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A B S T R A C T

Purpose
This study was undertaken to determine the effect of treatment for childhood cancer on
male fertility.

Patients and Methods
We reviewed the fertility of male Childhood Cancer Survivor Study survivor and sibling cohorts
who completed a questionnaire. We abstracted the chemotherapeutic agents administered, the
cumulative dose of drug administered for selected drugs, and the doses and volumes of all
radiation therapy from medical records. Risk factors for siring a pregnancy were evaluated using
Cox proportional hazards models.

Results
The 6,224 survivors age 15 to 44 years who were not surgically sterile were less likely to sire a
pregnancy than siblings (hazard ratio [HR], 0.56; 95% CI, �0.49 to 0.63). Among survivors, the HR
of siring a pregnancy was decreased by radiation therapy of more than 7.5 Gy to the testes (HR,
0.12; 95% CI, �0.02 to 0.64), higher cumulative alkylating agent dose (AAD) score or treatment
with cyclophosphamide (third tertile HR, 0.42; 95% CI, �0.31 to 0.57) or procarbazine (second
tertile HR, 0.48; 95% CI, �0.26 to 0.87; third tertile HR, 0.17; 95% CI, �0.07 to 0.41). Compared
with siblings, the HR for ever siring a pregnancy for survivors who had an AAD score � 0, a
hypothalamic/pituitary radiation dose � 0 Gy, and a testes radiation dose � 0 Gy was 0.91 (95%
CI, 0.73 to 1.14; P � .41).

Conclusion
This large study identified risk factors for decreased fertility that may be used for counseling male
cancer patients.

J Clin Oncol 28:332-339. © 2009 by American Society of Clinical Oncology

INTRODUCTION

The treatment of children and adolescents with can-
cer is usually successful. The majority survive for 5
years, most of whom will survive for many years
after diagnosis.1 Long-term survivors are often con-
cerned about their potential for fertility.2,3 The treat-
ments they received may adversely affect their
reproductive function directly by damaging their
testes or indirectly by impairing function of the hy-
pothalamic/pituitary axis.4,5

Byrne et al6 reported that the adjusted relative
fertility of male survivors of childhood cancer who
were treated between 1945 and 1975 was 0.76 (95%
CI, �0.68 to 0.86). The most significant differ-
ences in the relative fertility rates were demon-
strated in male survivors who had been treated
with alkylating agents, with or without infradia-
phragmatic irradiation.

This study was undertaken to evaluate fertility
in the male participants in the Childhood Cancer
Survivor Study (CCSS) and to determine risk factors
for decreased fertility. The CCSS cohort is large and
heterogeneous, with detailed data regarding radia-
tion and chemotherapy exposures.

PATIENTS AND METHODS

A cohort of 20,720 previously untreated patients (11,467
males) (Fig 1) who were younger than 21 years of age at
diagnosis, survived for at least 5 years after the date of
diagnosis, and were diagnosed with an eligible cancer
between January 1, 1970, and December 31, 1986, was
identified at the 26 participating institutions of the
CCSS (Appendix Table A1, online only). This study was
approved by the institutional review board at each par-
ticipating institution. The study design, cohort charac-
teristics, and baseline data collection are presented in
detail elsewhere.7-9

