
www.thelancet.com/oncology   Vol 15   October 2014 1215

Articles

Cumulative alkylating agent exposure and semen 
parameters in adult survivors of childhood cancer: a report 
from the St Jude Lifetime Cohort Study
Daniel M Green, Wei Liu, William H Kutteh, Raymond W Ke, Kyla C Shelton, Charles A Sklar, Wassim Chemaitilly, Ching-Hon Pui, James L Klosky, 
Sheri L Spunt, Monika L Metzger, DeoKumar Srivastava, Kirsten K Ness, Leslie L Robison, Melissa M Hudson

Summary
Background Few data defi ne the dose-specifi c relation between alkylating agent exposure and semen variables in adult 
survivors of childhood cancer. We undertook this study to test the hypothesis that increased exposure to alkylating 
agents would be associated with decreased sperm concentration in a cohort of adult male survivors of childhood 
cancer who were not exposed to radiation therapy for their childhood cancer.

Methods We did semen analysis on 214 adult male survivors of childhood cancer (median age 7·7 years [range 
0·01–20·3] at diagnosis, 29·0 years [18·4–56·1] at assessment, and a median of 21·0 years [10·5–41·6] since diagnosis) 
who had received alkylating agent chemotherapy but no radiation therapy. Alkylating agent exposure was estimated 
using the cyclophosphamide equivalent dose (CED). Odds ratios (ORs) and 95% CIs for oligospermia (sperm 
concentration >0 and <15 million per mL) and azoospermia were calculated with logistic regression modelling.

Findings Azoospermia was noted in 53 (25%) of 214 participants, oligospermia in 59 (28%), and normospermia 
(sperm concentration ≥15 million per mL) in 102 (48%) participants. 31 (89%) of 35 participants who received 
CED less than 4000 mg/m² were normospermic. CED was negatively correlated with sperm concentration 
(correlation coeffi  cient=–0·37, p<0·0001). Mean CED was 10 830 mg/m² (SD 7274) in patients with azoospermia, 
8480 mg/m² (4264) in patients with oligospermia, and 6626 mg/m² (3576) in patients with normospermia. In 
multivariable analysis, CED was signifi cantly associated with an increased risk per 1000 mg/m² CED for 
azoospermia (OR 1·22, 95% CI 1·11–1·34), and for oligospermia (1·14, 1·04–1·25), but age at diagnosis and age 
at assessment were not.

Interpretation Impaired spermatogenesis was unlikely when the CED was less than 4000 mg/m². Although sperm 
concentration decreases with increasing CED, there was substantial overlap of CED associated with normospermia, 
oligospermia, and azoospermia. These data can inform pretreatment patient counselling and use of fertility 
preservation services.

Funding US National Cancer Institute, American Lebanese Syrian Associated Charities.

Introduction
The treatment of children and adolescents with cancer 
has become increasingly successful, with about 80% of 
patients surviving 5 years or more after diagnosis.1 
Irradiation of the testes or treatment with certain classes 
of chemotherapeutic agents, especially alkylating agents, 
might impair fertility,2,3 a risk that increases with 
cumulative doses of alkylating agents, as estimated by 
the cyclophosphamide equivalent dose (CED).4 Published 
work about the relation between cumulative alkylating 
agent exposure and semen variables in adult survivors of 
childhood cancer is scarce, and often confounded by 
radiation exposure to the testes or hypothalamic–
pituitary axis. We undertook the present study to 
investigate the independent role of alkylating agent 
exposure to test the hypothesis that increased exposure 
would be associated with decreased sperm concentration 
in a cohort of adult male survivors of childhood cancer 
who were not exposed to radiation therapy for their 
childhood cancer.

Methods
Study design and participants
Our analysis used data available as of April 30, 2013, for 
male participants in the St Jude Lifetime Cohort Study 
(SJLIFE) diagnosed and treated for cancer between 1970 
and 2002. The continuing SJLIFE5,6 study includes 
patients 0–28 years of age at diagnosis who meet the 
following criteria: diagnosis of childhood malignancy 
treated at St Jude Children’s Research Hospital; survival 
for 10 years or more from diagnosis; and a present age 
18 years or older. SJLIFE participants undergo risk-based 
health screening pertinent to the specifi c treatment 
received for childhood cancer.7 Although physical 
examination included testicular examination, assessment 
of testicular volume was inconsistently done, and 
therefore not included in this analysis. Semen analysis 
was off ered to men who had received gonadotoxic 
treatments (exposure to an alkylating agent, testicular 
irradiation [any dose], or hypothalamic–pituitary 
irradiation [≥40 Gy]). We restricted analysis to those 
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whose exposure to gonadotoxic therapy was only 
alkylating agent chemotherapy. We excluded from the 
analyses patients who had undergone vasectomy, 
received any radiation therapy, or were receiving 
androgen treatment. Additional details regarding SJLIFE 
are provided in the appendix. This investigation was 
approved by the institutional review board in accordance 
with an assurance fi led with and approved by the 
Department of Health and Human Services. All 
participants or their guardians gave written informed 
consent.

