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Purpose: To elucidate the biologic association be-
tween germ cell neoplasia and testicular dysfunction,
through investigation of Leydig cell function and semen
quality in men with carcinoma-in-situ (CIS) of the testis.

Patients and Methods: We examined two groups of
men, unilaterally orchidectomized for testicular cancer.
Biopsy of the contralateral testis had showed CIS in a
group of 24 patients and no evidence of CIS in the other
group of 30 patients. Semen quality and serum levels of
testosterone, luteinizing hormone (LH), and follicle-
stimulating hormone (FSH) were compared in these two
groups of men after orchidectomy but before further
treatment for testicular cancer.

Results: Significantly higher LH levels (median, 8.1
IU/Lv4.81U/L; P < .001) and generally lower testoster-
one levels (median, 12.5 nmol/L v15.5 nmol/L; P = .13)
were found in the CIS group. The proportion of patients

patients with CIS (11 of 24) than in the group of patients
without (two of 30) (P = .01). Sperm concentration and
total sperm count were significantly lower (P < .001) in
patients with CIS (median, 0.03 x 10/mL and
0.10 x 1068, respectively) than in patients without (me-
dian, 9.1 x 10/mL and 32 x 106, respectively),
whereas the levels of FSH were significantly higher
(P < .001) in the former group of men (median, 19.6
IU/L v9.0 IU/L).

Conclusion: Not only spermatogenesis but also Ley-
dig cell function is impaired in testes with CIS. This
impairment could be due to common factors in the
pathogenesis of germ cell neoplasm and testicular dys-
function. Alternatively, CIS cells may have a negative
impact on Leydig cell function.

JClin Oncol 17:173-179. @ 1999 by American Society
of Clinical Oncology.

with Leydig cell dysfunction was higher in the group of

T IS WELL ESTABLISHED that testicular germ cell testicular function in men orchidectomized for testicular
cancer (TGCC) is associated with poor spermatogeneancer with and without carcinoma-in-situ (CIS) in the
esis®and occurs more frequently in men with other types ofcontralateral testis.
testicular dysfunction, such as testicular atrophy and cryptor-
chidism?-14 However, it remains to be established whether
these testicular abnormalities cause germ cell cancer or
whether they are associated with germ cell cancer because &ubjects
common etiologic factors. Increased incidence of genital Group 1 consisted of 25 consecutive patients who had CIS in the
abnormalities and germ cell cancer in patients with testiculacontralateral testis at the time of orchidectomy for TGCC. They were
dysgenesis and the androgen insensitivity syndrome indiexamined from 1986 to 1993 after orchidectomy but before further
.cates thgt changes in the ,fetal en;locrme milieu could béfeétrf:)\jgt-z included 31 consecutive patients who had unilateral
involved in the pathogenesis of testicular cari¢er.More- testicular cancer and no evidence of CIS in the contralateral testis. They
over, even though the data are ambiguous, some epidemigrere examined from 1995 to 1996 after orchidectomy but before further
logic studies have shown that factors, which are associatetjeatment.
with variations in intrauterine hormone levels, are correlated BioPsY of the contralateral testis was performed in all patients at the
with the risk of testicular cancéf:1#20lt is thus likely that time of orchidectomy. The diagnosis of CIS was in all cases established
testicular neoplasia is associated with fetal exposure to
harmful endocrine factors. If this is true, one would expect
that not only spermatogenesis but also Leydig cell function From the Department of Growth and Reproduction and Department
could be impaired in a testis with germ cell neoplasia, everpf Oncology, Finsencenter, Copenhagen University Hospital, Rigshospi-
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PATIENTS AND METHODS
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by histologic examination of the biopsy specimens. The amount of CIS Table 2. Results of Hormone Analyses
was assessed semiquantitatively by determining the percentage of Group 1 Group 2 Reference
tubules containing CIS. In each group, one patient was excluded (n = 24) (n = 30) Values pr
because of elevated levels of human chorionic gonadotropin beta irr’gSH' UL
serum. Characteristics of patients in the study are shown in Table 1. Al ;. qian 19.6 9.0 1.2.92 < 001
patients were examined less than 6 months after orchidectomy, and pgpge 6.3-87 0.31-47
there was no statistically significant difference in age between the twqy 1y,
groups. Semen analyses and analyses of serum levels of luteinizing median 8.1 4.8 1.1-11 < .001
hormone (LH), follicle-stimulating hormone (FSH), testosterone, and Range 3.3-56 0.82-27.4
estradiol were performed as described in the next sections. Testosterone, nmol/L
Median 12.5 15.5 6.2-32.5 .13
Range 2.8-23.8 7.3-35.9
Semen Analysis Estradiol, pmol/L
Median 73t 76% 44-212 .32