JOURNAL OF CLINICAL ONCOLOGY O R I G I N A L R E P O R T

VOLUME 28 � NUMBER 2 � JANUARY 10 2010

332 © 2009 by American Society of Clinical Oncology



The CCSS collected data for all surgical procedures performed for cancer
treatment. Participants and siblings were asked about additional surgical pro-
cedures performed and the methods used for contraception, including vasec-
tomy and tubal ligation. This analysis was restricted to CCSS participants who
were 15 to 44 years of age at completion of the baseline questionnaire, consis-
tent with the inclusion criteria for the National Survey of Family Growth
(NSFG).10 We excluded those participants or their partners who ever under-
went an operation resulting in sterilization (eg, vasectomy, tubal ligation,
hysterectomy) consistent with the methods of the NSFG.10 They were classi-
fied as surgically sterile for contraceptive or noncontraceptive reasons.10 On
the basis of these definitions, 331 male CCSS participants who were age 15 to
44 years at follow-up were categorized as surgically sterile (contraceptive, 288;
noncontraceptive, 43). Our analysis focused on the 6,224 male survivors who
were not surgically sterile (Fig 1). All reported pregnancies, including miscar-
riages, voluntary terminations, stillbirths, and live births were considered in
the present analysis, including 43 pregnancies reported by surrogates for 474 of
the 676 deceased, eligible participants. Pregnancies resulting from assisted
reproductive technology were excluded from our analysis.

Permission was requested from a random sample of the cohort to contact
their nearest age sibling to form a control group.9 This group was not designed
for matched pair analyses but rather as a socio-demographically similar com-
parison population. Among 4,782 eligible siblings selected, 3,048 (80.5%)
participated, of whom 1,449 were males between the ages of 15 and 44 years.
One hundred fifty-seven male siblings of CCSS participants who were age 15 to
44 years at follow-up and/or the partners of the male siblings were categorized
as surgically sterile (contraceptive, 157; noncontraceptive, 0) and thus were
excluded from the current study, leaving a total of 1,292 in the compari-
son group.

Exposure Assessment

Detailed data regarding the chemotherapeutic agents administered to
the patient for treatment of the original cancer and for any recurrences of the
cancer, the cumulative dose of drug administered for several drugs of interest,
and the doses, volumes, and dates of administration of all radiation therapy
were recorded for 12,492 of those who completed the baseline questionnaire.9

The distribution of cumulative doses for each of the agents was divided into

tertiles. The alkylating agent dose (AAD) score was calculated by adding the
tertile score (1, 2, or 3)11 for each of the alkylating agents given to a particular
patient.12 An AAD score of zero was assigned to nonexposed patients. Radia-
tion dose to the testes and pituitary was estimated for each patient.11 Details of
the dosimetry methods are described by Stovall et al.13,14

Statistical Methods

Cox proportional hazards models with age as the time scale were used to
compare hazards of a pregnancy as previously described in Yasui et al.15

Participants entered the risk set for regression analyses at the age at which they
entered the CCSS cohort (5 years after date of diagnosis of primary cancer) or
age 15 years, as previously described.11 To create a similar age-based follow-up
period, siblings were assigned a pseudo diagnosis date corresponding to the age
of their survivor sibling at diagnosis of their primary cancer, and identical
methods were used to define their time-to-event variables. The first pregnan-
cies of the partners of the entire male survivor cohort were compared with
those of the partners of the entire male sibling cohort. Within-family correla-
tion for the subset of survivors with a sibling pair was accounted for by using
sandwich standard-error estimates.16 Multiple-imputation methodology for
event-time imputations17,18 was used for those who reported one or more
pregnancies but did not report their age at first pregnancy. Age at first preg-
nancy was available for 81.8% (770 of 941) of the survivors who reported siring
a pregnancy; of those, 61 pregnancies that occurred less than 5 years after the
date of diagnosis were excluded. Similarly, age at first pregnancy was available
for 83.3% (369 of 443) of the male siblings (33 pregnancies that occurred � 5
years after the date of pseudo diagnosis were excluded). Age was imputed for
the remaining 18.2% (49 excluded) and 16.7% (2 excluded) of the male
survivors and siblings, respectively. Analyses of treatment (exposure) variables
were restricted to those male survivors for whom medical record abstrac-
tion was completed (n � 5,371), whereas analyses that required only
demographic data (eg, age at completion of questionnaire, age at diagnosis,
and so on) included all males age 15 to 44 years who had completed the
baseline questionnaire.

