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Abstract-Forty-jîve patients with disseminated testicular cancer treated with cisplatin, vinblas- 
tine and bleomycin f adriamycin (PVB & A) were studied to establish the impact of chemotherapy 
on hormonal and reproductive functions. Data on FSH, LH, testosterone, prolactin, semen anabses 
and sexual functions were obtained before, during and 1-6 yr after chemotherapy. Mean LH, 
testosterone and prolactin levels were wuithin normal limits before, during and after chemotherapy. 
Twenty per cent (4120) of the patients revealed pathologically elevated FSH leve& due to 
pretreatment gonadal dysfunction. Geninal aplasia occurred in al1 patients in the jrstyear after 
chemotherapy, as 100% rendered aeoospermic and 95% showed statisticalb significant elevated 
FSH values (P= 0.001). In the thirdyear after chemotherapy 80% (8110) of the patients showed 
normalitation of FSH levels and 100% (717) recovery of spermproduction but with a high degree 
of immotile sperms. Although these results emphasize the restitution of spermatogenesis in the third 

year after cessation of PVB-regimen, the minor+ of these patients fathered children, probabb due 
to reduced sperm motility. 

INTRODUCTION 
SINCE thc introduction of antineoplastic che- 
mothcrapy long lasting clinical remissions have 
been obtained for many patients with certain types 
of neoplastic diseases, e.g. Hodgkin’s disease, acute 
leukemia and testicular cancer. As a consequente 
of this therapcutic success, concerns have arisen 
about persistent or delayed toxicity of cancer che- 
mothcrapy that may become clinically significant 
for long term survivors. Drugs used for cancer 
chemotherapy are wel1 known to produce acute 
toxic side effccts on multiple organ systems. Most 
commonly affectcd are those organs containing 
sclf-rcnewing cel1 populations such as bone mar- 
row, gastrointestinal tract, mucosal membranes 
and hair follicles. However, potential gonadal in- 
jury after chemotherapy has been studied only in a 
limited numbcr of malignant diseases including 
Hodgkin’s diseasc [ 1-51, malignant lymphoma [3, 
4, 61, lcukcmia [7, 81 and soft tissue sarcoma [9, 
101. In part this lack of attention has stcmmcd 
from thc abscnce of any immcdiate or lifc- 
thrcatening symptoms resulting from gonadal in- 
jury. It sccms worth mentioning that the docu- 
mentation of gonadal toxicity is not recommcnded 
in thc WHO-Handbook for Reporting Results [ 111. Thc 
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implications of cytotoxic-induced gonadal dysfunc- 
tion go beyond the observation of infertility. The 
real importante of such findings lies in thc impact 
of the changes in sexuality on the quality of lift. 
Little information is available about injury and 
recovery of spermatogenesis induced by cytotoxic 
drugs in patients with testicular canccr [ 12-151. 
Therefore we undertook a prospective study to 
establish the impact of chemotherapy by cisplatin, 
vinblastine and bleomycin (+ adriamycin) on hor- 
monal regulation and reproductive functions in 45 
patients with testicular cancer. 

MATERIAL AND METHODS 
Patients 

From January 1984 to January 1985, 45 patients 
with testicular cancer were studied. Due to the fact 
that some patients were refcrred after initial ther- 
apy and others were followed at their local hospit- 
als, the data sets of individual patients are not 
complctc in some cases. Characteristics of the 
patient population are summarized in Table 1. 

Therapy 
The PVB-regimen included cisplatin 20 mg/m’ 

i.v. day 1-5, vinblastine 6 mg/m’ i.v. day 1 + 2, 
bleomycin 12 mg/m’ i.v. day 1-5. The VB/AP- 
scquentially alternating regimcn consistcd of vinb- 
lastine 0.2 mg/kg i.v. day 1 + 2, bleomycin 
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30 mg i.v. day 1-5; adriamycin 60 mglmz i.v. day 
1 and cisplatin 100 mg/m’ i.v. day 2. NO patient 
rcceived maintenancc therapy. 

Hormonal analyses 
Blood samples were tcstcd for folliclc stimulating 

hormone (FSH), lutcinizing hormonc (LH), tes to- 
stcrone and prolactin by radioimmunoassay (Scro- 
no) beforc trcatment, beforc cach cycle and 1-6 yr 
aftcr cessation of chemothcrapy. Normal values in 
our laboratory are as follows: FSH 175-700 ng/ml, 
LH 25-100 ng/ml, tcstosteronc 300-900 ng/lOOml 
and prolactin 5-15 ng/ml. 

