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Abstract

Purpose The purpose of this study was to assess the preva-
lence of male infertility and treatment-related risk factors in
childhood cancer survivors.

Methods Within the Childhood Cancer Survivor Study, 1,622
survivors and 274 siblings completed the Male Health Ques-
tionnaire. The analysis was restricted to survivors (938/1,622;
57.8 %) and siblings (174/274; 63.5 %) who tried to become
pregnant. Relative risks (RR) and 95 % confidence intervals
(CI) for the prevalence of self-reported infertility were calcu-
lated using generalized linear models for demographic vari-
ables and treatment-related factors to account for correlation
among survivors and siblings of the same family. All statisti-
cal tests were two-sided.

Results Among those who provided self-report data, the prev-
alence of infertility was 46.0 % in survivors versus 17.5 % in
siblings (RR=2.64, 95 % CI 1.88-3.70, p<0.001). Of survi-
vors who met the definition for infertility, 37 % had reported at
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least one pregnancy with a female partner that resulted in a
live birth. In a multivariable analysis, risk factors for infertility
included an alkylating agent dose (AAD) score >3 (RR=2.13,
95 % CI 1.69-2.68 for AAD >3 versus AAD <3), surgical
excision of any organ of the genital tract (RR=1.63, 95 % CI
1.20-2.21), testicular radiation >4 Gy (RR=1.99, 95 % CI
1.52-2.61), and exposure to bleomycin (RR=1.55, 95 % CI
1.20-2.01).

Conclusion Many survivors who experience infertility father
their own children, suggesting episodes of both fertility and
infertility. This and the novel association of infertility with
bleomycin warrant further investigation.

Implications for Cancer Survivors Though infertility is com-
mon, male survivors reporting infertility often father their own
children. Bleomycin may pose some fertility risk.
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Introduction

Survival from pediatric cancer has improved significantly
over the last several decades with five-year survival rates
increasing from 45 % in 1970 to over 80 % in 2008 [1].
However, survival may come at the cost of long-term side
effects from cancer treatment such as infertility.

Many studies have reported on biologic aspects of fertility
and reproductive outcomes in male survivors of childhood
cancer [2—6]. A prior Childhood Cancer Survivor Study
(CCSS) report compared fertility, defined as having fathered
a pregnancy, in all male survivor and sibling participants [4].
Survivors were less likely than siblings (hazard ratio [HR]=
0.56; 95 % confidence interval [CI] 0.49 to 0.63) to father a
pregnancy. Exposure to testicular radiation of more than
7.5 Gy and a higher cumulative alkylating agent dose
(AAD) score decreased the HR of fathering a pregnancy. To
better understand the personal aspects of male reproductive
health such as risk perception, sexual function, and individual
choices about reproduction, the Male Health Questionnaire
(MHQ) was administered to male CCSS survivors and sib-
lings who agreed to participate and included detailed ques-
tions on these issues (Supplemental Figure 1). In this analysis
of data collected with the MHQ, we examine infertility in
male survivors compared to their siblings. Infertility is differ-
ent than fertility. The American Society of Reproductive
Medicine (ASRM) defines “infertility” as “the failure to
achieve a successful pregnancy after 12 months or more of
regular unprotected intercourse” (10). For this analysis, we
define infertility as the self-report of the inability of a female
partner to conceive after 12 months of attempting to become
pregnant by an adult male survivor of childhood cancer. The
objective was to evaluate the prevalence of infertility and
treatment-related risk factors which were hypothesized to be
similar to exposures adversely impacting fertility in the prior
analysis of males in the CCSS cohort. This study is unique in
assessing infertility in males who may have fathered a preg-
nancy but had difficulty in doing so. Furthermore, the MHQ
includes additional data on the desire and ability to have more
children, the reasons for not having more children, and med-
ical evaluation of infertility.

Materials and methods
The Childhood Cancer Survivor Study

The CCSS is a retrospective cohort consisting of 14,358 5-
year survivors of childhood cancer ascertained from 26 par-
ticipating institutions in the USA and Canada. Eligible partic-
ipants were diagnosed between 1970 and 1986. The CCSS
also includes 4,023 siblings of survivors who serve as the
comparison group. Details of the study design and cohort have
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been previously published [7-9]. Data include self-report
questionnaires and medical record abstraction of detailed
treatment data from the treating institution as previously de-
scribed [9]. The initial baseline questionnaire was adminis-
tered beginning in 1994 and was updated periodically with
follow-up questionnaires through 2009.

