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patients who received full doses or nearly full doses of chemo- 
therapy is small (27-51% in different groups), the findings 
are consistent with the importance of dose intensity or of 
administration of full doses of chemotherapy. 

be needed to detect a true reduction in locoregional recurrence 
of the magnitude seen in this one. 

The other findings of interest relate to postmastectomy radio- 
therapy. Survival was not at all different in patients with 2 four 
nodes who received radiotherapy. There was a suggestion of a 
radiotherapy effect with fewer locoregional recurrences 
(P = 0.067). This difference is not significant by conventional 
tests of significance; a study with a larger number of recurrences 
would be required to detect a true reduction in locoregional 
recurrence of this magnitude. The expense and toxicity of 
postmastectomy radiotherapy [7], as well as its modest effect in 
reducing locoregional recurrence when given in addition to 
chemotherapy, do not support its routine use. Limiting its 
use to groups of patients at higher risk of recurrence after 
mastectomy and chemotherapy than those in this study would 
seem judicious. 

2. 

2. 

In summary, the results of this prospective study indicate no 
advantage for 12 as compared with 6 months of adjuvant CMF 
chemotherapy in women with breast cancer and positive axillary 
nodes. There is a suggestion of a decrease in locoregional 
recurrence from postmastectomy regional radiotherapy given 
before 6 months of CMF chemotherapy, but there was no effect 
on survival. A study with a larger number of recurrences would 
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Vincristine is Associated with the Risk of 
Azoospermia in Adult Male Survivors of 

Childhood Malignancies 
Jukka Rautonen, Aarne I. Koskimies and Martti A. Siimes 

Of 55 males, currently above 18 years of age, diagnosed with and treated for different malignancies in childhood 
between 1960 and 1985 at a single institution, 28 (51%) were azoospermic. The age of the patient, testicular 
irradiation, four different therapeutic agents (L-asparaginase, cyclophosphamide, doxorubicin, vincristine) and 
one combination (MOPP, nitrogen mustard, vincristine, procarbazine, prednisone) were each associated with 
the risk of axoospermia. However, in multivariate analysis vineristine had the statistically most significant 
independent effect on the risk of axoospermia, the risk being 5-fold (95% confidence limits 1.3-18.8, P = 0.02) 
that in patients who had not received vincristine. The risk of axoospermia in patients who had received 
cyclophosphamide was 3.4-fold (0.95-12.3, P = 0.06) and in those who had received testicular irradiation it was 
8.2-fold (0.75-90.9, P = 0.09) that of others. Normospermia (22% of patients) was not incompatible with any of 
the more commonly used modes of therapy. We conclude that vincristine may have a previously unrecognised 
important role in causing azoospermia, possibly irreversible, when administered in childhood or adolescence. 
EurJ Cancer, Vol. 28A, No. 11, pp. 1837-1841,1992. 

INTRODUCTION [ 13-171. Since the toxic effect of any agent or treatment modality 
TESTICULAR IRRADIATION and various chemotherapeutic agents may be different on a prepubertal or pubertal as opposed to a 
used in the treatment of malignant diseases are known to cause mature testis, it is crucial to assess the toxic effects of individual 
temporary or even permanent disturbances in spermatogenesis agents in the pediatric population as well. Unfortunately the 
[l-12]. However, most studies have included only patients who simultaneous use of many drugs makes this task difficult. We 
received treatment as adults, and very little is known about have attempted to overcome this difficulty by using statistical 
fertility in adult male survivors of malignancies of childhood multivariate methods, not used in previous studies, to identify 
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the factors having an independent effect on semen quality and 
quantity in 55 adult male survivors ofmalignancies ofchildhood. 

