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abstract

PURPOSE To describe perceptions of infertility risk among adult survivors of childhood cancer, to test the
concordance of survivors’ risk perceptions and their adult fertility status, and to identify explanatory factors
(sociodemographic factors, gonadotoxic treatments, reproductive history, sexual dysfunction) associated with
these outcomes.

PATIENTS AND METHODS Adult childhood cancer survivors (N = 1,067; without children or a history of
pregnancies) completed questionnaires that asked about infertility risk perceptions and participated in physical
evaluations, including biomarkers of gonadal functioning (eg, semen analysis, blood hormone levels, menses).
Multivariable regression models tested associations between explanatory factors and risk perceptions as well as
concordance of perceptions and fertility status.

RESULTS Most childhood cancer survivors (61.9%) perceived themselves at increased risk for infertility, which
was significantly associated with sociodemographic factors (older age, white ethnicity, being married/partnered,
higher education), gonadotoxic treatments, fertility concerns, previous unsuccessful attempts to conceive, and
sexual dysfunction (all P, .05). Laboratory-evaluated impaired gonadal function was found in 24.3% of female
and 55.6% of male survivors, but concordance with survivors’ risk perceptions was low (Cohen’s k, .19). Most
survivors with discordant perceptions overestimated risk (ie, perceived being at risk, though fertility status
seemed normal; 19.7% of male and 43.6% of female survivors), whereas a minority underestimated risk (ie,
perceived no risk but were impaired/infertile; 16.3% of male and 5.3% of female survivors). Factors related to
discordance included sociodemographics, gonadotoxic treatments, fertility concerns, and sexual dysfunction
(all P , .05).

CONCLUSION Although childfree survivors may correctly consider themselves at risk for infertility on the basis of
their previous treatments, such risk perceptions were discordant from laboratory-evaluated fertility status among
many survivors in adulthood. Thus, repeated fertility-related communication throughout survivorship is es-
sential, because treatment-indicated risk does not equal fertility status after treatment. Offering fertility testing to
those who were at risk and/or those with fertility-related concerns is recommended.

J Clin Oncol 37:893-902. © 2019 by American Society of Clinical Oncology

INTRODUCTION

More than 15,000 children are diagnosed with cancer
in the United States every year,1 and more than 80%
survive long term into adulthood.2,3 Yet, cure comes at
a cost, as 73% to 93% of survivors are diagnosed with
one or more chronic health conditions by 30 years after
cancer diagnosis.4,5 Endocrine impairments, including
fertility problems, are among the most prevalent
medical late effects of childhood cancer treatment.6

Infertility rates range from 42% to 66% among male
childhood cancer survivors and from 11% to 26%
among female childhood cancer survivors; higher
rates occur among those who received alkylating
agents and/or pelvic radiation.7 Yet, many survivors are
unaware of their fertility status,8-12 and impaired fertility

or infertility can result in unexpected challenges after
treatment.8,13 For example, difficulties establishing
romantic relationships,14-18 fertility-related concerns/
uncertainty,11,14-16,19-22 and emotional distress23 have
been reported among survivors who desire but are
unable to have biological children.

Importantly, survivors’ beliefs about their fertility do not
necessarily align with their actual fertility status.
Qualitative studies indicated that some survivors re-
main anxious about infertility despite being informed
by providers that they should be fertile, whereas others
remain hopeful when they are infertile.15,20,21 Survivors
may also be told that their fertility is impaired or that
test results were ambiguous, which potentially causes
uncertainty and leads to a reliance on personal beliefs.
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Previous quantitative studies focused on either survivors’
self-reports of pregnancies/fertility24-27 or biomarkers of go-
nadal functioning (eg, hormone levels, semen analysis)28-35

but have not considered survivors’ own fertility-related per-
ceptions. Other studies examined survivors’ infertility risk
perceptions in conjunction with gonadotoxic treatment ex-
posure (as a proxy for increased infertility risk) and re-
ported that risk perceptions did not differ by treatment
exposure.19,36 Although important, reliance on treatment-
indicated risk in fertility counseling falls short, because
different responses to therapy yield variability in survivors’
fertility after treatment. Furthermore, previous studies did
not assess whether survivors’ fertility-related perceptions
align with their actual gonadal functioning. Such consid-
erations are necessary to effectively counsel survivors about
their family planning, because having children is an im-
portant life goal among many survivors of childhood
cancer.25,37-39 Therefore, this study aimed (1.) to describe
infertility risk perceptions among childfree adult survivors of
childhood cancer and (2.) to examine the concordance of
survivors’ risk perceptions with biomarkers of fertility.