Male Heath Questionnaire

Survivor and sibling male participants 18 years of age or older
at the time of the 2007 CCSS follow-up questionnaire were
asked if they would consider participating in a study “to better
understand fertility and sexual function in males” by complet-
ing the MHQ. Of the 4,000 eligible male survivors and 1,097
male siblings who completed the 2007 follow-up questionnaire,
2,961 survivors and 723 siblings expressed potential interest in
participating and the MHQ was mailed to them (Supplemental
Figure 1). The MHQ was administered in 2008-2009 and
included questions on pubertal development, sexual function/
dysfunction, infertility, male health risk perceptions, testoster-
one therapy, erectile dysfunction, and use of fertility preserva-
tion techniques (questionnaires available at http://ccss.stjude.
org/documents/original-cohort-questionnaires).

This analysis focuses on infertility in those participants
who answered affirmatively to the MHQ question “Have
you and a partner ever tried to become pregnant?”, thus
excluding survivors and siblings who did not attempt to father
a child. Infertility was defined as a positive response to the
question “Has a female partner ever had difficulty (it took
more than a year) becoming pregnant by you?”

Exposure

Detailed data regarding chemotherapy and radiation therapy
exposures and all surgical procedures performed for the orig-
inal cancer treatment within 5 years of diagnosis were obtain-
ed at baseline (abstraction form available at http://ccss.stjude.
org/documents/original _cohort-questionnaire) [9]. Survivors
with a history of a recurrence or secondary malignant
neoplasm (SMN) were excluded from the assessment of can-
cer treatment variables as risk factors for infertility because,
unlike the treatment data for the original cancer diagnosis
obtained from the treating institution, treatment data for re-
currences and SMNs were incomplete. Cumulative doses of
specific chemotherapeutic agents, including alkylating agents,
were abstracted from the medical records. The summed AAD
score, which ranged from 0 (no alkylating agent exposure) to
7 in survivors responding to the MHQ, was used to evaluate
risk associated with alkylating agent exposure [10, 11, 4]. To
obtain this score, the distribution of cumulative doses for each
of the alkylating agents was divided into tertiles and the AAD
was calculated by adding the tertile score (1, 2, or 3) for each
of the agents given to a particular patient. Other
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chemotherapeutic agents that were administered to at least
5 % of the study population were evaluated as dichotomous
variables. Radiation doses to the testes and hypothalamus/
pituitary were estimated as previously described by Stovall
et al. [12—14] Demographic characteristics, data on pregnan-
cies and live births, and current health status variables were
obtained from CCSS baseline and follow-up questionnaires.
Additional medical history variables relevant to men’s health
were obtained from the MHQ.

Statistical analysis

Distributions of variables including demographics, cancer
treatment, and infertility were summarized with frequencies
and proportion estimates. Comparisons of proportions be-
tween independent groups used the chi-square test or, when
appropriate due to low frequencies, Fisher’s exact test. Com-
parisons between survivors and siblings used generalized
estimating equation modeling to account for potential
within-family correlation [15].

In this study, infertility was a dichotomous (yes/no) outcome
measure obtained via self-report on the MHQ. Risk factors for
infertility were evaluated and relative risk (RR) estimates were
calculated via general linear modeling. Since infertility was not
rare in this study population, the odds ratio from a logistic
model would not provide a good approximation of the relative
risk parameter, so an alternative model with a log link function
was used instead [16]. All models accounted for age at the time
of the MHQ by including age as an independent variable
(categorical, 10-year increments). Individual factors relating
to cancer treatment and demographic characteristics (see Table 3
for candidate variables) were first evaluated singly in age-
adjusted models. Those factors that achieved a two-sided p
value of 0.20 or less were then considered candidates for further
multivariable modeling. The final model was constructed by
evaluating the candidate factors together in a multivariable
context and then removing those factors that did not have an
independent association with infertility. Factors were removed
if they had a multivariable p value above 0.20 and the omission
of the factor from the model did not alter any other relative risk
estimate by more than 10 %. Cancer diagnosis was not used in
the multivariable modeling because diagnosis is highly corre-
lated with the cancer treatment variables. As mentioned above,
since treatment data did not incorporate exposures received due
to SMN or recurrence, models assessing treatment effects ex-
cluded patients who had an SMN or recurrence. All p values are
two-sided and p values <0.05 were considered statistically
significant.

Ethical approval

The study was reviewed and approved by the institutional
review board at each institution. Written informed consent

was received from all participants 18 years of age or older
and from a parent or guardian of participants younger than
18 years.

Results
Participants and non-participants

Participants and non-participants in the MHQ were compared
to determine the representativeness of the population (Table 1).
The questionnaire was completed and returned by 1,622 sur-
vivors (54.8 % of those who indicated they would be willing
to complete the supplemental MHQ) and 274 siblings (37.9 %
of those siblings who indicated they would complete the
MHQ) (Supplemental Figure 1). Survivors who did complete
the MHQ were slightly older at each time point than non-
participants in the MHQ. Participants were more likely to be
white, have married or lived as married, and have reported at
least one partner pregnancy. Treatment characteristics were
similar; however, participants were more likely to have been
survivors of Hodgkin lymphoma and less likely to have sur-
vived a central nervous system (CNS) neoplasm.