PATIENTS AND METHODS 
Patients and treatment 

Our series comprised all 55 males who had been diagnosed 
and treated for different malignant diseases at the Children’s 
Hospital, University of Helsinki, from 1960 to 1985, and who 
agreed to semen analysis. The study protocol was approved by 
the ethical committee of the Children’s Hospital. The median 
age of the patients at initial diagnosis had been 10 years with a 
range from 1 day to 15 years, and at the time of study it was 20 
(18-43) years. Median length of follow-up was 11(2.5-30) years; 
85% of the patients had been followed up for at least 5 years and 
themajority (60%) had been followed for more than 10 years. The 
diagnoses included leukaemia (n = ll), lymphoma (n = 12), 
Wilms’ tumour (n = 9), neuroblastoma (n = 7), different sar- 
comas (n = 13), and others (n = 3; papillary thyroid carcinoma, 
spinal glioma, and malignant blue naevus). The treatment in 
each case had consisted of different combinations of surgery, 
irradiation therapy, and various cytostatic agents. Of the 7 
patients who had received testicular irradiation, 6 had received 
bilateral irradiation, 1 having received 21 Gy and 5 received 
24 Gy, and 1 patient had undergone a unilateral orchiectomy 
and irradiation (24 Gy) of the remaining testis. Of the 12 patients 
with central nervous system irradiation, 11 had received cranial 
irradiation (24 Gy) and 1 patient with spinal glioma had received 
craniospinal irradiation (40 Gy). 17 patients had received sub- 
diaphragmatic irradiation therapy (9 with Wilms’ tumour, 3 
with lymphoma, 2 with neuroblastoma, and 3 with different 
sarcomas). 

Semen analysis 
One semen specimen was collected from each patient by 

masturbation, either at the clinic or at home immediately before 
the clinic appointment, after an abstinence period of at least 3 
days. The parameters determined included ejaculate volume, 
sperm density, total sperm count, percentage of mobile sperm, 
grade of motility, lifetime, agglutination, percentage of sperm 
with morphologically abnormal heads, midpieces, and tails, and 
total percentage of abnormal sperm [18]. Normospermia was 
defmed as: (1) ejaculate volume 3 2.0 ml; (2) sperm concen- 
tration 3 20 X 10Yml; (3) sperm motility t 50%; (4) life span 
2 48 h; and (5) structural anomalies in < 50% of sperm cells. 
All five requirements had to be fulfilled; thus, patients with, 
e.g. slightly decreased sperm count and those with normal 
counts but decreased ejaculate volume were not considered 
normospermic. Azoospermia was defined as the total absence of 
sperm cells. 

Statistical methods 
The differences in the incidence of azoospermia between 

various groups were analysed with the likelihood ratio x2 test 
and the differences in sperm count or concentration or in 
ejaculate volume with analysis of variance (ANOVA). Linear 
correlation coefficients were calculated to study the association 
between sperm count and age or duration of follow-up. Multiple 
linear regression analysis was performed to identify the factors 
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Fig. 1. The effect of cyclophosphamide and vincristine therapy on 
sperm count in adult males cured of cancer in childhood. The 

horizontal bars denote the mean value in each group. 

independently associated with ejaculate volume, sperm count 
and sperm concentration; a logarithmic transformation of the 
latter two was used. Logistic regression analysis was used to 
identify the factors associated with azoospermia. All multivariate 
analyses were done in a forward-stepping manner, all variables 
being available for inclusion in the model. After the model was 
completed, we tested whether the inclusion of interaction terms, 
e.g. age and vincristine receipt, would further improve the 
model. Since the association between age at diagnosis and the 
risk of testicular damage was not linear, age was not regarded as 
a continuous variable in the regression analyses. Instead, a 
following classification was used: O-l year (n = ll), 2-5 years 
(n = lo), 6-10 years (n = 12), 11-13 years (n = 14), and 14-16 
years(n = 8). 

RESULTS 
Of the 55 patients, 28 (51%) were azoospermic. Total sperm 

cell counts in the remaining 27 patients ranged from 10000 to 
650 x 106. The correlations between sperm count and the 
duration of follow-up (r = 0.14, P = 0.3) or age at diagnosis 
(r = -0.14, P = 0.3) were not statistically significant. 

In multivariate analysis only the use of vincristine (P < 0.01) 
and cyclophosphamide (P = 0.01) were shown to be indepen- 
dently associated with sperm count; the effects of these agents 
seemed to be additive (Fig. 1). Neither their mutual interaction 
nor their interaction with age at diagnosis were statistically 
significant. There was an inverse relationship between vincris- 
tine dose (in mg/m*) and sperm count (r = -0.42, P = 0.002). 
Of the 7 patients who had received testicular irradiation, 6 were 
azoospermic, and all of these had received vincristine (n = 2) or 
cyclophosphamide (n = 1) or both (n = 3); the 1 patient who 
had received only testicular irradiation was normospermic. 