Semen analyses 
Semen analyses were donc on freshly produced 

specimens bcfore and 1-6 yr after chemotherapy. 
Ejaculates for analyses were obtained after a sug- 
gested 5 days abstinente. Sperm evaluation from 
antegrade ejaculation included sperm dcnsity, 
motility, volume, pH, liquefication time, % vita1 
spermatozoa, % normally motile spermatozoa, % 
abnormal forms, % macrocephalic forms, % multi- 
ple-tailed spermatozoa, % headless tails and % 
tailless hcads. Normozoospermia was defined as 
sperm density greater than 20 x 106/m1. The 
criterion for normal motility was greater than 50%. 
In patients with supposed retrograde ejaculation 
100 ml urine, obtained, after masturbation, were 
centrifuged 10 min with 3000 U/min and the 
sediment was analyzed. In patients revealing no 
cjaculation at al1 retrograde ejaculation was in- 
duced by alpha-sympathomimetics (5 mg 
Midodrin-hydrochlorid i.v.). 

Questionnaire 
Following informed consent the patients were 

asked to answer questions regarding previous fer- 
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Fig. 1. Endocrine regulation of gonadal function. 

tility, contraccption, marital status, future fcrtility 
wishes and childrcn fathcrcd after chcmothcrapy. 
Informations on libido, crection, cjaculation and 
orgasm were obtained beforc and after chc- 
mothcrapy. 

Statistical analyses 
Chi-square statistics were used to calculatc the 

significante of differences of serum hormone levcls. 

RESULTS 
Hormonal analyses 

Before chemotherapy 20% (4/20) of the patients 
revealed pathologically elevated serum FSH levels 
(mean: 460 ng/ml), during chemotherapy 79% 
( 1 l/ 14) (mean: 1060 ng/ml). In the first year after 
cessation of chemotherapy 95% (18/19) of the 
patients showed elevated FSH levels (mean: 1380 
ng/ml), in the second year 56% (5/9) (mean: 820 
ng/ml), and in the third year or later 20% (2/10) 
(mean 520 ng/ml) (Fig. 2). Statistical analyses 
using chi-square test revealed a statistically signi- 
ficant differente between pathologically elevated 
FSH levels before chemotherapy and during chc- 
motherapy (P = O.Ol), before chemotherapy and 1 
yr after chemotherapy (P = 0.0001). There was no 
statistically significant differente comparing FSH 
levels before and two years after chemotherapy or 
later (Table 2). 

Before treatment 5/20 patients showed falsely 
increased LH levels due to cross reactivity with 
B-HCG. During chemotherapy 86% ( 12/ 14) of the 
patients showed normal LH values (mean: 70 
ng/ml), in the first year after chemotherapy 90% 
(17/19) mean: 60 ng/ml), in the second year or 
later 100% (19/19) ( mean: 38 ng/ml) (Fig. 2). 
Comparing elevated LH levels before and at va- 
rious time points after chemotherapy chi-square 
test showed no statistically significant differencc 
(Table 2). 

Testosterone and prolactin mean levels were 
within normal range before, during and after chc- 
mothcrapy (Fig. 2). Statistical analyses comparing 
elevated testosterone and prolactin values revealed 
no significant differencc. 

Semen analyses 
Thirty-three specimens of 25 men were analy- 

zed. The results of sperm counts according to 
chemotherapy are shown in Fig 3. Four out of six 
patients showed oligozoospermia before chc- 
mothcrapy with a sperm density of 1-25 X 106/ml. 
Twelvc out of twelve paticnts rcvcalcd azoospcr- 
mia 1-2 yr aftcr completion of chemotherapy. 
Seven out of seven paticnts investigated in thc third 
year or later after chemotherapy showed sperm 
counts between 6 and 60 X 106/ml reflccting 



Chronic Gonadal Toxicity in Patients 291 

’ V’ y. ’ 2-y. ‘,3’dy ’ 
Lmfore dwing ai ter 

chemotherapy 

Fis. 2. Serum FSH, LH, prolactin and testosterone hels before and after 
chemotherapy. 

rcstitution of spermatogenesis in al1 patients (Fig. 
3). However, analyses of sperm motility revealed 
pathologically decreased numbers of immotile 
forms in 316 patients before chemotherapy and in 
6/8 patients 3 yr or later after chemotherapy with 
PVB * A-regimen (Fig. 4). 