Infertility in survivors compared to siblings

Of those who responded to the MHQ, 938 (57.8 %) survivors
and 174 (63.5 %) sibling controls reported having tried to
become pregnant with a partner and were thus included in the
infertility analysis (Supplemental Figure 1). Prevalence of
infertility and infertility evaluations was compared in survi-
vors and siblings (Table 2). Infertility was reported by 46.0 %
of survivors and 17.5 % of siblings (»<0.001), while 37.5 %
of survivors and 16.3 % of siblings (p<0.001) reported they
were not able to have all the children they wanted. Survivors
who were not able to have all the children they wanted
reported that male infertility was the most common reason
(63.5 %) compared to 14.8 % of siblings (»<0.001).

Of the 412 survivors who met the definition for infertility,
152 (37 %) had reported at least one pregnancy with a female
partner that resulted in a live birth. Another 34 of the 412
survivors had reported at least one pregnancy with a female
partner, but no live births, so a total of 186 (45 %) reported
ever fathering a pregnancy. Of the 29 siblings who met the
definition for infertility, 20 (69 %) had reported at least one
pregnancy with a female partner that resulted in a live birth.
The other nine siblings with infertility reported no partner
pregnancies at all.

Over half of survivors (53.6 %) reported that they and/or
their female partner had been medically evaluated for infertil-
ity in comparison to 21.4 % of siblings (p<0.001). Among
both siblings and survivors, the majority reported a male
contribution to an identified fertility problem (95.9 % for
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Table 1 Comparison of participants and non-participants in the MHQ among surviving male CCSS participants

Survivors Siblings
Subject characteristic MHQ participants ~ MHQ non-participants® ~ MHQ participants ~ MHQ non-participants®
(n=1,622) (n=4,875) (n=274) (n=1,644)
Race/ethnicity
White (non-Hispanic) 1,441 3,967 256 1,429
(93.4 %) (84.8 %) (97.0 %) (90.8 %)
Black (non-Hispanic) 30 254 0 45
(1.9 %) (5.4 %) (0.0 %) 2.9 %)
Hispanic 44 280 5 57
2.9 %) (6.0 %) (1.9 %) (3.6 %)
Other 27 177 3 42
(1.8 %) (3.8 %) (1.1 %) (2.7 %)
Ever married or lived as married (status as of FU2007)
Yes 1,225 1,4114 227 6254
(75.9 %) (60.5 %) (82.8 %) (77.1 %)
No 389 923¢ 47 186¢
(24.1 %) (39.5 %) (17.2 %) (22.9 %)
Partner pregnancies and live births reported on CCSS questionnaires (status as of FU2007)"
0 pregnancies reported 882 1,461¢ 96 2924
(54.4 %) (61.4 %) (35.0 %) (35.5 %)
>1 pregnancy reported, no live births reported® 97 1114 15 49¢
6.0 %) (4.7 %) (5.5 %) (6.0 %)
>1 live birth reported 641 8084 163 482¢
(39.6 %) (33.9 %) (59.5 %) (58.6 %)
Age at start of MHQ distribution (years)
20-29 307 1,370 56 507
(18.9 %) (28.1 %) (20.5 %) (30.9 %)
30-39 712 2,206 104 589
(43.9 %) (45.3 %) (38.1 %) (35.9 %)
4049 525 1,150 83 450
(32.4 %) (23.6 %) (30.4 %) (27.4 %)
50+ 78 149 30 96
(4.8 %) (3.1 %) (11.0 %) (5.8 %)
Mean at start of MHQ distribution 37.2 353 383 35.6
Mean age at MHQ completion 379 n.a. 39.4 na.
Age at initial cancer diagnosis (years)
04 553 2,128 n.a n.a
(34.1 %) (43.6 %)
5-9 360 1,165 n.a n.a
(22.2 %) (23.9 %)
10-14 377 897 n.a n.a
(23.2 %) (18.4 %)
15+ 332 685 n.a n.a
(20.5 %) (14.1 %)
Mean age at initial cancer diagnosis 9.0 7.6 na n.a
Diagnosis
Acute lymphoblastic leukemia 500 1,497 n.a na
(30.8 %) (30.7 %)
AML and other leukemias 35 158 na n.a
2.2 %) (3.2 %)
CNS tumors 138 649 na n.a
(8.5 %) (13.3 %)
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Table 1 (continued)