Two sets of models were evaluated. The first compared fertility for
survivors versus siblings, controlling for education level, marital status, and
race/ethnicity. In addition, fertility among participants who did or did not
receive specific treatments identified as high risk among the survivors was
compared with that of the siblings. A second set of models among survivors
evaluated only the impact of treatment variables while adjusting for the same
variables as above and age at diagnosis. Candidate treatment variables and
criteria for their inclusion have been reported previously.11 Two separate
multivariable models evaluated the impact of separate chemotherapy agents
and combined alkylating agents using the previously described AAD score.
Interactive effects between the two radiation volumes (testes and hypothala-
mus/pituitary) were evaluated to the extent possible and they were not signif-
icant. Cut points for radiation categories were selected on the basis of both
biologic plausibility19-22 and statistical separation of groups.

RESULTS

There were 7,709 males who returned a baseline questionnaire, of
whom 6,224 were between the ages of 15 and 44 years at the time
of completion of the questionnaire and were not surgically sterile. Of
those, 941 indicated that they had ever sired a pregnancy 5 years or
more after the date of the primary cancer diagnosis. The CCSS partic-
ipants were younger (P � .001), more likely to be of minority race/
ethnicity (P � .001), less likely to have a bachelor’s degree or higher
(P � .001), and more likely to have never been married (P � .001)
(Table 1).

The hazard ratio (HR) for a CCSS participant ever siring a preg-
nancy was 0.56 (95% CI, 0.49 to 0.63; P � .001) compared with the

LTFU
(n = 1,691)

Nonrespondent*
(n = 2,067)

Age < 15 or > 44 yrs
(n = 1,154)

Surgically Sterile
(n = 331)

STUDY POPULATION
Non–surgically sterile
males age 15-44 yrs

(n = 6,224)

Eligible Male Cases
(n = 11,467)

Questionnaire Sent
(n = 9,776)

Age 15-44 yrs
(n = 6,555)

Respondent
(n = 7,709)

Fig 1. Flowchart of cohort subgroups for male fertility analysis. Long-term
follow-up study (LTFU). (*) Includes refusals (n � 1,971) and insufficient data to
define participation (n � 81).
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siblings of CCSS participants, adjusted for marital status, race/ethnic-
ity, and educational attainment. The HR for ever siring a pregnancy,
adjusted for marital status, race/ethnicity, and educational attain-
ment, for CCSS participants who had an AAD score of 0, a hypotha-
lamic/pituitary radiation dose of 0 Gy, and a testes radiation dose of 0
Gy was 0.91 (95% CI, 0.73 to 1.14; P � .41) (Table 2). Those with a
diagnosis of Hodgkin’s lymphoma were least likely to sire a pregnancy
(HR, 0.34; 95% CI, 0.28 to 0.41; P � .001), whereas those with diag-
noses of Wilms tumor (HR, 0.99; 95% CI, 0.73 to 1.34; P � .95) or

Table 1. Demographic Characteristics of Male Survivors of Childhood
Cancer and Male Siblings 15 to 44 Years of Age at Time of Baseline

Questionnaire Who Were Not Surgically Sterile

Characteristic

Survivors Siblings

PNo. % No. %

Race/ethnicity (79�)
Non-Hispanic white 5,172 83.4 1,279 92.0 � .001
Hispanic 118 1.9 22 1.6
Non-Hispanic black 298 4.8 29 2.1
Other 616 9.9 60 4.3

Marital status (283�)
Never married 3,998 66.5 735 53.4 � .001
Currently married 1,632 27.1 513 37.3
Formerly married 383 6.4 129 9.4

Education level (344�)
1-8 years (grade school) 1,532 25.8 288 20.8 � .001
9-12 years (high school; did not

graduate) 1,238 20.8 232 16.8
Completed high school 1,838 30.9 446 32.2
Post high school, no college 1,338 22.5 417 30.2

Age at baseline, years
15-19 1,657 26.6 349 24.1 � .001
20-24 1,622 26.1 314 21.7
25-29 1,495 24.0 291 20.1
30-34 953 15.3 275 19.0
35-39 378 6.1 147 10.1
40-44 119 1.9 73 5.0

Age at diagnosis, years
0-4 1,944 31.2 NA NA
5-9 1,638 26.3 NA
10-14 1,470 23.6 NA
15-19 1,057 17.0 NA
� 20 115 1.8 NA

