular cancer is confined to the con-
dition of treated or persisting cryptorchidism, and there
is no association between spontaneously descended testes
and testicular cancer’ risk. Another case-control study
of testicular cancer that was based on information from
records from school health examinations found RRs of
5.2 (CI = 2.1130) for treated or persisting cryptorchidism
and 1.2 (CI = 0.6-2.6) for spontaneously descended testes.
A survey of these school health-examination records in-



dicated cryptorchidism in 7.0 percent of 2,516 boys,
which is comparable to our interview data.””

It is of particular interest to note the very high propor-
tion (six to seven percent) of men in the Danish popula-
tion who have a history of cryptorchidism, but in whom
the testes descended spontaneously without any treat-
ment. We are not in a position to clarify the exact nature
of this condition. It may be similar or identical to ascend-
ing testes.” ‘retractile testes,”™ or ‘late descending
testes,® Some of these testes may not be truly ectopic,
but merely located in a high position in the scrotum.
Others may be ascending testes, i.e., testes that were in
the scrotum at the time of birth, but have ascended to a
position high in the scrotum or at a position above the
external ring. The existence of ascending testes is beyond
doubt, but little is known about how frequently it occurs.

Villumsen and Zachau-Christensen>? studied records
of 4,300 boys who had the testes normally descended at
birth and found, by examination at the age of three years,
that 69 boys (1.6 percent) had one or both testes in an
ectopic position. The investigators stated that they only
considered a testis ectopic after painstaking attempts at
manipulating the testis down into the scrotum. In a re-
view of several studies, Scorer and Farrington® con-
cluded that the apparent incidence of undescended testis
in schoolboys was around six percent, with large varia-
tion between observers (two to nine percent). They sug-
gested that the majority of these cases were testes that
had been descended around the time of birth, but had
later retracted (most commonly at the age of five to six
years), and stated that such retracted testes in all cases
descend again before or at the time of puberty. Our
case-control data and the data from school health-exam-
ination records on ‘spontaneously descended testes’ fit
well with the pattern of events suggested by Scorer and
Farrington.

The high prevalence of spontaneously descended

Testicular cancer and cryptorchidism

testes, and the increasing prevalence of men with treated
cryptorchidism are important for our understanding of
the strength of the association between cryptorchidism
and testicular cancer, as well as the influence of the age
at the time of treatment for cryptorchidism on the esti-
mated RR. Our RR estimate of 3.6 (CI =1.8-6.9) is lower
than some®>* 723! byt not all*® estimates from pre-
vious case-control studies, but agrees well with the results
from another recent, large case-control study in the Uni-
ted Kingdom that reported an RR of 3.8 (CI =2.2-6.5)¢
Two prospective cohort studies of the association be-
tween cryptorchidism and testicular cancer have yielded
estimates of 4.7 (CI =17-10.2) and 7.4 (CI =20-190),"*"
but both were based on a small number of cases. We pro-
pose that the move towards treatment of boys with cryp-
torchidism at an early age®® may have contributed to the
somewhat low RRs found in the most recent case-control
studies. As, in the most recent years, more boys are trea-
ted at a young age, an increasing proportion of those
treated may have had retractile testes that would have
descended spontaneously if the boy had not been treated.
Since these boys with spontaneously descended testes are
at no increased risk of testicular cancer, their inclusion in
the group classified as cases of cryptorchidism will have
led to a dilution of the effect of true cryptorchidism.
Our data suggest that the increased risk of testicular
cancer in men treated for cryptorchidism may depend
on the age at the time of treatment for cryptorchidism.
The excess risk seems to be stronger for men who were
treated later rather than earlier in life, and a particularly
high risk is indicated in the small group of men in whom
the testes were persistently retained, ie., in men who
were not treated or in whom the treatment was unsucces-
ful in bringing the testes down in the scrotum. Very simi-
lar data have been published previously in other case-
control studies,?!>!6 one of which validated the self-re-
ported cryptorchidism against family doctor’s notes.'® It

Table 3. Self-reported history of cryptorchidism in two case series of men who are
known to have been treated for cryptorchidism in childhood, Denmark

Cryptorchidism Cases Cases Controls
(n=157) (n=230) (n=416)
Series 1 Series 2
No. % No. % No. %
No 25 15.9 7 3.0 350 84.1
Yes 130 828 223 97.0 30 7.2
Treated or persisting 124 79.0 207 90.0 5 1.2
cryptorchidism
Spontaneously descening 4 25 16 7.0 24 58
testes
Unknown treatment/descent 2 1.3 0 0.0 1 0.2
Unknown euyptorchidism 2 1.3 0 0.0 36 8.7
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Table 4. Associations between cryptorchidism and inguinal hernia, testicular atrophy and other