Survivors Siblings
Subject characteristic MHQ participants ~ MHQ non-participants® ~ MHQ participants ~ MHQ non-participants®
) particip Q non-particip Q particip Q non-particip
(n=1,622) (n=4,875) (n=274) (n=1,644)
Hodgkin lymphoma 259 555 n.a. n.a
(16.0 %) (11.4 %)
Non-Hodgkin lymphoma 179 505 n.a. n.a
(11.0 %) (10.4 %)
Kidney tumors 132 417 n.a na
(8.1 %) (8.6 %)
Neuroblastoma 81 341 n.a na
(5.0 %) (7.0 %)
Soft tissue sarcoma 145 408 na na
(8.9 %) (8.4 %)
Ewing sarcoma 48 109 n.a n.a
3.0 %) 2.2 %)
Osteosarcoma 100 220 n.a n.a
(6.2 %) (4.5 %)
Other bone tumors 5 16 n.a na
(0.3 %) (0.3 %)
AAD score in first 5 years following diagnosis
0 678 1,950 n.a n.a
47.7 %) (51.8 %)
1 160 440 n.a n.a
(11.3 %) (11.7 %)
2 203 454 n.a n.a
(14.3 %) (12.1 %)
3 222 561 n.a na
(15.6 %) (14.9 %)
4 81 170 n.a n.a
(5.7 %) (4.5 %)
>5 77 188 na na
(5.4 %) (5.0 %)
Treatment with testicular irradiation in first 5 years following diagnosis
No testicular irradiation 506 1,408 n.a n.a
(33.8 %) (35.3 %)
<4 Gy 875 2,316 n.a n.a
(58.5 %) (58.1 %)
>4 Gy 114 261 n.a n.a
(7.6 %) (6.6 %)
Total body irradiation in first 5 years following diagnosis
Yes 24 56 n.a n.a
(1.6 %) (1.4 %)
No 1,460 3,859 n.a n.a.
(98.4 %) (98.6 %)

MHQ Male Health Questionnaire, CCSS Childhood Cancer Survivor Study, FU2007 CCSS follow-up 2007 questionnaire, AML acute myelogenous
leukemia, CNS central nervous system, 44D summed alkylating agent dose score, Gy gray

# Excludes the1,217 male subjects known to have died as of FU2007. The n=4,875 for this column is derived by subtracting the1,217 deceased males and
the 1,622 living male survivors who participated in the MHQ from the total of 7,714 male CCSS survivors

® Excludes the 22 male siblings known to have died as of FU2007. The n=1,644 for this column is derived by subtracting the 22 deceased male siblings
and the 274 living male siblings who participated in the MHQ from the total of 1,940 male CCSS siblings

“Includes 12 survivors and 3 siblings who reported that their partners were currently pregnant at the time of the FU2007 questionnaire completion

9 The marriage and pregnancy variables in this column are summarized only for MHQ non-participants who completed the FU2007 questionnaire. This
was done to avoid ascertainment bias and ensure that the marriage and pregnancy proportion estimates shown for the MHQ participants, all of whom
completed the FU2007 questionnaire, and for the MHQ non-participant column are both based on similar duration of follow-up
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survivors; 88.9 % for siblings). Among males who reported a
male fertility problem was identified in medical evaluations,
survivors were more likely than siblings to report low sperm
count and low sperm motility (65.1 % for survivors; 25.0 %
for siblings).

Assessment of risk factors for infertility

The prevalence of infertility by demographic characteristics
and cancer treatment factors is provided in Table 3 for survi-
vors with no history of a recurrence or SMN. Infertility was
24 % among survivors younger than 30 years of age and
increased to greater than 40 % among those older than 30 years
of age. Differences based on race/ethnicity were difficult to
assess due to the small numbers of minority participants. The
prevalence of infertility among survivors was not significantly
associated with marital status, college education, full-time
employment, income, and health insurance status.

Survivors of bone tumors other than osteosarcoma (23/33;
69.7 %), Hodgkin lymphoma (69/117; 59.0 %), and soft tissue
sarcomas (46/80; 57.5 %) had a high prevalence of infertility
(Table 3). The prevalence of infertility increased with higher
AAD. Similar rates of infertility were seen among those who
received no radiation to the testes (85/231;36.8 %) or less than
4 Gy (166/397; 41.8 %). However, among those receiving
greater than or equal to 4 Gy (mean dose 10.3; range 4-29.1),
82.6 % (19/23) were infertile. The prevalence of infertility did
not consistently increase with increasing radiation dose to the
hypothalamus/pituitary. Operations involving the spinal
cord/canal or sympathetic nerves were not associated with
higher rates of infertility. Among the small number of patients
whose cancer treatment included surgical excision of any of
the organs of the genital tract (orchiectomy, radical prostatec-
tomy, or total cystectomy), there was a very high prevalence of
infertility (12/14; 85.7 %), though most of the affected survi-
vors had multiple treatment-related risk factors and two pa-
tients with bilateral orchiectomies were included. Eight out of
ten survivors with unilateral orchiectomy reported infertility;
however, seven also had an AAD >3.