Procedures
Cumulative doses for 32 specifi c chemotherapeutic 
agents (appendix) were abstracted according to a protocol 
similar to that used in the Childhood Cancer Survivor 
Study (CCSS).8 CED was calculated using the following 
formula: CED (mg/m²)=1·0 (cumulative cyclo-
phosphamide dose [mg/m²]) + 0·244 (cumulative ifos-
famide dose [mg/m²]) + 0·857 (cumulative procarbazine 
dose [mg/m²]) + 14·286 (cumulative chlorambucil dose 
[mg/m²]) + 15·0 (cumulative carmustine dose [mg/m²])
 + 16·0 (cumulative lomustine dose [mg/m²]) + 40 (cumu-
lative melphalan dose [mg/m²]) + 50 (cumulative thiotepa 
dose [mg/m²]) + 100 cumulative chlormethine dose 
[mg/m²]) + 8·823 (cumu lative busulfan dose [mg/m²]).4 

We did a systematic review of medical records for all 
participants to ascertain physical and demographic 
characteristics. Assessment of Tanner stage at diagnosis 
was not routinely available and therefore not included in 
the analysis.

Semen samples were collected via masturbation in a 
private location at the fertility clinic after a planned 
minimum of 2 days and a maximum of 7 days of sexual 
abstinence and were processed within 30 min of collection 
following the 2010 WHO guidelines.9 Samples were 
allowed to liquefy and time to liquefaction was recorded. 
The raw sample was microscopically assessed. The sample 
was centrifuged and concentrated if no sperm were 
detected. The concentrated sample was assessed again 
before being classifi ed as azoospermic. Specimens that 
contained more than zero and less than 15 million sperm 
per mL were classifi ed as oligospermic and those with 
15 million or more per mL were classifi ed as normospermic. 
Several additional characteristics, including motility (%),9 
progressive motility (0–4),10,11 and morphology (≥4% Kruger 
strict),9 were assessed in the semen specimens that were 
not azoospermic. At the time of collection, if there was a 
history of fever over 38·9°C during the preceding 3 months, 
any hormonal medication use, or recent genitourinary tract 
infection or injury, a request for a repeat specimen in 
1 month to confi rm azoospermia was made.

Statistical analysis
Demographic and treatment characteristics of semen 
analysis participants, semen analysis non-participants, 
and SJLIFE non-participants were assessed using 
descriptive statistics, whereas chemotherapeutic 
exposures were compared using the Wilcoxon rank-sum 
test without adjusting for multiple comparisons. 
Diff erences across the three sperm concentration groups 
(azoospermia, oligospermia, and normospermia) with 
respect to ethnic origin, age at diagnosis, age at semen 
collection, self-reported health status, and chemotherapy 
exposures were fi rst assessed using a Kruskal-Wallis test 
or χ² test in a univariate manner. Factors signifi cant at an 
a of 0·10 (CED and age at diagnosis) were incorporated 
into the multinomial logistic regression model as 
continuous variables (age at semen collection was forced 
into the fi nal model because of the known association 
between declines in sperm concentration with increasing 
age). Odds ratios (ORs) and 95% CIs for the fi nal model 
are reported (appendix). Associations between sperm 
characteristics (motility, progressive motility, and 
morphology) with oligospermia and normospermia 
groups were assessed using Fisher’s exact test. Similarly, 
the association between sperm characteristics and CED 
(categorised as 0–<4000, 4000–<8000, and ≥8000 mg/m²) 
were assessed using an exact Pearson χ² test,12 and 
implemented using the RXC procedure in StatXact. 
Subgroup analysis in osteosarcoma and neuroblastoma 
survivors, who also received cisplatin, was done to assess 
the eff ect of exposure to this agent on spermatogenesis. 

See Online for appendix

2525 potentially eligible for SJLIFE
(data until April 30, 2013; data through all blocks)

125 determined ineligible for SJLIFE

549 confirmed eligible after applying restriction criteria

262 SJLIFE non-participants
39 active refusal

113 passive non-participant
20 lost to follow-up
71 interested but campus visit pending
19 survey only

61 semen analysis non-participants
Declined, previously tested, or other problems 
with sample or schedule 

1851 determined ineligible for semen analysis project

226 participants in semen analysis project

12 not assessable

214 assessable for semen analysis
(39% assessable out of confirmed eligible)

Figure 1: Study profi le
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The exact Pearson χ² test was used to test the association 
between treatment with cisplatin (yes or no) and semen 
category. All other analyses were done using SAS software. 
p values less than 0·05 were considered signifi cant.