Primary diagnosis
Leukemia 1,976 31.7 NA NA
CNS 837 13.4 NA
Hodgkin’s lymphoma 963 15.5 NA
Non-Hodgkin’s lymphoma 684 11.0 NA
Kidney (Wilms disease) 429 6.9 NA
Neuroblastoma 283 4.5 NA
Soft tissue sarcoma 506 8.1 NA
Bone cancer 546 8.8 NA

Testicular radiation dose, Gy (1,230�)
No dose 1,497 30.0 NA NA
0.001-3.99 3,137 62.8 NA
4.00-4.99 62 1.2 NA
5.00-5.99 45 0.9 NA
6.00-14.99 116 2.3 NA
15.00-23.99 137 2.7 NA

Hypothalamic/pituitary radiation dose,
Gy (1,140�)

No dose 1,508 29.7 NA NA
0.001-3.99 1,544 30.4 NA
4.00-4.99 14 0.3 NA
5.00-5.99 23 0.5 NA
6.00-14.99 137 2.7 NA
15.00-23.99 1,022 20.1 NA
� 24.00 836 16.4 NA

(continued in next column)

Table 1. Demographic Characteristics of Male Survivors of Childhood
Cancer and Male Siblings 15 to 44 Years of Age at Time of Baseline

Questionnaire Who Were Not Surgically Sterile (continued)

Characteristic

Survivors Siblings

PNo. % No. %

Summed alkylating agent dose
(1,642�)†‡

0 2,270 49.5 NA NA
1 483 10.5 NA
2 570 12.4 NA
3 724 15.8 NA
4 234 5.1 NA
5 138 3.0 NA
6-11 163 3.6 NA

Dactinomycin (980�)
No 4,269 81.4 NA NA
Yes 975 18.6 NA

Cytarabine (980�)
No 3,966 75.6 NA NA
Yes 1,278 24.4 NA

Daunomycin (980�)
No 4,562 87.0 NA NA
Yes 682 13.0 NA

Vinblastine (980�)
No 4,933 94.1 NA NA
Yes 311 5.9 NA

Vincristine (980�)
No 1,465 27.9 NA NA
Yes 3,779 72.1 NA

Teniposide (980�)
No 5,013 95.6 NA NA
Yes 231 4.4 NA

Lomustine (980�)
No 4,999 95.3 NA NA
Yes 245 4.7 NA

Nitrogen mustard (980�)
No 4,838 92.3 NA NA
Yes 406 7.7 NA

Procarbazine, tertile (1,119�)‡
0 4,616 90.4 NA NA
First 138 2.7 NA
Second 175 3.4 NA
Third 176 3.5 NA

Cyclophosphamide, tertile (1,243�)‡
0 2,811 56.4 NA NA
First 597 12.0 NA
Second 760 15.3 NA
Third 813 16.3 NA

Abbreviation: NA, not applicable.
*Number of missing, in both survivors and siblings.
†See section Exposure Assessment.
‡“Yes” with no dose information was set to missing.
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neuroblastoma (HR, 0.97; 95% CI, 0.63 to 1.49; P � .88) were as likely
as the siblings to sire a pregnancy (Table 2).

We evaluated two multivariable models within the survivor co-
hort. The first considered the AAD summed score. No effect of pitu-
itary irradiation on fertility was observed after adjusting for other risk
factors and confounders (Table 3). CCSS participants who received
testicular radiation at a dose � 7.5 Gy were not less likely to sire a
pregnancy compared with patients who received no testicular radia-
tion (HR, 1.62; 95% CI, 0.39 to 6.71; P � .51). Those who received a
testicular radiation dose of more than 7.5 Gy were less likely to sire a
pregnancy compared with those who did not receive testicular radia-
tion (HR, 0.12; 95% CI, 0.02 to 0.64; P � .012).