In the multivariable analysis, an AAD >3, surgical excision
of any organ of the genital tract, and testicular radiation dose
>4 Gy were all statistically significant independent risk factors
for infertility (Table 4). An AAD >3 (RR=2.13, 95 % CI
1.69-2.68) was associated with a high risk for infertility
versus an AAD <3. Among the non-alkylating chemotherapy
agents that were evaluated, bleomycin was the only one
independently associated with an increased RR of infertility
(RR=1.55;95 % CI 1.2-2.01, p=0.0008). Exposure to meth-
otrexate was not a statistically significant risk factor after
adjusting for the other variables, but it was retained in the
model because it did not meet the predefined criteria (p>0.20
and <10 % change in all other relative risk parameters) nec-
essary to allow its removal.
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Discussion

The CCSS is a large cohort of childhood cancer survivors with
detailed exposure data and a sibling control group. In this
study, we evaluated infertility, defined as the inability of a
female partner to conceive after 12 months of trying to be-
come pregnant [17], among adult male CCSS participants
compared to male sibling controls. It is widely accepted that
treatment in the form of certain chemotherapy, radiation ther-
apy, and surgeries can have adverse and long-term effects on
male fertility. The MHQ provided additional data on male-
factor infertility including the desire and ability to have more
children, the reasons for not having more children, and med-
ical evaluation of infertility. This analysis is a unique evalua-
tion of fertility problems in male survivors of childhood
cancer in that it includes males who may have fathered a
pregnancy but had difficulty in doing so.

Survivors demonstrated an increased prevalence of infer-
tility (46.0 %) and high utilization of fertility services with
more than one half of these survivors undergoing an infertility
evaluation. However, survivors were also more likely to not
have all the children they wanted and attribute male-factor
infertility as the reason for not having more children (p<0.001
for all) compared to their siblings. Encouragingly, 37 % of
survivors who met the definition for infertility had reported at
least one pregnancy with a female partner that resulted in a
live birth compared to 69 % of siblings.

While research on the psychosocial implications of male
infertility and its treatment lags behind studies in women,
there is growing evidence to suggest that regardless of gender
differences in coping styles, men are emotionally affected by
infertility [18]. Recent studies suggest that the psychologic
effect of not having a child may in fact be greater for men
versus women and that men undergoing treatment for infertil-
ity suffer similar levels of distress compared to women [18,
19].

In the USA, the National Survey of Family Growth
(NSFG) estimated 7.4 % of couples to be infertile [20], though
analyses in Canada (11.5-15.7 %) and France (24 %) give
higher estimates [21, 22]. The NSFG also estimates a rate of
7.4 % of sexually active men who personally sought help in
regard to having a child, and 18.1 % of males who sought an
evaluation were diagnosed to have a male-related infertility
condition [23]. In this analysis, the rate of infertility, infertility
evaluations pursued by survivors, and male contribution to
infertility was also higher than population estimates.

In survivors, infertility was most prevalent among those
treated for sarcomas other than osteosarcoma (Ewing sarco-
ma, soft tissue sarcoma, and other bone tumors) and Hodgkin
lymphoma, which are commonly treated with high-dose
alkylating agent therapy. Infertility was least prevalent among
survivors of CNS tumors, which may be due to a high prev-
alence of surgery alone as treatment (16/41; 39.0 %).
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Table2 Summary of infertility prevalence and infertility evaluations among male survivors and siblings who have tried to become pregnant with a partner

Survivors Siblings
Questionnaire item” Number (%) Number (%)
Infertility prevalence

Has a female partner ever had difficulty (it took >1 year) becoming pregnant by you? n=938 n=174
Yes 412 (46.0)* 29 (17.5)
No 483 (54.0) 137 (82.5)
Unknown 43 - 8—

Were you able to have all the children you wanted to have? n=938 n=174
Yes 568 (62.5) 139 (83.7)
No 341 (37.5)* 27 (16.3)
Unknown 29 — 8—

If no, which of you wanted more children? n=341 n=27
I wanted more children but my partner did not 19 (6.1) 3 (12.5)
My partner wanted more children but I did not 11 (3.5) 4 (16.7)
We both wanted more children but we could not have more 282 (90.4)" 17 (70.8)
Unknown 29 — 3-