In two patients with retrograde ejaculation 
sperm count could be improved from less than 1 X 
106/ml to 10.8 and 22 X 106/ml by alpha- 
sympathomimetics. 

Questionnaire 
Thirty-six patients completed thc questionnaire. 

Before chemotherapy 81% (29/36) and aftcr che- 
mothcrapy 86% (3 1/36) of the patients reported to 
have future fertility wishes. Twenty-two per cent 
(8/36) fathered children before chemotherapy, onc 
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Fig. 3. Sperm count in 25 patients with testicular cancer before and @er 
chemotherapy. ??, Antegrade ejacutation; A, retrograde ejaculation. 
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Fig. 4. Spenn count in relation to spenn motility. 0, Befoore chnnothcrapy; 
A, 3 yr or tater aJer chcmotherapy. 

patient fathered two healthy girls 18 and 48 
months after treatment with six cycles of the 
VB/AP-regimen. Libido, erection and orgasm were 
present in 100% (36/36) of the patients before and 
after chemotherapy (Table 3). Seventy-three per 
cent (33/45) of our patients were treated by rc- 
troperitoneal lymph node dissection (RLND). In 
24133 patients primary RLND and in 9133 delaycd 
RLND was performed (Table 1). The ejaculation 
was disturbed in 57% (19/33) of these patients due 
to radical RLND. 

DISCUSSION 
Testicular function in men is particularly sus- 

ceptible to injury by cytotoxic drugs. Chemother- 
apy-induced gonadal toxicity and recovery of sper- 
matogenesis may be related to the type of drugs, 
the total dose and the duration of therapy [ 161. For 
the drugs studied to date, the primary histopatho- 
logica1 lesion is a progressive, dose-rrlated deple- 
tion of germinal epithelium. Germinal aplasia is 
charactcrized by the absente of spermatocytes and 
spermatogonia in the tubular lumen. The pituitary 
gland and the gonads function in a feedback cycle. 
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Table 1. Characteristics of patient population 

No. 
Media” age 
Range 

45 patients 
29 years 

lg67 years 

% n 

Histolopy (WHO) 
Tumors with one 

histologie pattern 

Seminoma 
Embryonal carcinoma 
Malignant teratoma 
Choriocarcinoma 

Tumors with more than 
one histologie pattern 

ClassiJication 
Stage 

1 
11 AIB 
11 C/D 
111 
IV 

Treatment 
Orchiectomy 

Retroperitoneal lymphadenectomy 
primary 
secondary 

Chemotherapy 
PVB - regime” 
VBJAP - regime” 

80% 

11% 
47% 
33% 
8% 

2% ( 1/45) 
27% ( 12/45) 
20% ( 9/45) 

2% ( 1/45) 
40% (18/45) 

90% 

73% 
73% 
27% 

91% 
73% 
27% 

(36/45) 

( 4/36) 
(17136) 
( 12/36) 
( 3136) 

( 9/45) 

(44/45) 

(33/45) 
(24133) 
( 9133) 

(41145) 
(30141) 
(11/41) 

mine drug-rclatcd infertility. Besides these cndocri- 
nological and andrological mcthods, the reproduc- 
tive potential should bc identified by a sexual 
questionnaire. 

Almost al1 patients with Hodgkin’s diseasc tre- 

ated with nitrogen mustard, vincristine, predni- 
sone and procarbazine (MOPP) or nitrogcn mus- 
tard, xinblastine, prednisone and procarbazine 
(MVPP) are sterilc. It could be shown that only 
one or two cylces of MVPP-therapy were rcquired 
to produce aplasia of germinal epithelium [ 1, 171. 
Rcversible testicular injury has been demonstratcd 
in patients undergoing adjuvant chemotherapy for 
soft tissue sarcomas with doxorubicin, cyclophos- 
phamide and high-dose methotrexate. However, 
these agents in combination with adjuvant 
radiotherapy to thigh or abdomen produced 
permanent testicular failure [ 101. The prognosis 
for fertility in boys with acute lymphoblastic leuke- 
mia is not known [8], although administration of 
antileukemic chemotherapy in boys with acute 
leukemia can be compatible with normal gonadal 
development [ 71. 