Role of the funding source
The US National Cancer Institute and the American 
Lebanese Syrian Associated Charities had no role in the 
study design, collection, analysis or interpretation of the 
data, the writing of the paper, or the decision to submit 
the paper for publication. The corresponding author had 
full access to all of the data and the fi nal responsibility to 
submit for publication.

Results
Of 2400 males eligible for the SJLIFE study as of April 
30, 2013, 1851 were excluded from the present analysis 
because of a history of any radiation treatment, no 
alkylating agent exposure, vasectomy, or present use of 
androgens. No patient underwent bilteral orchiectomy. 
Of the 549 men eligible for the semen analysis project, 
226 (41%) participated in a SJLIFE on-campus 
assessment and agreed to semen analysis. 12 were 
unable to produce a semen specimen, resulting in 
214 assessable participants (fi gure 1). 27 participants did 
not strictly follow the WHO guidelines for duration of 
abstinence (two had 0 days of abstinence, 11 had 1 day, 
14 had greater than 7 days; two participants had an 
unknown number of days abstinent) but were included 
in the study sample because examination of the sperm 
concentrations for these patients revealed no consistent 
pattern related to their non-compliance or unknown 
status, and multivariable analyses excluding them from 
the study population provided the same results.

Demographic and treatment characteristics of the 
semen analysis participants, semen analysis non-
participants, and SJLIFE non-participants are shown in 
tables 1 and 2. SJLIFE non-participants had a higher 
proportion of non-white than both other groups (p=0·009). 
Participants who provided a semen sample were younger 
at cancer diagnosis (p=0·02), less likely to have previously 
fathered children than the semen analysis non-
participants (p=0·0003; appendix), but not diff erent in 
self-reported present health status (p=0·41), or the 
cumulative dose of cyclo phos phamide received 
intravenously (p=0·29), orally (p=0·96), or both (p=0·70). 
Comparison of the semen analysis participants with the 
SJLIFE non-participants showed that non-participants 
received signifi cantly less alkylating agent, as estimated by 
the CED (mean 7221 mg/m² [SD 4545] vs 8178 mg/m² 
[5183]; p=0·0006). None of the survivors included in these 
analyses was treated with carmustine, lomustine 
melphalan, or thiotepa, which are included in the CED 
calculation, or with temozolomide, which is not included 
in the CED calculation.

Azoospermia was identifi ed in 53 (25%) of 
214 participants, oligospermia in 59 (28%), and 

normospermia in 102 (48%). Mean CED was 
10 830 mg/m² (SD 7274) for those with azoospermia, 
8480 mg/m² (4264) for those with oligospermia, and 
6626 mg/m² (3576) for those with normospermia 
(fi gure 2A). Of the 35 patients with a CED of less than 
4000 mg/m², 31 (89%) were normospermic (appendix). 
CED and sperm con centration were negatively correlated 
(r=–0·37, p<0·0001; fi gure 2B).

Study participants Study non-
participants (n=262)

Semen analysis 
participants (n=214)

Semen analysis non-
participants (n=73)

Age at diagnosis (years)

0–4 83 (39%) 13 (18%) 80 (31%)

5–9 44 (21%) 14 (19%) 62 (24%)

10–14 57 (27%) 20 (27%) 65 (25%)

15–19 30 (14%) 26 (36%) 55 (21%)

Ethnic origin

White 187 (87%) 66 (90%) 206 (79%)

Other 27 (13%) 7 (10%) 56 (21%)

Age at diagnosis (years)

Median (range) 7·7 (0·01–20·3) 13·3 (0·3–23·6) 8·9 (0·04–28·6)

Mean (SD) 8·0 (5·6) 11·6 (6·2) 9·2 (5·9)

Age at assessment (years)

Median (range) 29·0 (18·4–56·1) 33·8 (18·9–55·9) ··

Mean (SD) 29·8 (7·3) 34·6 (8·9) ··

Elapsed time from diagnosis to assessment (years)

Median (range) 21·0 (10·5–41·6) 23·0 (10·4–45·5) ··

Mean (SD) 21·6 (6·7) 23·1 (7·9) ··

Diagnosis

Acute lymphoblastic leukaemia 70 (33%) 19 (26%) 72 (28%)

Acute myeloid leukaemia 5 (2%) 3 (4%) 9 (3%)

Ewing sarcoma family of tumours 5 (2%) 3 (4%) 5 (2%)

Central nervous system 0 (0%) 2 (3%) 1 (<1%)

Other leukaemias 0 (0%) 0 (0%) 1 (<1%)