PATIENTS AND METHODS

Design and Participants

The St Jude Lifetime Cohort Study (SJLIFE) was established
for longitudinal evaluations of health outcomes among
long-term survivors of childhood cancer treated at St Jude
Children’s Research Hospital.40,41 The SJLIFE protocol was
approved by the institutional review board, and informed
consent was obtained from survivors before participation.
Survivors included in these analyses completed an on-
campus evaluation before June 2016, were at least
18 years old, were at least 10 years post-diagnosis, and had
no biological children or history of conceiving/siring a preg-
nancy (ie, risk estimates would be unbiased from previous
pregnancies). Self-report questionnaires were completed
before fertility-related testing during the on-campus visit. A
total of 1,757 survivors were eligible, and 1,067 completed
the primary outcome (ie, infertility risk perception; Fig 1).
These 1,067 survivors were 29.0 years old (standard de-
viation, 8.0) and 21.9 years (standard deviation, 7.9) after a
diagnosis of leukemia (n = 416; 39.0%), solid tumor (n =
342; 32.1%), CNS tumor (n = 156; 14.6%), or lymphoma
(n = 153; 14.3%; Tables 1 and 2).

Measures

Infertility risk perceptions. As part of the SJLIFE Men’s/
Women’s Health Questionnaire, survivors were asked to
rate whether they perceived themselves at risk for infertility
compared with women/men their age without a history of
cancer. Answer categories included five options that were
dichotomized into perceptions of no increased risk (ie,
much less, slightly less, or about the same) and perceptions
of increased risk for infertility (ie, slightly more or much
more).

Explanatory factors. Potential covariates included self-
reported sociodemographic factors, including age at
evaluation, sex, ethnicity, relationship status, education,
household income, tobacco use, risky drinking, and mar-
ijuana use, along with on-campus measured body mass
index. (Table 1 lists descriptive statistics and categoriza-
tions.) Treatment-related factors were obtained from
medical records and included age at diagnosis, type
of diagnosis, second neoplasm or relapse, gonadotoxic
chemotherapy (expressed as cyclophosphamide equiva-
lent dose [CED]),43 radiation directed at gonads and/or
hypothalamus/pituitary, and any fertility-impairing surger-
ies (Table 2). Survivors also self-reported aspects of re-
productive history, including concerns about fertility,
unsuccessful attempts to conceive/sire a pregnancy, and
previous fertility testing (Table 1). Finally, sexual dys-
function was defined as moderate to severe sexual prob-
lems that impaired sexual activities; it was measured with
subscales of the International Index of Erectile Dysfunc-
tion44 among men and with the Sexual Functioning
Questionnaire45 among women. Specifically, the Interna-
tional Index of Erectile Dysfunction erectile functioning
subscale (six items) assessed difficulties getting and
maintaining an erection on a 5-point Likert-type scale
(almost never through almost always; 1 through 5). Scores
were summed and dichotomized into presence (ie, scores
# 21)46 versus absence of erectile dysfunction. Similarly,
the sexual problems subscale of the Sexual Functioning
Questionnaire listed nine problems that impair sexuality (eg,
vaginal dryness, pain during intercourse). If female survivors
endorsed any problem as occurring 75% of the time or
always and/or if it interrupted sexual activities, they were
categorized as experiencing sexual dysfunction (Table 1).

Male gonadal functioning. Fertility status in male survivors
was primarily determined through semen analysis (n = 309;
Fig 1). Male survivors were characterized as having nor-
mospermia (if . 15 million sperm/mL, . 40% motility,
and $ 4% normal forms by strict Krueger morphology),47

oligospermia (if values fell outside these ranges), or azo-
ospermia (if no sperm was identified). These were
dichotomized into subfertile/infertile (oligospermic, azoo-
spermic) versus fertile (normospermic). For survivors who
did not complete semen analyses (n = 238), morning
plasma levels of follicle stimulating hormone (FSH), lutei-
nizing hormone (LH), and testosterone were reviewed
(collected during SJLIFE visit) along with recorded di-
agnoses of hypogonadism on the basis of the Common
Terminology Criteria for Adverse Events, version 4.03. If this
information was inconclusive, medical records were
reviewed (n = 144) to evaluate whether survivors had
previous/repeated evaluations of FSH, LH, and/or testos-
terone, whether they were receiving testosterone re-
placement therapy, and/or whether they had other
conditions that potentially influenced their fertility (Fig 1).
Assays for normative hormone levels were 2.0 to 9.2 IU/L
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(for FSH), 1.2 to 7.0 IU/L (for LH), and 249 to 846 ng/dL (for
testosterone).48