All analyses of ejaculates were performed in our laboratory, in

accordance with the guidelines of the World Health Organiz&fdh. LeR;ng:e" dvsfunc 23118 30-153
The following parameters were analyzed: volume, total sperm count, v t?0n§ y 11 5 o1

sperm concentration, morphology, motility, and duration of abstinence
Ejaculates for analysis were obtained from 23 patients in group 1 and 26 NOTE. Values are expressed as median, range, or n.

patients in group 2. *Group 1 versus group 2.
tn=17.
In =14
Hormone Analyses 8LH level above reference value and/or testosterone level below reference
value.

Serum values of FSH and LH were measured by time-resolved

immunoflurometric assay (DELFIA, Wallac, Turku, Finland). Luteiniz-

ing hormone and FSH levels were expressed in international units pe, .

Iitgr. Detection limits and interassay variations for LH and FSH were étatlstlcal Methods

0.05 and 7% and 0.05 and 10%, respectively. Testosterone and estradiol The Mann-Whitney test was used for comparison of the data in

were analyzed by radioimmunoassay (Coat-a-Count, DPC, Los Angethe two groups because neither response parameters nor log-of-

les, CA). Detection limits and interassay variations for testosterone andesponse parameters were normally distributed. The correlations

estradiol were 0.23 and 13% and 18 and 13%, respectively. Referendeetween time from orchidectomy to examination and semen

values for LH, FSH, testosterone, and estradiol are given in Table 2characteristics and hormone levels were tested by calculation of

Blood samples for hormone analyses were obtained from all men. AllSpearman rank correlation coefficient. Tlé test was used to test

analyses were performed during the years 1995 and 1996. Bloodhe statistical significance of the differences between the groups in

samples from patients examined before 1995 had been stored ahe numbers of patients with seminomas and nonseminomas, the

— 20°C. The consequence of freezing has been tested and no detectaliamber of patients with azoospermia, and the number of patients

effect on the results of hormonal analyses was seen. with Leydig cell dysfunction. The relationship between amount of CIS
and response parameters was examined by dividing the patients in
group 1 into two groups of 12 patients with the highest and lowest
amounts of tubules containing CIS. The data were analyzed using

Table 1. Patient Characteristics Mann-Whitney test.

Group 1 Group 2

(n=24) (n=30) P*
Age at orchidectomy, years
Median 26 29 49 RESULTS
Range 19-52 21-39
Time from orchidectomy to examination, Semen Analysis
Medgﬁ"ths N s - oo1 The results of semen analyses are shown in Table 3 and
Range 0-4 0-6 Fig 1. The duration of abstinence was not statistically
Diagnosis different between the two groups. The differences in sperm
Seminoma/nonseminoma w77 11712t 57 concentration and sperm count between group 1 and group 2
Ce}ncer“age , 5 4s were highly significant. Sufficient numbers of spermatozoa
I 3 3 to allow analysis of morphology were present in only seven
1] 0 1 patients in group 1 and 20 patients in group 2, and motility
*Group 1 versus group 2. could be analyzed in only 10 patients in group 1 and 21
tOne patient had unilateral CIS. patients in group 2. In this small subset of patients, we did
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Table 3. Results of Semen Analyses

Group 1 Group 2
(n=23) (n = 26) P*
Abstinence time, days
Median 3.0 251 .48
Range 0.5-10 0.5-8
Total sperm count, X108
Median 0.10 32 <.001
Range 0-25 0-200
Sperm concentration, X108/mL
Median 0.03 9.1 < .001
Range 0-13.3 0-69
Volume, mL
Median 2.3 2.9 .09
Range 0.5-6.1 1.4-12.1
Motile sperm, %%
Median 578 65|| .60
Range 35-75 0-87
Sperm with normal morphology, %3+
Median 331 36# .62
Range 27-45 21-61
Azoospermia 11 1 .002

NOTE. Values are expressed as median, range, or n.