Wilms’ tumour 0 (0%) 0 (0%) 1 (<1%)

Other malignancy 0 (0%) 1 (1%) 0 (0%)

Hodgkin’s lymphoma 2 (1%) 3 (4%) 4 (2%)

Germ-cell tumour 2 (1%) 0 (0%) 5 (2%)

Melanoma 2 (1%) 0 (0%) 3 (1%)

Histiocytosis 2 (1%) 1 (1%) 4 (2%)

Liver malignancies 1 (<1%) 0 (0%) 0 (0%)

Non-Hodgkin lymphoma 53 (25%) 13 (18%) 80 (31%)

Neuroblastoma 26 (12%) 5 (7%) 29 (11%)

Osteosarcoma 32 (15%) 20 (27%) 28 (11%)

Retinoblastoma 7 (3%) 0 (0%) 8 (3%)

Rhabdomyosarcoma 4 (2%) 2 (3%) 4 (2%)

Soft-tissue sarcoma 3 (1%) 1 (1%) 8 (3%)

Present health

Excellent, very good, good 180 (84%) 57 (80%)* ··

Fair, poor 33 (15%) 14 (20%)* ··

Values are n (%) unless otherwise stated. *Two participants did not complete this section.

Table 1: Characteristics of el igible participants
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Multinomial logistic regression that included, as 
continuous variables, age at diagnosis, age at assessment, 
and CED had ORs for azoospermia of 1·22 (95% CI 
1·11–1·34; p<0·0001), and for oligospermia 1·14 (95% CI 
1·04–1·25; p=0·006) for each 1000 mg/m² increase in 
CED compared with those with normospermia. Age at 
diagnosis and age at assessment were not signifi cant 
independent predictors of azoospermia or oligospermia 
(appendix). As a surrogate for pubertal status, we 
assessed two additional models dichotomising age at 
diagnosis at either 10 or 12 years; neither was statistically 
signifi cant (appendix).

Five patients underwent retroperitoneal lymph node 
dissections. Two were azoospermic, both of whom had 
testicular yolk sac (endodermal sinus) tumours. 
Two with retroperitoneal neuroblastomas were 
oligospermic. One with a paratesticular embryonal 
rhabdomyosarcoma was normospermic (appendix). 
Exclusion of these fi ve patients from the logistic 
regression models did not change the results 
(appendix).

In patients with neuroblastoma or osteosarcoma who 
were treated with an alkylating agent, there was no 
signifi cant diff erence in the distributions of azoospermia, 

Study participants Study non-participants (n=262) Pairwise comparison¶

Semen analysis 
participants (n=214)

Semen analysis non-
participants (n=73)

Semen analysis 
participants vs semen 
analysis non-participants

Semen analysis 
participants vs study 
non-participants

Cyclophosphamide (intravenous)* 161 (75%) 60 (82%) 215 (82%) ·· ··

Median (mg/m²) 7116 (1000–23 793) 6871 (1133–25 750) 6041 (1000–37 685) ·· ··

Mean (mg/m²) 7337 (3748) 8032 (4555) 6821 (4008) 0·31 0·29

Cyclophosphamide (oral)* 17 (8%) 0 (0%) 11 (4%) ·· ··

Median (mg/m2) 6088 (2100–31 894) ·· 6645 (4098–11 519) ·· ··

Mean (mg/m2) 8140 (6753) ·· 6977 (2416) ·· 0·96

Cyclophosphamide (both oral and intravenous) 17 (8%) 5 (7%) 17 (6%) ·· ··

Median (mg/m²) 6961 (4203–14 882) 13 347 (5231–30 968) 7722 (1050–16 363) ·· ··

Mean (mg/m²) 7898 (3153) 15 953 (9573) 8440 (4590) 0·17 0·70

Ifosfamide (intravenous) 26 (12%) 9 (12%) 19 (7%) ·· ··

Median (mg/m2) 40 000 (14 379–72 499) 40 646 (39 750–64 859) 39 706 (6000–57 360) ·· ··