The HR of siring a pregnancy was inversely related to the
summed AAD score (P for linear trend � .001). Those who had a
summed AAD score of 2 (HR, 0.67; 95% CI, 0.51 to 0.88; P � .004), 3
(HR, 0.48; 95% CI, 0.36 to 0.65; P � .001), 4 (HR, 0.34; 95% CI, 0.22
to 0.52; P � .001), 5 (HR, 0.38; 95% CI, 0.22 to 0.66; P � .001), or 6 to
11 (HR, 0.16; 95% CI, 0.08 to 0.32; P � .001) were also less likely to

ever sire a pregnancy compared with those who did not receive any
alkylating agents (Fig 2 and Table 3).

Several individual chemotherapeutic agents demonstrated a sig-
nificant association with impaired fertility in univariate models (data
not shown) and were included in the multivariable model (Table 3).
CCSS participants who received a cumulative procarbazine dose in the
second tertile (4,201 to 6,999 mg/m2; HR, 0.48; 95% CI, 0.26 to 0.87)
or third tertile (7,000 to 58,680 mg/m2; HR, 0.17; 95% CI, 0.07 to 0.41)
were less likely to sire a pregnancy compared with those who did not
receive procarbazine. Similarly, those exposed to a cumulative cyclo-
phosphamide dose in the third tertile (9,360 to 143,802 mg/m2; HR,
0.42; 95% CI, 0.31 to 0.57) were less likely to ever sire a pregnancy
compared with those who did not receive cyclophosphamide.

In both models (Table 3), those who received cytarabine were
more likely to ever sire a pregnancy than those who were not exposed
to this agent. In addition, those who were 0 to 4 years of age at
diagnosis were more likely to ever sire a pregnancy than those 15 to 20
years of age at diagnosis. We did not observe differences in the likeli-
hood of siring a pregnancy for those 5 to 9 or 10 to 14 years of age,
relative to the 15- to 20-year-old group. The models yielded qualita-
tively identical results whether constructed with or without the inclu-
sion of those for whom age at first pregnancy was imputed.

DISCUSSION

Previous studies investigated the fertility of childhood cancer survi-
vors, frequently in convenience samples, populations with poorly
quantified exposures and/or infrequent treatment with those agents
most likely to adversely impact fertility such as alkylating agents. The
current study provides new information by estimating risk for siring a
pregnancy 5 years or more after diagnosis and with specific quantified
exposures. The results can inform guideline-based long-term follow-
up recommendations.

Compared with the siblings, survivors were approximately half as
likely to sire a pregnancy. Byrne et al6 reported that the unadjusted
relative risk for fertility was 0.83 (95% CI, 0.74 to 0.93) among the
male childhood cancer survivors included in the Five Center Study.
This study excluded from the analysis eligible participants who were
never married, married before the diagnosis of cancer, had/sired their
first pregnancy before the diagnosis of cancer, or who reported no
pregnancies and said they did not want children or that they wanted to
adopt children. Few participants in the Five Center Study were ex-
posed to gonadotoxic therapies, particularly alkylating agents. In an-
other study of survivors of acute lymphoblastic leukemia, the relative
risk for fertility was 0.80 (P� .47) for survivors who were 18 to 21 years
of age when they first sired a pregnancy compared with sibling con-
trols; the relative risk was 1.02 (P � .93) for survivors who were older
than age 21 years at the time they first sired a pregnancy.23

In our treatment models, prior radiation therapy to the testes of
more than 7.5 Gy, a summed alkylating agent dose score � 2, treat-
ment with procarbazine, or treatment with higher doses of cyclophos-
phamide were the major factors that decreased the HR of a CCSS
survivor siring a pregnancy. Importantly, those who did not have
any of these high-risk exposures were as likely as the siblings to sire
a pregnancy.