*Group 1 versus group 2.
tn=19.

FPatients with azoospermia and severe oligozoospermia were not included.

8n = 10.
[n=21.
fIn=7.
#n = 20.
A (36 135 66x108, 69x109)
_ 30 °
£
& 2 o
o 20 - o
&
g 15 A o 8
g 10 A o -§-
.
N
Group 1 Group 2
Fig 1.

175

not find any statistically significant differences between the
two groups in proportions of sperm with normal morphology
nor in proportions of motile sperm. No correlation was seen
between time from orchidectomy to examination and sperm
concentration or total sperm count. In group 1, the groups
with the highest and lowest amounts of CIS had similar
sperm concentrations and total sperm counts=(B8 and

P = .41), respectively.

Hormone Analyses

The results of the hormone analyses are presented in Table
2. The serum values of FSH were significantly higher in
group 1 than in group 2 (Fig 1), and serum LH concentra-
tions were significantly higher in group 1 than in group 2
(Fig 2). Moreover, serum testosterone showed a tendency
toward lower values in group 1 than in group 2 (Fig 2).
All patients in group 2 had serum levels above the
lower limit of the reference values, whereas three patients in
group 1 had testosterone levels below the lower limit of
normality. Furthermore, the number of patients with
Leydig cell dysfunction, as indicated by testosterone levels
below reference values and/or LH levels above the
reference interval, was significantly higher in group 1
than in group 2. Estradiol levels in the two groups were
not significantly different. No correlation was seen
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Group 1 Group 2

Sperm concentrations (A) and serum FSH values (B) in patients with (group 1) and without (group 2) CIS in the contralateral testis after orchidectomy for

testicular cancer. The differences in sperm concentration and FSH levels were highly significant (P < .001). Bar = median value. The median sperm
concentration in group 1 was 0.03 x 10°mL.
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Fig2. Serum testosterone (A) and LH (B) values in patients with (group 1) and without (group 2) CIS in the contralateral testis after orchidectomy for testicular
cancer. The difference in testosterone levels did not reach statistical significance (P = .13), whereas the difference in LH levels was highly significant (P < .001).
Bar = median values.

between time from orchidectomy to investigation and any oftween the amount of CIS and semen-related parameters or

the hormone levels. In group 1, the groups with the highestormone levels.

and lowest amounts of CIS had similar levels of FSH, LH, Inthe present study, no correlation was seen between time

and testosterone (P .99, P = .55, andP = .98), respec- from orchidectomy to examination and semen characteris-

tively. tics or levels of any of the reproductive hormones in the two
groups of patients. Thus, the differences between semen
characteristics and hormone levels in men with and without
CIS cannot be explained by differences in time from

DISCUSSION orchidectomy to investigations.

We found a pronounced impairment of both Leydig
cell function and spermatogenesis in testes with CIS. This is
to our knowledge the first study that demonstrates this " .
relationship between CIS in the testis and Leydig cell.™
dysfunction. .:. -

The Leydig cell dysfunction in the CIS group was
expressed as testosterone levels below reference valu s
and/or LH levels above reference values in a higher propor

toward lower testosterone levels, compared with levels in z
similar group of patients without CIS. .
The low sperm output and high FSH levels in patientsz ‘;; ».
with CIS in the contralateral testis are in line with the ‘
observations in histologic studies that have shown generall*:
poor spermatogenesis in testes harboring germ cell
neoplasia (Fig 334,25 The purpose of the biopsies was to Fig 3. Histologic section of testicular tissue from a patient with CIS of the
assess whether the testis harbored CIS. The histolog.testis. Right: tubule with CIS cells and Sertoli cells only. Left: impaired

) ) i ) ) ) I&)ermatogenesis in a tubule without CIS cells. Hematoxylin and eosin stain.
investigation did not reveal any apparent relationship be=sar:50 um.