If more children were wanted, what were the reasons for not having more children?” n=340 n=27
Male infertility (% yes) 216 (63.5)* 4(14.8)
Other health issues related to cancer treatment (% yes) 9(2.6) 0(0.0)
Other health issues not related to cancer treatment (% yes) 2 (0.6) 1(3.7)
Female infertility (% yes) 35(10.3) 6(22.2)
Partner health issues (% yes) 22 (6.5) 4(14.8)
Tried, but partner could not become pregnant, reason unknown (% yes) 61 (17.9) 5(18.5)
Issues other than health (% yes) 51 (15.0)" 11 (40.7)

Medical evaluation for infertility

Have you or a female partner ever been evaluated for infertility? n=938 n=174
Yes 490 (53.6)* 36 (21.4)
No 420 (45.9) 131 (78.0)
I don’t know 5(0.5) 1 (0.6)
No response 23 - 6—

If you or your partner were evaluated for decreased fertility, was a problem identified? n=490 n=36
Yes. A fertility problem was found in my partner 5(1.0) 2 (5.6)
Yes. A fertility problem was found in me 421 (85.9) 30(83.3)
Both of the above 49 (10.0) 2(5.6)
No 12 (2.5) 2 (5.6)

I don’t know 3(0.6) 0 (0.0)

Self-report of semen analysis results (among those who reported that a male fertility problem n=470 n=32

was identified in medical evaluations) (421+49) (30+2)
Normal sperm count and normal motility 122 (26.0) 19 (59.4)
Low sperm count and/or low motility 306 (65.1)* 8 (25.0)
Subject did not know or declined to report semen analysis results 33 (7.0) 3094)
Subject indicated that he had never had a semen analysis 9(1.9) 2(6.2)

Patients with unknown or no response were not included in the calculation of prevalence (%)

 Subjects who responded “yes” to the question “Have you ever tried with a partner to become pregnant?” were included in this table. The infertility
section of the MHQ contained built-in skip patterns to ensure that each respondent only answered items that were relevant to his particular situation. The
total size of the relevant subject pool for each question is given at the top of each section. Subjects who did not supply an answer were excluded from the
denominator in the percentage calculations

® The reasons listed in this section are not mutually exclusive. Each row in this section was summarized and tested as a separate “yes/no” item. One of the
341 survivors eligible to report on reasons skipped this section entirely; hence, the denominator for the % yes calculation among survivors is 340

#p<0.001; T p<0.05; the test for differences in proportions between survivors and siblings was statistically significant
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Table 3 Infertility prevalence by demographic and cancer treatment
factors in male survivors of childhood cancer with no history of a
recurrence or secondary malignant neoplasm

Characteristic Number (%) with
infertility (n=701)
Overall 290/701 (41.4)

Demographic factors
Age at time of MHQ (years)

20 to 29 12/50 (24.0)

30to 39 142/337 (42.1)

40 to 49 121/282 (42.9)

50+ 15/32 (46.9)
Race/ethnicity group

White (non-Hispanic)
Other
Unknown

Marital status

272/632 (43.0)
10/31 (32.3)
8/38 (21.1)
Ever married 278/676 (41.1)
11/23 (47.8)
1/2 (50.0)

Single (never married)
Unknown

Timing of puberty onset

Early 12/36 (33.3)
Normal 222/547 (40.6)
Late 52/113 (46.0)
Unknown 4/5 (80)

Cancer characteristics and cancer treatment factors®

Age at diagnosis (years)

0-4 69/191 (36.1)
59 63/163 (38.7)
10-14 91/186 (48.9)
15+ 67/161 (41.6)

Diagnosis group

Acute lymphoblastic leukemia 55/183 (30.1)

AML and other leukemias 3/10 (30.0)
CNS tumors 11/44 (25.0)
Hodgkin lymphoma 69/117 (59.0)
Non-Hodgkin lymphoma 36/102 (35.3)
Kidney tumors 15/49 (30.6)
Neuroblastoma 15/35 (42.9)

Soft tissue sarcoma 46/80 (57.5)

Ewing sarcoma 21/30 (70.0)
Osteosarcoma 17/48 (35.4)
Other bone tumors 2/3 (66.7)

Testicular radiation dose

No testicular radiation 85/231 (36.8)

<4 Gy 166/397 (41.8)
>4 Gy 19/23 (82.6)
Unknown 20/50 (40.0)

Pituitary/hypothalamic radiation dose
No pituitary/hypothalamic radiation
<20 Gy

85/231 (36.8)
154/314 (49.0)
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Table 3 (continued)