Previous studies reported that recovery of spermatogenesis was
unlikely after single-dose exposures exceeding 4.0 Gy19 or low-dose

Table 2. RR of Fertility Among of Male Survivors of
Childhood Cancer Age 15 to 44 Years at Time of Baseline Questionnaire

Who Were Not Surgically Sterile Compared With Male Siblings

Characteristic RR� 95% CI P

Siblings 1.00
Alkylating agent dose � 0 Gy, hypothalamic/

pituitary radiation � 0 Gy, or testes
radiation dose � 0 Gy 0.91 0.73 to 1.14 .41

Alkylating agent dose � 1 Gy, hypothalamic/
pituitary radiation � 0 Gy, or testes
radiation dose � 0 Gy 0.52 0.45 to 0.60 � .001

Hypothalamic/pituitary radiation dose, Gy
No dose 0.72 0.45 to 0.86 � .001
� 0-40.0 0.50 0.43 to 0.58 � .001
� 40.0 0.31 0.19 to 0.50 � .001

Testicular radiation dose, Gy
No dose 0.73 0.61 to 0.87 � .001
� 0-7.5 0.53 0.46 to 0.62 � .001
� 7.5 0.05 0.02 to 0.14 � .001

Summed alkylating agent dose score†
0 0.71 0.61 to 0.83 � .001
1 0.77 0.56 to 1.04 .085
2 0.56 0.44 to 0.72 � .001
3 0.37 0.28 to 0.49 � .001
4 0.26 0.17 to 0.40 � .001
5 0.30 0.17 to 0.50 � .001
6-11 0.11 0.06 to 0.22 � .001

Diagnosis
Leukemia 0.70 0.59 to 0.84 � .001
CNS 0.58 0.45 to 0.76 � .001
Hodgkin’s lymphoma 0.34 0.28 to 0.41 � .001
Non-Hodgkin’s lymphoma 0.60 0.48 to 0.74 � .001
Wilms disease 0.99 0.73 to 1.34 .95
Neuroblastoma 0.97 0.63 to 1.49 .88
Soft tissue sarcoma 0.52 0.41 to 0.68 � .001
Bone cancer 0.47 0.37 to 0.59 � .001

NOTE. Each row represents a separate multivariable regression model
adjusted for education, marital status, and race.

Abbreviation: RR, relative risk.
�RR compared with siblings controlled for education, race/ethnicity, and

marital status.
†See section Exposure Assessment.
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Table 3. HR of Fertility Among Male Survivors of Childhood Cancer Age 15 to 44 Years at Time of Baseline Questionnaire Who Were
Not Surgically Sterile (multivariate model)

Characteristic

Summed Alkylating Agent Dose Score Individual Chemotherapy

HR� 95% CI P HR 95% CI P

Age at diagnosis, years
0-4 1.80 1.31 to 2.47 � .001 1.75 1.28 to 2.39 � .001
5-9 1.16 0.89 to 1.50 .27 1.11 0.86 to 1.44 .41
10-14 0.95 0.76 to 1.18 .65 0.92 0.74 to 1.14 .45
15-20 1.00 1.00

Education
No high school/GED 1.00 1.00
High school/GED 0.75 0.55 to 1.02 .069 0.70 0.52 to 0.95 .022
Some college 0.69 0.52 to 0.91 .01 0.64 0.49 to 0.84 .001
Bachelor’s degree or higher 0.53 0.40 to 0.71 � .001 0.48 0.36 to 0.63 � .001

Race/ethnicity
White 1.00 1.00
Hispanic 1.13 0.53 to 2.41 .75 1.01 0.47 to 2.15 .98
Black 1.91 1.29 to 2.84 .001 1.96 1.35 to 2.86 � .001
Other 1.35 1.02 to 1.78 .035 1.32 1.00 to 1.73 .05

Marital status
Never married 1.00 1.00
Currently married 9.64 7.23 to 12.85 � .001 9.57 7.24 to 12.65 � .001
Formerly married 6.36 4.40 to 9.20 � .001 5.89 4.10 to 8.45 � .001

Hypothalamic/pituitary radiation dose, Gy
No dose 1.00 1.00
� 0-40.0 0.52 0.13 to 2.16 .37 0.50 0.12 to 2.07 .34
� 40.0 0.29 0.06 to 1.28 .1 0.25 0.06 to 1.13 .072