conditions and malformations, Denmark

Cases Controls OR? cne
(n=387) (n=416)
% %
Inguinal hernia
No 711 90.6 1.0 —
Yes 251 8.2 4.0 (2.6-6.1)
Cryptorchidism, series 1 395 82 10.3 (5.6-18.8)
Cryptorchidism, series 2 15.2 8.2 1.8 (1.1-3.2)
Unknown inguinal hernia 3.9 1.2 — —
Testicular atrophy
No 40.8 85.1 1.0 —_
Yes 455 72 13.8 (8.9-21.3)
Cryptorchidism, series 1 452 7.2 11.9 (6.7-21.3)
Cryptorchidism, series 2 457 7.2 13.2 (7.7-22.3)
Unknown testicular atrophy 13.7 7.7 — —
Testicular torsion 57 48 1.2 (0.6-2.2)
Hydrocele (age in yrs)
0-19 21 1.7 1.2 (0.4-3.4)
204+ 0.0 0.0 — —
Unknown age 03 0.0 — —
Varicocele (age in yrs)
0-1¢ 0.3 1.0 0.3 (0.0-2.3)
20+ 0.8 0.0 — —
Unknown age 03 0.0 — —
Phimosis 13.2 8.9 1.6 (1.0-2.5)
Hypospadias 1.0 0.2 438 (0.5-43.1)
Other genital malformations 1.6 1.2 1.2 (0.4-4.1)
Malformations of any other organ 8.3 50 1.7 (1.0-3.0)

2 OR=0dds ratio.
b C1=95% confidence interval.

is possible that the high prevalence of spontaneously des-
cended testes may contribute to this effect. If, as dis-
cussed above, the category of men who are considered
to have a history of cryptorchidism also includes some
proportion of men who were treated for a condition
which would have resolved spontaneously and which is
not associated with an increased risk of testicular cancer,
then this proportion is likely to be greater in the group of
men who were treated early than in the group who were
treated later, and the result would be a trend in the RR
with age at the time of treatment. In the present data,
there is a tendency for the RR for cryptorchidism to be
higher for the older than for the younger men (men born
1916-45: OR = 4.5; 1946-55: OR = 3.5; 1956-70: OR = 3.4).

We can imagine two different types of explanation for
the association between cryptorchidism and testicular
cancer. One possibility is that the risk of testicular cancer
is a consequence of the abnormal position of the testis
(‘the position model'); the other possibility is that the as-
sociation is due to the existence of common risk factors
for cryptorchidism and testicular cancer (‘the common
cause model’). These models are clearly not mutually ex-
clusive. Exposure of the embryo to maternal or exogen-
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ous estrogens has been proposed as a possible common
cause of cryptorchidism and testicular cancer.>” Other
evidence in support of this explanation includes the asso-
ciations between low birthweight and both testicular can-
cer and cryprorchidism,28:36.39:40.43=45 which suggest
that both testicular cancer and cryptorchidism may be
consequences of a suboptimal pattern of growth of the
embryo. A case can be made for 2 role of not only estro-
gens but also androgens and gonadotropins in causal
pathways common to cryptorchidism and testicular can-
cer.”® It should be noted, however, that although cryp-
torchidism is a consistent risk factor for testicular
cancer, the proportion of testicular cancer cases that can
be attributed statistically to cryptorchidism is not large,
in the present data around five percent.

If the ‘position model is correct, we would expect a
lower RR of testicular cancer in boys treated for cryp-
torchidism at an early age; if the common cause model’
is correct, there should be no such trend. This argument,
however, requires that any confounding effect of treat-
ment of spontaneously descended testes could be ruled
out or controlled accurately. If we turn to the effect of
age at spontaneous descent of the testes on the RR of



testicular cancer, there is a weak tendency of a higher RR
in men with a late spontaneous descent. This suggests
that the increased risk of testicular cancer in cryptorchid-
ism in some way is related to the abnormal position of
the testis and hereby adds some weight to the interpreta-
tion that the association with age at the time of treatment
for cryptorchidism as a real phenomenon. Finally, our
data suggest that men with unilateral cryptorchidism
have an increased risk of testicular cancer in the nor-
mally descended testicle although not as high as in the
undescended one. This has been reported also in previous
studies which addressed this question.?*1213,16,33,34
Taking all these observations into consideration, it seems
possible that effects of both ‘position’ and ‘common
causes’ may contribute to the association between cryp-
torchidism and testicular cancer.

Inguinal bernia

Inguinal hernia is an anatomic defect which may prevent
normal testicular descent, and an inguinal hernia,
whether clinically apparent or not, is found in a large
proportion of boys operated for cryptorchidism.”
Inguinal hernia has been associated with an increased
risk of testicular cancer in some studies,”>” but it re-
mains to be established as a risk factor independent of
cryptorchidism.®® The present data show no excess risk
of testicular cancer associated with a history of inguinal
hernia in men who did not also report a history of cryp-
torchidism or testicular atrophy. Our data further indi-
cate that spurious associations between inguinal hernia
and testicular cancer can occur easily because of confu-
sion of the two conditions when the data are obtained by
interview. A strong association is seen in these data be-
tween inguinal hernia and cryptorchidism, but it is most
pronounced in the cryptorchidism cases from Series 1,
and much weaker in those from Series 2. An important
difference between the two series is that the men in Ser-
ies 1 were not informed as adults about their condition;
the study in which they were followed was a record link-
age without personal contact. The men in Series 2, in
contrast, took part in clinical examinations as adults
and were informed fully about their history of treatment
for cryptorchidism. In consequence, the latter group re-
ported inguinal hernia much less frequently than the for-
mer. Further, the proportion of men in Series 1 who
reported not to have had cryptorchidism was higher than
in Series 2, and a high proportion of the men who erro-
neously reported no history of cryptorchidism reported a
history of inguinal hernia. These observations show that
there is a great potential for confusion of the two condi-
tions. The present data do not indicate any increase in
risk of testicular cancer associated with a clinical history
of inguinal hernia. Similarly, a cohort study in Sweden of