Our studies demonstrate that pretreatment 
gonadal dysfunction occurs in patients with tes- 
ticular cancer. Pathologically elevated FSH levels 
in 20% (Fig. 2) and oligozoospermia with reduced 
sperm motility in 60% (Fig. 3, 4) of the patients 
before chemotherapy reflect the impairment of 
germinal epithelium. Primary dysgenesis of ger- 

Table 2. Statistical analyses of serum FSH and LH before, dwing and after chemotherapy 

FSH LH 
No. of pathologically elevated serum hormone levels 

Before 
chemotherapy 

Dwing 
chemotherapy 

1st year after 
chemotherapy 

5120 +l+l+l+l 6120 ‘1 9 +I 1 

11/14 + K 

2nd year after 
chemotherapy 

3rd year after 
chemotherapy 

.,~~~ :q 

II 

i”!. 

In men with normal spermatogenesis, an inhibitor 
(INHI) of FSH is assumed to be produced by the 
testes (Fig. 1). When the germinal epithelium is 
impaired, e.g. by cytotoxic drugs, FSH blood l&els 
rise. The Leydig-cells produce testosterone in a 
feedback cycle with LH. In complete Leydig-cel1 
failure, levels of LH rise and testosterone levels fa11 ’ 
(Fig. 1). Therefore FSH and LH levels reflect the 
state of germinal epithelium and Leydig-cells. 
Furthermore, semcn analyses are required to deter- 

minal epithelium, benign testicular lesions, endo- 
crinological or immunological neoplastic effects are 
discussed to be responsible for this pretreatment 
gonadal dysfunction [ 181. However, we assume 
that rather tumor effects may induce the reduction 
of pretreatment fertility than preexistent testicular 
lesions, because 22% of our patients fathered chil- 
dren before a testicular tumor was diagnosed 
(Table 3). The effects of chemotherapy with the 
PVB f A-regimen in the first year after che- 
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Table 3. Marital statm, children and sexual functions of 36 
patients with testicular cancer before and after chemotherapy 

Beforr chemothcrapy After chemotherapy 

Unmarrird 
Married 
Divorced 

Children 
Future fk-tility 
wishe 

Libido 
Ercction 
Ejaculation 
Orgasm 

78% (28/36) 64% (23/36) 
22% ( 8/36) 34% ( 12/36) 

- ( 0/36) 3% ( 1/36) 

22% ( 8/36) 25% ( 9/36) 

81% (29/36) 86% (31/36) 

100% (36/36) 100% (36/36) 
100% (36/36) 100% (36/36) 
50% (18/36) 50% (18/36) 

100% (36/36) 100% (36/36) 

motherapy were substantial, as 100% of our pa- 
tients rendered azoospcrmic (Fig. 3) and 95% 
revealed statistically significant elevated FSH 
valucs (P = 0.0001) (Fig. 2, Table 2). During the 
follow up thcrc was a continuous decrease of FSH 
levels. In the third year or later after chemotherapy 
80% of the patients showed normalization of FSH 
levels and 100% recovery of sperm production 
indicating the restitution of spermatogenesis in 
most patients 3 yr after therapy with PVB + 
A-regimen (Fig. 2, 3). 

Although these results emphasize the recovery of 
spcrmatogenesis, the minority of our patients 
fathercd childrcn after chemotherapy probably due 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

to reduced sperm motility (Fig. 4). Since serum LH 
and tcstostcrone lcvels were not statistically signi- 
ficantly altcred beforc, during and aftcr chcmothcr- 
apy (Fig. 2, Tablc 2), Leydig-cells obviously wcrc 
not injured by cytotoxic drugs. According to the 
normal testosterone levels, libido, crcction and 
orgasm were not disturbcd in al1 paticnts aftcr 
chemothcrapy (Tablc 3). Our scxual questionnaire 
underlines the real importancc of protcction of 
fertility, since 86% of our paticnts reportcd to have 
future fertility wishes (Table 3). Neverthclrss, 
RLND caused most probably irreversiblc infcrtility 
in 57% of our patients. Although sperm count 
could be improved by alpha-sympathomimetics 
(Fig. 3), fathership in patients with loss of cjacula- 
tion has been observed only exceptionally [ 121. 

In conclusion, our studies document that fertility 
is a major problem in this patient population of 
young men with testicular cancer and a high 
probability of cure. 

We have shown that PVB * A-regimen causcs 

germinal aplasia in al1 patients. Although our data 
emphasize recovery of spermatogcnesis in most 
patients in the third year after cessation of che- 
motherapy the minority only fathcred childrcn 
after chemotherapy probably due to reduced spcrm 
motility. Future efforts should be directed to trcat- 
ment modalities which supplement more conserva- 
tive surgical measures and protect spermatogenesis 
during chemotherapy, thus improving thc quality 
of life for the cured patients. 
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