Testicular radiation dose, Gy
No dose 1.00 1.00
� 0-7.5 1.62 0.39 to 6.71 .51 1.79 0.43 to 7.41 .42
� 7.5 0.12 0.02 to 0.64 .012 0.14 0.03 to 0.71 .018

Summed alkylating agent dose score†
0 1.00
1 0.95 0.68 to 1.33 .77
2 0.67 0.51 to 0.88 .004
3 0.48 0.36 to 0.65 � .001
4 0.34 0.22 to 0.52 � .001
5 0.38 0.22 to 0.66 � .001
6-11 0.16 0.08 to 0.32 � .001

Dactinomycin
No 1.00 1.00
Yes 0.97 0.76 to 1.23 .78 0.94 0.74 to 1.20 .62

Cytarabine
No 1.00 1.00
Yes 1.80 1.35 to 2.40 � .001 1.54 1.14 to 2.08 .005

Daunomycin
No 1.00 1.00
Yes 1.10 0.79 to 1.52 .58 0.89 0.64 to 1.23 .47

Vinblastine
No 1.00 1.00
Yes 1.11 0.59 to 2.08 .75 1.35 0.79 to 2.31 .28

Vincristine
No 1.00 1.00
Yes 1.07 0.87 to 1.32 .53 1.05 0.85 to 1.29 .68

Teniposide
No 1.00 1.00
Yes 1.05 0.62 to 1.79 .84 1.34 0.80 to 2.27 .27

Lomustine
No 1.00
Yes 0.67 0.33 to 1.33 .25

(continued on following page)
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fractionated exposures.20-22 Loss of both spermatogenesis and andro-
gen secretion occurred at high doses (� 24.0 Gy);20-22,24 lower-dose
exposures may not produce azoospermia.25,26 Leydig cell function
may be preserved when the testicular dose is � 20.0 Gy.27

Severe damage to the testicular germinal epithelium fre-
quently follows treatment which includes an alkylating agent and
procarbazine.25,26,28-38 Azoospermia was present in all men by the
start of the third cycle of nitrogen mustard, vinblastine, procarbazine,
and prednisone chemotherapy.33 Less than 20% had recovery of sper-
matogenesis when evaluated 37 to 48 months after treatment.32 The
chemotherapy regimen originally reported by DeVita et al39 had an
AAD score of 6.11 Azoospermia occurred less frequently following
treatment with two (AAD score � 2), rather than six (AAD score � 6),
cycles of nitrogen mustard, vincristine, procarbazine, and pred-
nisone.38 The combination of doxorubicin, bleomycin, vinblastine,
and dacarbazine produced oligo- or azoospermia frequently during

the course of treatment, but recovery of spermatogenesis occurred
after treatment was completed.34

The administration of cyclophosphamide has been associated
with impaired spermatogenesis after treatment of children for non-
malignant40-45 and malignant46-51 diseases. Azoospermia was re-
ported after cumulative cyclophosphamide doses as low as 6.0 g/m249

whereas spermatogenesis was preserved after cumulative doses as high
as 16 g/m2.48 Impaired spermatogenesis was more likely after cumu-
lative doses exceeding 7.5 to 9.5 g/m2.46,47

Cumulative cyclophosphamide doses used in contemporary reg-
imens for Hodgkin’s disease (3.2 to 4.8 g/m2),52 and rhabdomyosar-
coma (4.8 to 16.8 g/m2) (S. Spunt, personal communication, May
2008) correspond to AAD scores of 1 to 3. Current regimens for Ewing
sarcoma include cyclophosphamide (8.4 g/m2) and ifosfamide in
combination (63 g/m2),53 resulting in an AAD score of 6.

Our study demonstrated that young males (0 to 4 years of age
at diagnosis) were more likely to sire a pregnancy than those who
were 15 to 20 years of age at diagnosis. Some reports suggested that
the prepubertal testis was less sensitive than the postpubertal testis
to damage by chemotherapy,31,54 but others have questioned
this observation.25,48,55-57

This study has a number of strengths. The CCSS is the largest,
most thoroughly characterized cohort of survivors of cancer diag-
nosed during childhood or adolescence. Thus, important questions
regarding the frequency of outcomes that may be modified by treat-
ment exposures, as well as the relationship of these exposures to
significant, though uncommon, late events can be evaluated with
substantial statistical power.