Female gonadal functioning. Gonadal functioning in female
survivors was determined through medical chart reviews
that were based on previously established criteria.49 In-
formation to determine fertility status included the follow-
ing: physician diagnosis of premature ovarian insufficiency;
Common Terminology Criteria for Adverse Events grade for
primary or central hypogonadism; absence of spontaneous
onset of menarche (after treatment); menstrual cycles
(in combination with contraceptive use) at study partici-
pation; and levels of FSH, LH, and estradiol (collected
during SJLIFE visit). Fertility status was dichotomized into
subfertile/infertile versus fertile. Female survivors older than
age 40 years (n = 43 [9.8%] of 444) were excluded from
these subanalyses, because they may have experienced
natural menopause (Fig 1).50

Statistical Analyses

Descriptive statistics and missing data were examined for
all variables. Household income had the highest proportion
of missing values (17.7%; other variables had , 5.4%
missing). Therefore, a 20-iterartion multiple imputation was
conducted for household income using a fully conditional
specification method,51 conditioned on educational level.
Subsequently, a three-stepped approach was used to build
regression models for infertility risk perception (Aim 1).
First, associations among all explanatory factors and this
outcome were tested using univariable analyses. Covariates
significant at P values, .2 were retained to include a broad
net of potentially relevant variables. Second, the least ab-
solute shrinkage and selection operator (LASSO) was used
to select covariates. For each imputed data set, 10-fold
cross-validations were performed; and l, the regularization
weight, which resulted in minimal cross-validation error,

Female survivors
(with assessed

gonadal functioning)
(n = 399)

Male survivors
(with assessed

gonadal functioning)
(n = 547)*

Age < 18 years
(n = 38)

On-campus visit
(N = 3,276)

Survivors age ≥ 18 years
(n = 3,238)

Eligible survivors
(n = 1,757)

Included survivors
(n = 1,067)

Have children/ever conceived
(n = 1,481)

Did not complete health survey
(n = 690)

Female survivors
(n = 444)  

Male survivors
(n = 623)

Testosterone
Not determined Not determined(n = 22) (n = 2)

(n = 43)(n = 54)* Age > 40 years

FIG 1. Flow diagram of eligible and included survi-
vors (n = 1,067). (*) Gonadal functioning of male
survivors was determined by semen analysis (n =
309, or 56.5%) or by medical chart information (n =
238, or 43.5%); semen analyses of survivors on
testosterone replacement therapy were deemed
uninterpretable.
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was used to select covartiates. Those with coefficients
greater than 0 in at least five of the 10-fold cross-validations
were considered, and covariates selected in at least 80% of

the 20 imputed data sets were retained for multivariable
models. Third, multivariable models that used modified
Poisson regression52 were fitted using the selected

TABLE 1. Sociodemographic Factors, Reproductive History, and Sexual Dysfunction Among the Whole Group of Childhood Cancer Survivors and Separated
by Infertility Risk Perception

Variable
No. (%) of All Survivors

(N = 1,067)

No. (%) of Survivors by Perceived Risk

Increased Risk
(n = 660)

No Increased Risk
(n = 407)

Mean age at study, years (SD), range 29.0 (8.0), 18-59 29.7 (7.8), 18-59 27.9 (8.2), 18-54

Mean BMI, kg/m2 (SD), rangea 28.1 (7.5), 14-67 28.2 (7.7), 14-67 27.9 (7.1), 16-58

Sex

Female 444 (41.6) 280 (42.4) 164 (40.3)

Male 623 (58.4) 380 (57.6) 243 (59.7)

Race/ethnicity

White 908 (85.1) 590 (89.4) 318 (78.1)

Other (than white) 159 (14.9) 70 (10.6) 89 (21.9)

Current relationship statusb

Married/in relationship 559 (52.4) 388 (58.8) 171 (42.0)

Single 475 (44.5) 255 (38.6) 220 (54.1)

Educationc

High school/GED or less 341 (32.0) 176 (26.7) 165 (40.5)

Some post–high school training 358 (33.6) 218 (33.0) 140 (34.4)

Bachelor’s degree or higher 341 (32.0) 248 (37.6) 93 (22.9)

Household income, $d

, 20,000 170 (15.9) 95 (14.4) 75 (18.4)

20,000-59,999 387 (36.3) 242 (36.7) 145 (35.6)

60,000-99,999 196 (18.4) 133 (20.2) 63 (15.5)

$ 100,000 125 (11.7) 89 (13.5) 36 (8.8)

Ever/current tobacco smokere 280 (26.2) 180 (27.3) 100 (24.6)

Current marijuana userf 121 (11.3) 68 (10.3) 53 (13.0)

Risky drinkerg 387 (36.3) 256 (38.8) 131 (32.2)