Sperm concentrations in the 27 patients who were not azoo- 
spermic ranged from 10000 to 425 x 106/ml (median 
67 x lO’?ml). In multivariate analysis, vincristine was the only 
agent independently associated with sperm concentration. The 
mean concentration in all patients who had received vincristine 
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Table 1. Diagnosis, age at diagnosis, and risk 
of azoospermia in males cured of cancer in 

childhood. 

Azoospermic 
n (%) P 

All patients 

Diagnosis 
Leukaemia 
Lymphoma 
Wilms’ tumour 
Neuroblastoma 
Sarcoma 
Other 

Age at diagnosis (years) 
&l 
2-5 
6-10 
11-13 
14-16 

55 51 

0.10 
11 64 
12 58 
9 22 
7 57 

13 62 
3 0 

0.05 
11 55 
10 20 
12 58 
14 43 
8 88 

was 12.5 x 10Vml as compared with 76.8 x 106/ml in the others 
(P < 0.001). 

Patients cured of leukaemia tended to be azoospermic more 
often than the others (Table l), although this difference was not 
statistically significant. Age at diagnosis also had an effect 
on subsequent fertility (Table 1). Further, many individual 
therapeutic agents were associated with azoospermia (Table 2). 
The risk of azoospermia was 100% in the few patients whose 
therapy had included MOPP (nitrogen mustard, vincristine, 
prednisone, and procarbazine) or cisplatin. However, vincristine 
was identified by multivariate analysis as having the statistically 

most significant independent effect on the risk of azoospermia, 
the risk being 5-fold (95% confidence limits 1.3-18.8, P = 0.02) 
that of other patients. The risk of azoospermia in patients having 
received cyclophosphamide was 3.4-fold (0.95-12.3, P = 0.06) 
and in those having received testicular irradiation 8.2-fold 
(0.75-90.9, P = 0.09) that of others. Neither age at diagnosis 
nor the interactions between age and the receipt of vincristine, 
cyclophosphamide, or testicular irradiation, had an independent 
effect on the risk of azoospermia. It may be seen in Fig. 2 that 
in each age group there was an association between vincristine 
and risk of azoospermia. 

Table 2. The association between different therapeutic agents 
and risk of azoospermia in males cured of cancer in childhood 

The median volume of ejaculate in the patients was 2.0 ml 
with a range from 0.25 to 5 ml. In 18 patients (33%) the volume 
was abnormally low. Two factors, abdominal irradiation and 
cyclophosphamide therapy, were identified as having an inde- 
pendent effect on the ejaculate volume (Fig. 3). Abdominal 

Present Absent 6r 

Risk factor 
Azoospermic Azoospermic 

?I (%) n (Oh) P 

Irradiation 
Abdominal 17 47 38 53 0.70 
Cranial 12 59 43 49 0.56 
Mediastinal 7 71 48 48 0.24 
Testicular 7 86 48 46 0.04 

Actinomycin D 16 44 39 54 0.50 
Cytarabine 5 80 50 48 0.16 
L-Asparaginase 7 86 48 46 0.04 
Bleomycin 1 100 54 50 0.24 
Cisplatin 2 100 53 49 0.10 
Cyclophosphamide 28 71 27 30 0.002 
Doxorubicin 18 72 37 41 0.03 
6-Mercaptopurine 14 50 41 51 0.95 
Methotrexate 

High-dose 10 60 45 49 0.52 
Per oral 12 50 43 51 0.94 

MOW* 3 100 52 48 0.04 
Vincristine 33 70 22 23 <O.OOl 

‘MOPE’ = Nitrogen mustard, vincristine, procarbazine and predni- 
sone. 

Cyclophosphamide 
_ + - + 

Abdominal irradlatlon - - + + 

n 18 20 9 8 

Fig. 3. The effect of cyclophosphamide and abdominal irradiation 
on ejaculate volume in adult males cured of cancer in childhood. The 

horizontal bars denote the mean value in each group. 

Azoospermlc Others Normospermlc 

n=28 n=l5 n= 12 

Fig. 2. The association between age at diagnosis, vincristine therapy, 
and fertility in males cured of cancer in childhood. Patients who had 
received vincristine are marked with black circles and those who had 
not with white circles. Azoo = azoospermic, Other = oligozoo-, 

asthenozoo-, or hypospermia, Normo = normospermic. 