Mean (mg/m2) 41 532 (15 633) 47 178 (10 620) 32 015 (16 944) 0·24 0·062

Procarbazine 2 (1%) 3 (4%) 1 (<1%) ·· ··

Median (mg/m²) 12 469 (4500–20 437) 3116 (2363–3405) 3656 ·· ··

Mean (mg/m²) 12 469 (11 269) 2961 (538) ·· ·· ··

Chlormethine 1 (<1%) 2 (3%) 1 (<1%) ·· ··

Median (mg/m2) 36 34 (31–36) 38

Mean (mg/m2) 36 34 (4) 38 ·· ··

Chlorambucil 0 (0%) 0 (0%) 1 (<1%) ·· ··

Median (mg/m²) ·· ·· 343 ··

Mean (mg/m²) ·· ·· 343 ·· ··

Busulfan 3 (1%) 1 (1%) 4 (2%) ·· ··

Median (mg/m²) 414 (331–494) 508 558 (369–659) ·· ··

Mean (mg/m²) 413 (82) 508 536 (127) ·· ··

CED†

0–<4000 mg/m² 35 (16%) 8 (11%) 46 (19%) ·· ··

≥4000–<8000 mg/m² 82 (38%) 26 (37%) 113 (47%) ·· ··

≥8000 mg/m² 97 (45%) 37 (52%) 80 (33·5%) ·· ··

CED total dose†

Median (mg/m²) 7400 (1000–41 311) 8493 (1133–30 968) 6300 (1000–37 685) ·· ··

Mean (mg/m²) 8178 (5183) 9440 (6333) 7221 (4545) 0·23 < 0·001

Cisplatin only 22 (10%) 11 (15%) 29 (11%) ·· ··

Median (mg/m²) 400 (100–580) 400 (300–957) 400 (181–1043) ·· ··

Mean (mg/m²) 381 (127) 448 (173) 434 (178) ·· ··

Carboplatin only 16 (7%) 4 (5%) 13 (5%) ·· ··

Median (mg/m²) 3389 (2456–4677) 3664 (1392–6710) 2770 (1249–5442) ·· ··

Mean (mg/m²) 3509 (699) 3858 (2293) 2828 (1170) ·· ··

(Table 2 continues on next page)
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oligospermia, and normospermia between patients who 
did or did not receive cisplatin (p=0·11 [exact χ² test]) 
(appendix).

Patients with normospermia were more likely to have 
normal sperm motility and normal sperm morphology 
than those with oligospermia (table 3). However, there 
was no evidence that the prevalence of very low or low 
motility, very low or low progressive motility, or normal 
morphology was correlated with CED in those with 
oligospermia or normospermia (table 4).

Discussion
Alkylating agents interfere with spermatogenesis, but 
there are few data for the eff ect of host and treatment 
factors on this risk in survivors of childhood cancer. 
Using the SJLIFE study, which includes a large cohort of 
well-characterised, unirradiated male survivors of 
childhood cancer, we show a correlation between 
increasing CED and the prevalence of azoospermia 
(panel). Although impaired spermatogenesis was less 
likely when the CED was less than 4000 mg/m², we did 

Study participants Study non-participants (n=262) Pairwise comparison¶

Semen analysis 
participants (n=214)

Semen analysis non-
participants (n=73)

Semen analysis 
participants vs semen 
analysis non-participants

Semen analysis 
participants vs study 
non-participants

(Continued from previous page)

Carboplatin and cisplatin 6 (3%) 2 (3%)‡ 5 (2%) ·· ··

Cisplatin, median (mg/m²) 399 (152–987) 601 600 (403–608) ·· ··

Cisplatin, mean (mg/m²) 462 (303) 601 559 (88) ·· ··

Carboplatin, median (mg/m²) 2450 (1108–5737) 2073 2029 (632–2100) ·· ··

Carboplatin (mg/m²) 2708 (1626) 2073 1778 (641) ·· ··

Dacarbazine 3 (1%) 2 (3%) 4 (2%) ·· ··

Median (mg/m²) 6250 (2228–6445) 1966 (1674–2259) 2259 (1429–6466) 0·44 0·62

Mean (mg/m²) 4974 (2381) 1966 (414) 3997 (2544) ·· ··

Neuroblastoma and osteosarcoma||

Cisplatin only 20 (45·5%)** 11 (50·0%)†† 22 (50·0%)‡‡ ·· ··

Median (mg/m²) 400 (100–580) 400 (300–957) 400 (181–1043) ·· ··

Mean (mg/m²) 400 (115) 448 (173) 415 (188) ·· ··

Data are n of participants (%), median (range) or mean (SD). CED=cyclophosphamide equivalent dose. *22 survivors were missing dose information. †25 survivors were missing CED data: two semen analysis non-
participants and 23 study non-participants did not have complete alkylating exposure data so their CED could not be calculated. ‡Cumulative doses for one patient not available. ¶t-test p value. ||Restricted to 
participants with neuroblastoma or osteosarcoma (n=112). **44 semen analysis participants were treated with a drug included in the CED with or without DDP.   ††22 semen analysis non-participants were 
treated with a drug included in the CED with or without DDP.  ‡‡44 SJLIFE non-participants were treated with a drug included in the CED with or without DDP. 

Table 2: Drug exposure characteristics of participants and non-participants
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Figure 2: Relation between cyclophosphamide equivalent dose and semen analysis (A) and sperm concentration (B)
Means indicated by horizontal lines with each group.