Characteristic Number (%) with
infertility (n=701)
20-30 Gy 21/81 (25.9)
>30 Gy 10/23 (43.5)
Unknown 20/52 (38.5)
TBI
No 264/640 (41.3)
Yes 2/2 (100)
Unknown 24/59 (40.7)
Surgical excision of any organ of the genital tract®
No 262/648 (40.4)
Yes 12/14 (85.7)
Unknown 16/39 (41.0)

Surgical procedure on the spinal cord/canal or sympathetic nerves

No 269/648 (41.5)
Yes 5/14 (35.7)
Unknown 16/39 (41.0)
AAD score
0 75/269 (27.9)
1 17/70 (24.3)
2 38/102 (37.3)
3 65/103 (63.1)
4 26/39 (66.7)
5+ 27/37 (73.0)
Unknown 42/81 (51.9)

Received bleomycin

No 241/611 (39.4)

Yes 33/51 (64.7)

Unknown 16/39 (41.0)
Received methotrexate

No 163/339 (48.1)

Yes 111/323 (34.4)

Unknown 16/39 (41.0)

MHQ Male Health Questionnaire, AML acute myelogenous leukemia,
CNS central nervous system, 7B/ total body irradiation, Gy Gray, 44D
summed alkylating agent dose score

#In addition to the cancer treatments summarized here, 13 other chemo-
therapy agents received by >5 % of patients in the analysis cohort were
evaluated. Only those chemotherapy agents which appear in the final
multivariable risk factor model are summarized in this table

®This surgery variable equals “yes” if the subject’s cancer treatment
records included one or more of the following procedures: orchiectomy,
radical prostatectomy, total cystectomy, or retroperitoneal dissection

However, the percentage of survivors reporting infertility
across all cancer diagnoses was greater compared to siblings.
This is consistent with results of the prior CCSS analysis in
which the HRs of fathering a pregnancy were reduced in all
male survivors except those with a primary diagnosis of
Wilms tumor or neuroblastoma when compared to siblings
[4]. In the treatment model, high-dose alkylating agent
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exposure (AAD>3), surgical excision of any male genital tract
organ, and testicular radiation dose >4 Gy were associated
with infertility, as found in previous studies [24—30].
Bleomycin, commonly used in regimens for Hodgkin lym-
phoma and germ cell tumors, has not previously been associ-
ated with testicular germ cell damage and infertility, and the
current association with infertility is a surprising and novel
finding of this study in need of further investigation [31, 32,
25]. While this may be a false-positive finding, bleomycin
may contribute to infertility but to a lesser extent than
alkylators. In a large study of male infertility in Hodgkin
lymphoma survivors, an elevated follicular stimulating hor-
mone (FSH) was found in 8 % (8/101) of males who had
received non-alkylator regimens with either ABVD (doxoru-
bicin, bleomycin, vinblastine, dacarbazine) or EBVP
(epirubicin, bleomycin, vinblastine, prednisone) and in 3 %
of males treated with radiation only (which did not include

direct gonadal exposure); however, persistent FSH elevation
was uncommon [33]. Also, many of the survivors with
bleomycin exposure had a primary diagnosis of Hodgkin
lymphoma (24/51; 47.1 %) in which there is known to be
testicular dysfunction at baseline prior to cancer treatment
[34]. Survivors of germ cell tumors are not included in the
CCSS cohort.

Therapies that affect the hypothalamic/pituitary axis have
been associated with impaired fertility in some studies [2,
35-37, 4, 38]. In our analysis, the prevalence of infertility was
similar among those who received no hypothalamic/pituitary
radiation (36.8 %), low-dose hypothalamic/pituitary radiation
(<30 Gy) (44.3 %), or high-dose hypothalamic/pituitary radia-
tion (>30 Gy) (43.5 %). CNS tumor survivors were underrep-
resented in the MHQ. Many of these received no radiation in
their treatment (44 %), which may explain the inability to
demonstrate increasing central radiation as a risk factor.

Table 4 Multivariable model assessing risk factors for infertility in male cancer survivors with no history of a recurrence or secondary malignant

neoplasm
Factors® Factor level Multivariable model estimates
Relative risk for infertility 95 % CI p value
Lower limit ~ Upper limit

Age at time of MHQ questionnaire (years) 20 to 29 1.00 - - -

30to 39 1.46 0.82 2.60 0.20

40 to 49 1.39 0.78 248 0.27

50+ 1.91 0.98 3.74 0.06
Surgical excision of any organ of the genital tract®  No 1.00 - - -

Yes 1.63 1.20 221 0.002
Testicular radiation dose No testicular radiation  1.00 - - -