1840 J. Rautonen et al. 

irradiation decreased the volume by an average of 1.2 ml (95% 
confidence limits 0.4-1.9 ml, P = 0.002) and cyclophospham- 
ide by an average of 0.9 ml (0.2-1.5 ml, P = 0.01). Testicular 
irradiation, other cytostatic agents, and abdominal or retroperi- 
toneal surgery had no significant effect on the volume after these 
two factors were taken into account. There was no correlation 
between ejaculate volume and sperm concentration (r = 0.06, 
P = 0.7). 

Of the 27 patients who were not azoospermic, none had more 
than 50% structurally abnormal sperm cells (median 25%, range 
lw9%). In 4 patients sperm motility was abnormally low, and 
in 5 patients the life span of sperm cells was diminished to 
less than 48 h. No risk factors were associated with these 
abnormalities. Only 12 patients (22%) were normospermic. 
Normospermia was not incompatible with any of the more 
commonly used modes of therapy. Of the 3 patients treated with 
surgery only, 2 were normospermic and 1 was azoospermic. 

DISCUSSION 
Our results show that half of the male survivors of malignanc- 

ies of childhood are azoospermic. Since at the time of the study 
therapy had been discontinued in most patients for at least 5 
years, it is reasonable to assume that the azoospermia is perma- 
nent. In addition to the azoospermic patients, almost one third 
had abnormal findings in semen analysis, leaving only 22% of 
the males normospermic. 

The most interesting result of our study is undoubtedly the 
significant risk of azoospermia associated with use of vincristine. 
To our knowledge, this association has not been previously 
reported. In experimental studies in mice vincristine does not 
seem to be very spermatotoxic [ 191; however, the extrapolation 
of results derived from animal studies for use in humans is not 
straightforward as illustrated by doxorubicin, a drug found to 
be very spermatotoxic in mice [ 191 but much less so in humans 
[20]. It should be noted that vincristine is also included in 
MOPP, widely known to be very spermatotoxic [7-91; the effect 
of vincristine may have gone unnoticed, being masked by the 
effects of nitrogen mustard and procarbazine [ 11, 2 11. 

The association between age at diagnosis and risk of sub- 
sequent azoospermia, although not statistically significant, is 
interesting. It could be speculated that the prepubertal testis is 
less vulnerable to spermatotoxicity than the pubertal testis; 
however, at least with the use of cyclophosphamide this does not 
appear to be true [lo]. Further, the absence of an independent 
association between age at diagnosis and risk of azoospermia in 
the present study does not support the speculation. It should be 
recognised that our series, even if larger than those previously 
reported, is still too small to allow for definite conclusions, and 
the results obtained must be treated cautiously. It is possible, 
therefore, that the boys treated during puberty incur a higher 
risk of azoospermia than those treated before the onset of 
puberty. The situation is perhaps reversed in the lower end of 
the age spectrum, as indicated by Fig. 2, boys aged < 1 year 
being at greater risk of azoospermia regardless of the therapy 
used. 

Sperm production in adult male survivors of malignancies of 
childhood has recently been analysed in two studies. In the first 
one [15] data on vincristine were not presented. In the second 
one [16] the authors stated that vincristine did not appear to 
affect spermatogenesis; however, of the 15 patients in their 
series who had received vincristine and on whom semen analysis 
was done, all but 1 were azoospermic. The latter study illustrates 

the difficulties in assessing the individual toxic effect of a single 
drug often used in combination with other drugs. 

In our series, 1 patient was azoospermic despite treatment 
which consisted only of surgery, whereas another was normo- 
spermic in spite of having received large doses of vincristine 
(52.5 mg/m*) and cyclophosphamide (27000 mg/m2), and cran- 
ial irradiation (2400 cGy). Further, the only patient who had 
received testicular irradiation (2400 cGy) without vincristine 
and cyclophosphamide was normospermic. These findings 
emphasise the marked individual differences in susceptibility to 
the spermatotoxic effects of different agents. 