Articles

1220 www.thelancet.com/oncology   Vol 15   October 2014

not identify a cumulative dose below which azoospermia 
did not occur nor one above which azoospermia was 
uniformly present. Additionally, we report—to the best of 
our knowledge—the fi rst analysis of sperm motility and 
morphology in a large number of adult survivors of 
childhood cancer and record abnormalities of motility 
and morphology in some normospermic participants.

Previous investigators showed that adult males treated 
with chemotherapy regimens that included alkylating 

agents (eg, the MOPP regimen, consisting of 
chlormethine, vincristine, procarbazine, and prednisone) 
had a high incidence of azoospermia, with possible 
recovery in those less intensively treated.15–18 Few studies 
report semen analyses in adult survivors of childhood 
cancer who were treated with alkylating agents, with 
most including too few exposed patients to assess dose–
response relations. Kenney and colleagues19 observed 
that spermatogenesis was preserved in survivors of 
childhood cancer who received 6·0 g/m² or less of 
cyclophosphamide compared with none of those who 
received 9·2 g/m² or more. Garolla and colleagues20 
reported a mean sperm concentration of 0·4 million 
per mL (SD 0·7) in eight patients who received 
12·4–18·8 g/m² cyclophosphamide, compared with a 
mean sperm concentration of 46·8 million per mL 
(SD 57·2) in 25 patients who had received 21·6–85·0 g/m² 
of ifosfamide, suggesting that ifosfamide produced less 
severe damage to spermatogenesis. We did not have a 
suffi  ciently large number of patients treated with 
ifosfamide to assess the relative toxicity of ifosfamide 
compared with cyclophosphamide to spermatogenesis.

Other studies of adult survivors of childhood cancer, 
not selected for alkylating agent exposure or diagnosis, 
reported azoospermia in 23 (17·8%) of 129,21 13 (31·0%) 
of 42,22 10 (30·3%) of 33,23 and nine (42·9%) of 
21 participants.24 In survivors of acute lymphoblastic 
leukaemia, azoospermia was reported in 17 (36·2%) of 
4725 and fi ve (26·3%) of 19 patients.26 The only study large 
enough to support multivariable analyses assessed 
chemotherapy exposures using predefi ned sterilising 
cumulative drug doses rather than examining cumulative 
drug exposure as a continuous or categorical variable.21 
Data regarding the prevalence of azoospermia in the 
general population are scarce. Azoospermia was 
identifi ed in between 1·6% (three of 187) and 2·5% (four 
of 162) of Danish men 20–35 years of age living with a 
person of the opposite sex whose partner had no previous 
pregnancies and neither partner had previous knowledge 
of fertility,27 and in 1·9% (10 of 519) of perpetrators of 
sexual assaults assessed by the Metropolitan Police 
Forensic Science Laboratory, London.28

Treatment with cisplatin did not increase the prevalence 
of azoospermia in the subgroup treated for neuroblastoma 
or osteosarcoma, all of whom received an alkylating 
agent included in the CED calculation. Due to the small 
number of patients so treated, the statistical power of this 
analysis is limited. Previous studies of survivors treated 
with cisplatin provided confl icting results.29–32 In 
129 patients referred to the Centres d’Etudes et de 
Conservation des Oeufs et du Sperme Humain for sperm 
banking before testicular germ cell tumour treatment 
who provided serial semen specimens, spermatogenesis 
recovered after two or fewer cycles of bleomycin, 
etoposide, and cisplatin (BEP regimen) at 12 months 
after the start of treatment, and there was slower, but 
complete, recovery at 24 months after the start of therapy 

Oligospermia 
(N=59)†

Normospermia 
(N=102)

p value*

Motility

Very low or low (<40%) 24 (42%) 20 (20%)

Normal (≥40%) 33 (58%) 82 (80%) 0·002

Progressive motility

Very low or low (≤2·0) 23 (40%) 5 (5%)

Normal (>2·0) 34 (60%) 97 (95%) <0·0001

Morphology (% normal)

Low (0–3%) 14 (36%) 9 (9%)

Normal (≥4%) 25 (64%) 93 (91%) <0·0001

Data are n (%). *Exact χ² test. †Data are missing for two participants for motility 
and progressive motility, and for 20 participants for morphology.