Testicular cancer and cryptorchidism

30,000 patients operated for inguinal hernia showed no
increased risk of testicular cancer.”®

Testicular atrophy

A history of testicular atrophy, as indicated by the re-
sponse that one testis was much smaller than the other
in childhood, was associated with a threefold increase in
testicular cancer risk. The excess risk was not altered ma-
terially by stratification for cryptorchidism or inguinal
hernia. Similar findings have been reported from one
case-control study. In testicular cancer patients, an asso-
ciation has been found between testicular atrophy and
the presence of carcinoma iz sits in the remaining, con-
tralateral testicle.”"® This supports that the observed as-
sociation in the present data is a real phenomenon.
However, the finding that, in men with testicular atrophy
who developed testicular cancer, a similar proportion of
cases developed in the smaller and in the larger testicle
raises the possibility that the association may be due in
part to recall bias. In our data, the association between
testicular atrophy and testicular cancer was strongest for
older men. Oliver has suggested that testicular atrophy
may be a common manifestation of several different
causes of testicular cancer.*’

As discussed above in the case of cryptorchidism and
testicular cancer, association between atrophy and testi-
cular cancer may occur if atrophy itself is a cause of tes-
ticular cancer, and/or if there are common causes of
atrophy and testicular cancer. In the latter case, it is less
surprising that testicular cancer seems to occur with
equal frequency in the smaller and the larger testicle.
The strongest evidence for the existence of common
causes of testicular atrophy and testicular cancer come
from studies of the contralateral testis in men who have
had testicular cancer. It has been demonstrated clearly
that there is an elevated risk of testicular malignancy in
the contralateral testicle, both when assessed by the pre-
sence of carcinoma in sitw””"® and invasive cancer.? The
contralateral testicle is often atrophic. For example,
Berthelsen and Skakkebzk,*’ in a study of 200 biopsies,
found spermatogenic arrest in 10 percent, Sertoli cell-
only histology in 12 percent, and hyalinized tubules in
11 percent, in addition to carcinoma in sit» in 5 percent
of the testes.*’ This suggests that atrophy frequently ac-
companies testicular cancer, in either the ipsilateral or
the contralateral testis (or both). In certain individuals
with severe gonadal dysgenesis (46,XY and 46XY /45X
genotypes), the testes are atrophic and a high proportion
develop cancer in the gonads.26

An association also was seen between testicular atro-
phy and cryptorchidism, and, in men with unilateral
cryptorchidism, it was most often the undescended testi-
cle that was reported to be the smaller one.

Cancer Causes and Control. Vol 7.19%6 271



H Moller et al

Other congenital malformations

Associations between both testicular cancer and cryp-
torchidism and other malformations were not found ex-
cept for a report of hydrocele in adulthood which was
associated with testicular cancer, and a weak association
between phimosis and cryptorchidism. In our analysis,
we excluded a record of hydrocele if it was within three
years of the date of diagnosis of testicular cancer. Despite
this, hydrocele possibly may occur as an early symptom
of testicular cancer,** and a spurious association could be
introduced hereby. The possibility of recall bias cannot
be excluded either.

Most of the congenital malformations we analyzed are
so rare that our study has little statistical power to detect
associations when they exist. It therefore cannot be ruled
out that some of the associations reported in other stu-
dies are true, but on the other hand, the few positive as-
sociations seen here and in other studies also may be the
result of information bias or chance. The high propor-
tions of men who report a history of testicular torsion is
probably an artifact and due to a nonspecific question in
the interview.

Conclusion

These data confirm the increased risk of testicular cancer
in men with treated or persisting cryptorchidism. About
five percent of testicular cancer in Denmark is attribu-
table to cryptorchidism. The condition of spontaneous
descending testes, which occurs in six to seven percent
of Danish men, is not associated with an increased risk
of testicular cancer. In men who were treated for cryp-
torchidism, the RR of testicular cancer increased with
age at treatment for cryptorchidism. This effect may be
due wholly or in part to increased treatment of boys with
testes that would have descended spontaneously if they
had not been treated.

In the absence of cryptorchidism or testicular atrophy,
clinical inguinal hernia was not associated with testicular
cancer. Our data from men who were known to have
been treated for cryptorchidism show that cryptorchid-
ism and inguinal hernia may be confused and reported
interchangeably in an interview.
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