One third of the patients demonstrated low volume on their 
semen analysis. This finding could have been the result of 
retrograde ejaculation, ejaculatory tract obstruction, damage to 
the autonomic innervation required for normal ejaculation, 
or incomplete specimen collection. The association between 
ejaculate volume and abdominal irradiation and cyclophospham- 
ide indicates that the low volume can not be attributed solely to 
problems in specimen collection. At the time of the study, serum 
testosterone levels were normal in all patients (data not shown) 
making testosterone deficiency an unlikely cause of decreased 
ejaculate volume. It is interesting that abdominal or retroperi- 
toneal surgery was not associated with alterations in ejaculate 
volume. The mechanisms underlying these associations remain 
unknown. Regardless of the mechanism, however, very low 
ejaculate volume may contribute to impaired fertility. 

We conclude that vincristine may have a pr@viously unrecog- 
nised role in causing azoospermia, possibly irreversible, when 
administered in childhood or adolescence. However, the exist- 
ence of marked individual differences in susceptibility to the 
spermatotoxic effects of chemotherapeutic agents or testicular 
irradiation should be emphasised. 
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Radiation Therapy in Clinical Stage I and II 
Hodgkin’s Disease 

Mary K. Gospodarowicz, S.B. Sutcliffe, D.E. Bergsagel and T. Chua 
for the Princess Margaret Hospital Lymphoma Group 

A review of the Princess Margaret Hospital experience over the last 20 years in treating clinically staged patients 
with stage I and II Hodgkin’s disease was performed to analyse the impact of patient selection and extended field 
radiation on relapse and survival. Of the 878 patients with stage I and II Hodgkin’s disease, 521 with clinical 
stages I and II received radiation alone as the initial treatment. The actuarial survival for all stage I and II 
patients was 85.1% at 5 years and 76.2% at 10 years, and for clinically staged patients treated with radiation 
alone, 87.2 and 77.6%, respectively. The relapse-free rate (RFR) for all clinical stage I and II patients treated 
with radiotherapy (RT) alone was 70.1% at 5 years and 65.8% at 10 years. Significant prognostic factors for RFR 
and survival included age, stage and histology. In addition, the extent of radiation was identified as an independent 
prognostic factor for survival as well as for relapse. The RFR for those treated with involved field RT was 58.4% 
at 5 years and 50.5% at 10 years; for patients treated with mantle RT, 69.9 and 65.6%, and those treated with 
extended field RT 77.4 and 75.8%, respectively. In a highly selected group of patients with no adverse features, 
i.e. with stages IA-IIA, lymphocyte predominant or nodular sclerosis histology, erythrocyte sedimentation rate 
< 40, age < 50, no large mediastinal mass, and no E-lesions-the policy of mantle RT (M) and extended field 
RT (EF) produced comparable S-year relapse-free rates (M, 84.9%; EF, 87.1%; P = 0.53). We conclude that a 
policy of treatment selection based upon clinicopathological prognostic factors and the use of extended field RT 
confers excellent results in the treatment of clinical stage I and II Hodgkin’s disease. 
EurJ Cuncer, Vol. 28A, No. 11, pp. 1841-1846,1992. 

INTRODUCTION 
IRRADIATION IS the most effective single agent for the treatment 

of Hodgkin’s disease. Prior to the availability of effective chemo- 
therapy (CT), all patients with Hodgkin’s disease were treated 
with radiation therapy, with approximately 40% surviving for 5 
years. Since the 1950s it has been recognised that radiotherapy 
(RT) cart cure the majority of patients with local&d stage I and 
II disease [ 1, 21. The results of RT in the treatment of patients 
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with clinical stage III and IV disease were unsatisfactory and for 
the last 20 years these patients have been managed with primary 
chemotherapy [3]. Thus, with the availability of curative chemo- 
therapy, selection for treatment with RT alone has been contin- 
gent upon accurate identification of the anatomical extent of 
disease. This resulted in the widespread use of staging lapar- 
otomy to determine the extent of intra-abdominal involvement 
and, in particular, the spleen [4-71. 

It has been known for many years that factors other than stage 
affect the prognosis of patients with early stage Hodgkin’s 
disease. However, only in the last decade have these factors 
been taken into account systematically in the selection of optimal 
therapy. Prospective randomised studies conducted by the 
EORTC Lymphoma Group have validated the use of the above 
approach [g-l 11. 