<4 Gy 1.04 0.84 1.29 0.70

>4 Gy 1.99 1.52 2.61 <0.0001
AAD (non-platinum) score 0 1.00 - - -

1 1.06 0.66 1.69 0.82

2 1.31 0.94 1.84 0.11

3 2.04 1.58 2.64 <0.0001

4 2.07 1.52 2.82 <0.0001

5+ 2.39 1.79 3.20 <0.0001
Received bleomycin No 1.00 - - -

Yes 1.55 1.20 2.01 <0.001
Received methotrexate No 1.00 - - -

Yes 0.84 0.67 1.04 0.11

CI confidence interval, MHQ Male Health Questionnaire, Gy Gray, AAD summed alkylating agent dose score

*The factors included in this multivariable model are those that showed independent contributions to model fit (see “Materials and methods™ section for
details). Other factors that were evaluated in preliminary modeling but not included in the final multivariable model due to lack of independent
association with infertility were the following: race; marital status; age at diagnosis; timing of puberty onset; operations on the spinal canal or sympathetic
nerves; hypothalamic/pituitary radiation dose; and the indicator variables for exposure to anthracyclines, platinum-containing agents, vincristine,
vinblastine, Ara-C, mercaptopurine, thioguanine, L-asparaginase, hydroxyurea, prednisone, dexamethasone, and actinomycin D

° This surgery variable equals “yes” if the subject’s cancer treatment records included one or more of the following procedures: orchiectomy, radical
prostatectomy, or total cystectomy
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The present study has some limitations. First, we used a
medical definition of infertility. Therefore, those who did
not “try” to father a pregnancy but were able to do so and
those who decided not to try to father a pregnancy for
either medical or psychosocial reasons are not included.
Second, the CCSS is a retrospective cohort and relies on
self-report questionnaires. This is not the most accurate or
direct measure of infertility and also limited our ability to
look at variables such as body mass index. This analysis
was based on the MHQ and thus was limited by the
questions asked in this ancillary study of the CCSS. As a
cross-sectional study, data was not available on the timing
of the bout of infertility or infertility evaluation in relation
to pregnancies, lives births, or previous CCSS question-
naires. This limited our ability to address primary versus
secondary infertility and analyze associations with other
time-dependent variables. The treatment analysis did not
include survivors who had experienced a recurrence or
SMN, likely underestimating reported infertility in this
population of male cancer survivors as those likely to be
most heavily treated were excluded. Lastly, data also sug-
gests that males may underreport pregnancies, partly be-
cause they may not be informed of all pregnancies by
partners [4, 39].

The sensitive nature of questions in addition to demograph-
ic and treatment factors may have affected those who partic-
ipated in this survey and accuracy of the reporting. In this
analysis, 17.5 % of male siblings who reported infertility is in
broad agreement with worldwide estimates from Canada and
France of 11.5-24 %, though higher than those reported in the
USA (7.4 %) [22, 20, 21]. The rate of infertility evaluations
pursued by siblings (21 %) is also higher than the baseline
rate from the NSFG in the general population of 7.4 %
[23]. Male contribution to infertility was identified in the
majority of siblings who underwent a fertility evaluation
(95.9 % for survivors; 88.9 % for siblings) which is
substantially higher than population estimates from the
NSFG of 18.1 % suggesting some potential selection bias
[23]. Survivor and sibling participants were more likely to
be white, married, and older at the time of survey admin-
istration, which are all factors associated with a higher
likelihood of seeking an infertility evaluation. Older age is
also a risk factor for infertility. However, survivors still
reported relatively greater rates of infertility, not having
all the children they wanted, pursuing infertility evalua-
tions, and male-factor infertility. Survivor participants
were more likely to have Hodgkin lymphoma, associated
with more fertility problems, and less likely to have CNS
tumors, associated with less fertility problems, thus po-
tentially overestimating the general prevalence. Survivor
participants were also more likely to have fathered a
pregnancy versus non-participants which may have
caused bias in either direction.

@ Springer

This study highlights risk factors for fertility problems
among male survivors of childhood cancer and the impor-
tant reality that many male survivors of childhood cancer
and their partners are unable to have all the children they
want due to male-factor infertility. Risk factors for infertil-
ity include a testicular radiation dose of 4 Gy or more,
surgical excision of any organ of the genital tract, exposure
to higher doses of alkylating agents, and bleomycin expo-
sure. The novel association of infertility and bleomycin will
require future investigation. This information is important
in counseling patients prior to cancer treatment as they
make decisions about cryopreservation of semen. It is also
helpful at the completion of cancer treatment as they make
life decisions related to reproduction that include ongoing
maintenance of cryopreserved sperm and pursuit of fertility
evaluations. Future studies should examine infertility in
male survivors of childhood cancer longitudinally in order
to further investigate primary versus secondary infertility as
well as fertility recovery over time. The psychological and
social aspects of infertility for male survivors of childhood
cancer also warrant further study.
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