Table 3: Sperm characteristics in oligospermic and normospermic semen 
analysis participants

CED (mg/m2)  p value*

0–<4000 4000–<8000 >8000

Oligospermia†

Motility

Very low or low (<40%) 1 (33%) 8 (31%) 15 (54%)

Normal (≥40%) 2 (67%) 18 (70%) 13 (46%) 0·22

Progressive motility

Very low or low (≤2·0) 1 (33%) 9 (35%) 13 (46%)

Normal (>2·0) 2 (67%) 17 (65%) 15 (54%) 0·74

Morphology (% normal)

Low (0–3%) 2 (67%) 7 (37%) 5 (29%)

Normal (≥4%) 1 (33%) 12 (63%) 12 (71%) 0·61

Normospermia

Motility (%)

Very low or low (<40%) 3 (10%) 11 (31%) 6 (17%)

Normal (≥ 40%) 28 (90%) 25 (70%) 29 (83%) 0·10

Progressive motility

Very low or low (≤2·0) 0 (0%) 4 (11%) 1 (3%)

Normal (>2·0) 31 (100%) 32 (89%) 34 (97%) 0·13

Morphology (% normal)

Low (0–3%) 2 (6%) 4 (11%) 3 (9%)

Normal (≥4%) 29 (94%) 32 (89%) 32 (91%) 0·9

Values are n (%) unless otherwise stated. *Exact χ2 test. †Data are missing for two participants for motility and 
progressive motility, and for 20 participants for morphology.

Table 4: Distribution of cyclophosphamide equivalent dose (CED) across categorical semen 
characteristics in oligospermic and normospermic semen analysis participants
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in those who received radiation therapy or three or four 
courses of BEP.33

Emerging evidence suggests that genetic variations 
might be associated with sperm concentrations in the 
normal population34,35 and cancer survivors.36 Genetic 
polymorphisms could be associated with decreased 
therapeutic activity (decreased drug activation) or 
increased toxicity (accelerated drug activation) after 
treatment with alkylating agents.37 Other factors that could 
aff ect our fi ndings include the use of tobacco, alcohol, or 
recreational drugs, unreported use of anabolic steroids 
(participants reporting use of anabolic steroids were 
excluded from the analysis), obesity, unrecognised or 
undiagnosed genitourinary abnormalities (eg, varicoceles), 
and other unknown factors. However, rigorous assessment 
of the potential eff ect of some or all of these factors would 
require a much larger participant population.

No previous study of spermatogenesis after treatment 
for childhood cancer assessed sperm motility or 
morphology. In the normal population, both sperm 
morphology38–41 and sperm motility39–42 could be associated 
with impairment of subsequent male fertility. In the 
present study, less than half of those with oligospermia 
had normal morphology. Progressive motility and 
morphology were at values consistent with impaired 
fertility in a small percentage of those with normospermia. 
Thus, in addition to sperm concentration, abnormalities 
of motility and morphology might be contributing to the 
decreased fertility seen in adult male survivors of 
childhood cancer.3,4

The strengths of this study include the assessment of 
semen specimens from a large number of participants 
treated with alkylating agents who received no radiation 
therapy, and analysis of all semen specimens in a single, 
experienced fertility laboratory. Moreover, to control for 
the eff ect of other factors that might aff ect semen 
parameters, all participants completed a questionnaire 
that included items regarding genitourinary diseases (eg, 
epididymitis and urethritis) and fever during the previous 
3 months. Additionally, results of a concurrent white 
blood cell count documented the very low proportion 
(<4%) with possible infection. Limitations of this study 
should be considered when interpreting the results. 
Because of the logistics for the SJLIFE research study, 
which requires participants to travel long distances to 
St Jude Children’s Research Hospital for an assessment 
lasting several days (average 3 days), we had to rely on a 
single semen sample, by contrast with a minimum of two 
samples recommended when assessing fertility. Moreover, 
although some participants did not strictly adhere to the 
WHO recommended period of abstinence before 
collection of the sample, most reported abstaining within 
the recommended timeframe and restricting the analysis 
to this compliant group did not change the results. Our 
sample size was not suffi  ciently large to consider 
statistically the potential eff ect of factors such as tobacco 
or recreational drug use, dietary or androgen supplements, 

or exposure to extremely hot environments (eg, sauna or 
hot tub), which are known to adversely aff ect sperm 
concentration.41 Our study population represents a highly 
selected group of long-term survivors diagnosed and 
treated at our institution, and followed-up over four 
decades, at a single institution, whose participation was 
restricted by their previous cancer treatment (ie, alkylating 
agent exposure, but not radiation), and other factors 
aff ecting availability and willingness to provide a semen 
sample (eg, participant in the SJLIFE cohort, previously 
known fertility, inability to provide a sample). Specifi cally, 
semen analysis participants were younger at cancer 
diagnosis, less likely to have previously fathered children 
than the semen analysis non-participants, but not diff erent 
in the cumulative dose of cyclophosphamide received. 
The lower rate of previous parenthood in participants 
could have refl ected the higher observed frequency of 
azoospermia and oligospermia. Overall, care should be 
taken in generalising our results to the broader population 
of childhood cancer survivors.