Q"‘
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Our findings could be explained by a common etiology of latter strategy might be a desire to preserve fertility until the
germ cell neoplasia, Leydig cell dysfunction, and impair- development of a second testicular cancer. It has been shown
ment of spermatogenesis or impairment of Leydig cellthat almost all, if not all, cases of CIS will progress to
function due to presence of CIS cells in the seminiferousinvasive cancer if left untreatéd. Permanent androgen
tubules. In laboratory animals, exposure to excessive amountasufficiency after bilateral orchidectomy would, therefore,
of estrogens in fetal life causes disturbances of Leydig celbe the final outcome in all patients with CIS in the
and of Sertoli cell development, resulting in permanentcontralateral testis if the strategy of surveillance was fol-
Leydig cell dysfunction and impairment of spermatogen-lowed. In the present study, 11 of 23 patients with bilateral
esis?%:2” Fetal exposure to diethylstilbestrol has been showrdisease had azoospermia and only three patients had sperm
to increase the risk of development of gonadal malforma-concentrations above 5 times®iL, which in infertile men
tions and poor semen quality in huma&8sP although the has been shown to be the critical limit for inducing
studies were inconclusive regarding the risk of developingpregnancy without assisted fertilizatiéhTherefore, few if
testicular cancet Epidemiologic investigations have shown any patients with bilateral germ cell neoplasm are expected
that conditions associated with abnormal intrauterine horto be able to induce pregnancy without assisted repro-
mone levels are correlated with risk of testicular can-ductive techniques. Thus, in vitro fertilization with intracyto-
cerl#18-20 Thys, even though the data are ambigu®us, plasmic sperm injection is needed to achieve paternity in the
hormonal involvement in the pathogenesis of TGCC seemsast majority of patients, irrespective of whether they are
likely. treated with RT at the moment of diagnosis or whether the

Possibly CIS cells may inhibit Leydig cell function treatment is postponed until development of invasive
directly, via Sertoli cells or because of germ cell depletion.cancer. The present results are in line with the observation
We have no information on factors produced by CIS cellsthat none of 38 men with bilateral testicular cancer
that may inhibit Leydig cell function. However, because achieved fatherhood between diagnoses of first and second
tubules with CIS are depleted of germ cells and tubules irtumors#
the same testis without CIS often contain germ cells (Fig 3), We therefore recommend that patients orchidectomized
CIS may have some influence on surrounding cells. Im-for testicular cancer in whom CIS is present in the contralat-
paired Sertoli cell function in tubules with CIS and in eral testis receive RT at a dose that eradicates CIS cells
tubules with impaired spermatogenesis due to other causdsut preserves Leydig cell functiol. The treatment
has been indicated by abnormal expression of cytokeratinshould be preceded by cryopreservation of semen in
in Sertoli cells of these me#. Inhibition of Sertoli cell patients with viable sperm in the ejaculate. A report has
function and germ cell depletion could possibly causeindicated that patients with CIS may actually be fertdle,
secondary alterations in Leydig cell function because thesand treatment can be individualized and delayed for a few
cells interact in a complex mann¥r.Several paracrine months in patients with good semen quality and a keen
factors, including activin, LH-releasing hormone-like fac- desire for fatherhood. The high number of patients with
tor, and growth factors such as insulin-like growth factor I, Leydig cell dysfunction (11 of 24) indicates that andrologic
transforming growth factor-beta, and fibroblast growth fac-follow-up is necessary in all patients with CIS in the
tor, produced by Sertoli cells, may be involved in thesecontralateral testis in order to fulfill any need for androgen
interactions with Leydig celld*37 but we have no data substitution.
indicating alterations in production of these paracrine In conclusion, we demonstrated that Leydig cell function
factors in tubules with CIS. At present, it is not known and spermatogenesis are severely affected in testes with CIS.
whether germ cell depletion has any effect on Leydig celllt remains to be established whether there is a pathogenic
function. link between the development of testicular germ cell neopla-

Our findings have important clinical implications becausesia and Leydig cell dysfunction. However, the present results
patients with CIS require treatment that has serious impacare in line with the assumption that hormonal factors are
on their gonadal function. The options for treatment of CISinvolved in the etiology of testicular germ cell neoplasia. In
are either radiotherapy (RT), with a dose level that eradicateBght of the poor semen quality associated with CIS in the
CIS cells without severe impairment of Leydig cell func- testis, local RT at a dose that eradicates the CIS cells but
tion,38 or surveillance followed by orchidectomy when a allows preservation of Leydig cell function is the optimal
second invasive testicular cancer evolves. The reason for thieeatment for patients with CIS in the contralateral testis.
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