There are also limitations that must be taken into account. The
participants were ascertained retrospectively. Fifteen percent of
those eligible were lost to follow-up and 16% declined participation.
Participants did not differ from nonparticipants with regard to demo-
graphic or cancer characteristics.9 Radiation dosimetry was per-
formed using the data supplied by the participating institutions. No
independent quality control was performed to determine whether
significant data, such as the use of a testicular shield (which can reduce

Table 3. HR of Fertility Among Male Survivors of Childhood Cancer Age 15 to 44 Years at Time of Baseline Questionnaire Who Were
Not Surgically Sterile (multivariate model) (continued)

Characteristic

Summed Alkylating Agent Dose Score Individual Chemotherapy

HR� 95% CI P HR 95% CI P

Nitrogen mustard
No 1.00
Yes 0.69 0.40 to 1.21 .20

Cyclophosphamide tertiles, mg/m2

0 1.00
First 1.03 0.76 to 1.39 .84
Second 0.82 0.63 to 1.07 .14
Third 0.42 0.31 to 0.57 � .001

Procarbazine tertiles, mg/m2

0 1.00
First 0.56 0.29 to 1.11 .096
Second 0.48 0.26 to 0.87 .016
Third 0.17 0.07 to 0.41 � .001

NOTE. All factors displaying estimates for a specific column are included together in that multivariate model.
Abbreviations: HR, hazard ratio; GED, general equivalency diploma.
�HR is controlled for age at diagnosis, education, race/ethnicity, and marital status.
†See section Exposure Assessment.
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Fig 2. Relationship between summed alkylating agent dose score and the
relative risk for siring a pregnancy. (*) Relative risk is adjusted for age at
diagnosis, race/ethnicity, marital status, educational attainment, nonalkylating
chemotherapy drugs, hypothalamic/pituitary radiation dose, and testicular radia-
tion dose. (†) Referent group � 0 score.
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the testicular dose to approximately 1% of the prescription dose),58

were omitted.
The CCSS used self-administered questionnaires for ascertain-

ment of outcomes. Approximately 22% of pregnancies were not rec-
ognized clinically.59 Comparison of the number of births reported by
NSFG participants 15 to 19 years of age to those ascertained by vital
records suggests that 15- to 19-year-old males are not informed of all
pregnancies by their partners.10 Information relating to adjustment
variables (eg, education and so on) was derived from a single point in
time (ie, at baseline questionnaire), was a surrogate for the presence or
absence of particular factors at the time of pregnancy, and did not
directly measure their influence over time.

We did not evaluate fertility in light of personal choices made by
the male CCSS survivors. Some may have chosen not to attempt to sire
a pregnancy because they were concerned that they might transmit a
trait that would predispose their children to cancer.2 Others may have
thought or been told that they were or might be infertile. Factors that
may influence their ability to form or maintain an intimate heterosex-
ual relationship include appearance, sexual preference, and neurocog-
nitive function.2,3,60,61 Some of these factors may be related to the
therapeutic exposures considered in this analysis and may have con-
founded the results of our study. Our finding that the HR for siring a
pregnancy was not significantly decreased in CCSS participants who
experienced none of the high-risk exposures for decreased fertility
suggests that these factors may not influence decisions regarding pa-
ternity significantly in this group.

We demonstrated that the fertility of male childhood cancer
survivors is impaired. Men age 15 to 44 years, who received a testicular
radiation dose of more than 7.5 Gy, were treated with procarbazine or

cyclophosphamide, or had a summed alkylating agent dose score of
� 2, or were less likely to sire a pregnancy. Men diagnosed in early
childhood were more likely to sire a pregnancy than those diagnosed
in adolescence. These data may be used to counsel patients and their
parents before initiation of treatment regarding their future fertility.
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