Although exposure data were collected for other drugs 
used for the treatment of various childhood cancers, we 
did not assess the eff ect of antimetabolites (eg, cytosine 
arabinoside, mercaptopurine, and methotrexate) or 
tubulin-binding agents (eg, vincristine or vinblastine) on 
sperm concentration because previous experimental work 
suggested these agents produce negligible eff ects on 
spermatogonial stem cells.43 Additionally, spermatogenesis 

Panel: Research in context

Systematic review
We were familiar with previous work regarding fertility of 
male childhood cancer survivors compared with their 
siblings,3 with reviews done by members of the Male Gonadal 
Function Working Group of the Children’s Oncology Group 
Guidelines Committee13 and by the Male Gonadotoxicity 
Guidelines Group of the International Harmonisation Group.14 

The search terms used in preparation for the Male Gonadal 
Toxcity Guidelines Group of the International Harmonisation 
Group are in the appendix.

Interpretation
Our data support earlier work showing that alkylating agents 
have a negative eff ect on spermatogenesis. However, by 
contrast with other studies, our results indicate no protective 
eff ect of earlier age at diagnosis against the adverse eff ect of 
alkylating agent treatment on spermatogenesis. Our data 
identify a cumulative exposure below which most patients 
will experience normal spermatogenesis, although there is 
substantial overlap above this dose of the outcomes of 
normospermia, oligospermia, and azoospermia with various 
exposure levels. Clinicians could use these data for 
pretreatment counselling and referral of patients for fertility 
preservation interventions, and for guiding future study 
design and research regarding the adverse eff ects of 
alkylating agent exposure on spermatogenesis.
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recovered to normal in most patients treated with 
combination chemotherapy regimens that did not include 
an alkylating agent included in the CED.44–46 Dacarbazine 
was not included in the formulation of the CED because 
appropriate data comparing a regimen in which the only 
substitution was of dacarbazine for another alkylating 
agent were not available.4 However, the available data 
suggest that dacarbazine-containing combination 
chemotherapy regimens with44 or without18 cisplatin have 
a minimal adverse long-term eff ect on spermatogenesis. 
Although the alkylating agent exposures of the entire 
SJLIFE cohort are diverse,6 most patients were treated 
with cyclophosphamide, ifosfamide, or procarbazine, 
restricting the ability to assess the independent or additive 
eff ects of less frequent alkylating agent exposures on 
spermatogenesis.

The role of semen analysis in the follow-up of adult 
survivors of childhood cancer is not well defi ned. Because 
semen analysis is not always acceptable to young men, 
investigations of surrogate markers for sperm 
concentration have been done. Previous data from 
SJLIFE showed that although sperm concentration is 
correlated with both follicle-stimulating hormone and 
inhibin B levels, the specifi city and positive predictive 
value of neither is suffi  ciently good to support use as a 
surrogate for sperm concentration.47 In the SJLIFE 
analysis, the specifi city of the serum level of inhibin B for 
identifying azoospermic survivors was 45·0% and the 
positive predictive value was 52·1%, and for follicle-
stimulating hormone the specifi city was 74·1% and the 
positive predictive value was 65·1%.47 Although male 
survivors of childhood cancer exposed to gonadal toxic 
therapy are at risk of reduced fertility, it is not 
recommended that semen analysis be part of routine 
follow-up care. Rather, it should be used in assessment of 
fertility for survivors who encounter diffi  culties in 
conception and for men who desire information about 
their potential for paternity.

Our fi ndings will inform communication of treatment 
risks to parents and male patients before treatment with 
alkylating agents for childhood or adolescent cancer, 
facilitate identifi cation of those at greatest risk for fertility 
impairment who would benefi t from pretreatment 
fertility preservation interventions, and guide the design 
of future, risk-adapted treatment protocols that include 
treatment with alkylating agents. Whereas contemporary 
protocols aim to restrict or eliminate gonadotoxic 
treatment exposures, alkylating agents are a critical 
component of therapy for many haematological and solid 
paediatric malignancies and are likely to remain so, in 
the immediate future, considering the excellent 
outcomes achieved with current regimens and the 
challenges associated with integrating novel, potentially 
less toxic, agents into fi rst-line therapies.48,49 Thus, our 
fi ndings have clinical relevance to the counselling and 
management of children and adolescents who need 
alkylating agent chemotherapy to achieve long-term 

disease-free survival. Additional investigation is needed 
to address the eff ect of alkylating agent exposure to 
defi ne exposure-specifi c risks related to fertility, the role 
of genetic factors that modulate the sensitivity of an 
individual’s germinal epithelium to alkylating agents, 
and interventions to optimise access to and participation 
in age-appropriate methods of gamete preservation. With 
continued improvements in reproductive medicine, even 
men with very low sperm counts might have options to 
achieve paternity.13,50
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