Concerns about fertilityh

Very concerned 280 (26.2) 217 (32.9) 63 (15.5)

Concerned 511 (47.9) 302 (45.8) 209 (51.4)

Not at all concerned 239 (22.4) 119 (18.0) 120 (29.5)

Difficulties conceivingi 147 (13.8) 126 (19.1) 21 (5.2)

Tested for infertility 123 (9.6) 102 (15.5) 21 (5.2)

Sexual dysfunctionj 272 (25.5) 195 (29.5) 77 (18.9)

Abbreviations: BMI, body mass index; GED, general educational development; SD, standard deviation.
aMissing n = 15 (1.4%).
bMissing: n = 33 (3.1%).
cMissing: n = 27 (2.5%).
dMissing: n = 189 (17.7%).
eMissing: n = 14 (1.3%).
fMissing: n = 28 (2.8%).
gMissing: n = 20 (1.9%); according to theNational Institute for Alcohol Abuse and Alcoholism,42 risky drinking was defined as four or more drinks per day for

women and five or more drinks per day for men, or seven or more drinks per week for women and 14 or more drinks per week for men.
hMissing: n = 37 (3.5%).
iMissing: n = 6 (0.6%); refers to previous unsuccessful attempts to conceive/sire a pregnancy.
jMissing: n = 58 (5.4%).
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covariates. Models were further simplified by removing
covariates with P values . .1 without significant effect on
the model fit, as assessed by quasi-likelihood under the
independence model criterion (QIC). If household income
was selected by LASSO, results of the 20 imputed data sets
were combined and aggregated using PROC MIANALYZE
in SAS (SAS Institute, Cary, NC) to conduct statistical in-
ferences. Final results are presented as risk ratios (RRs)
and 95% CIs.

For Aim 2, the concordance of survivors’ risk perceptions
and biomarkers of gonadal function was tested using
Cohen’s k, for which coefficients less than 0.20 were
considered poor.53 Survivors either accurately appraised
their infertility risk, overestimated risk (ie, they were fertile
but perceived an increased risk), or underestimated risk (ie,
they were subfertile/infertile but perceived no risk). De-
scriptive statistics are presented, and factors associated
with over- and underestimations of risk (v accurately
considered risk) were tested. The same three-stepped
approach as described in the previous paragraph was
used to arrive at final multivariable models; results are
presented as RRs and 95% CIs. Statistical software
packages used in this study were SAS 9.4 (SAS Institute) for
multiple imputations and for univariable and multivariable
analyses, whereas R3.4.2 was used for LASSO (package
“glmnet”).54

RESULTS

Infertility Risk Perceptions

Almost two thirds of survivors (n = 660; 61.9%) perceived
an increased risk for infertility relative to peers with no
cancer history (v perceptions of no increased risk by n 5
407 survivors, 38.1%), which did not differ by sex (P =
.491). The final regression model (Table 3) indicated that
sociodemographic factors associated with increased risk
perceptions were older age at diagnosis (RR, 1.01; 95% CI,
1.00 to 1.02; P = .027), white ethnicity (RR, 1.43; 95% CI,
1.21 to 1.69; P , .001), married or partnered status (RR,
1.12; 95% CI, 1.01 to 1.25; P , .029), and a high school
diploma (RR, 1.23; 95% CI, 1.09 to 1.40; P = .001) or
bachelor’s degree (RR, 1.32; 95% CI, 1.17 to 1.49; P ,
.001) relative to less than high school diploma. In addition,
treatment-related factors associated with increased risk
perceptions included any CED (relative to none; RR, 1.42 to
1.47; P , .001; Table 3), radiation to gonads (RR, 1.21;
95% CI, 1.10 to 1.33; P , .001), and radiation to the
hypothalamus (RR, 1.15; 95% CI, 1.04 to 1.26; P = .007).
Reports of any concerns about fertility relative to none (RR,
1.61 and RR, 1.27; P , .001; Table 3), previous un-
successful attempts to conceive (RR, 1.20; 95% CI, 1.08 to
1.33; P , .001), and sexual dysfunction (RR, 1.19; 95%
CI, 1.08 to 1.30; P , .001) were also related to increased
infertility risk perceptions (Table 3).

TABLE 2. Treatment-Related Factors Among the Whole Group of Childhood Cancer Survivors and Separated by Infertility Risk Perception

Variable
No. (%) of All Survivors

(N = 1,067)

No. (%) of Survivors By Perceived Risk

Increased Risk
(n = 660)

No Increased Risk
(n = 407)

Mean age at diagnosis, years (SD), range 7.1 (5.3), 0-23 7.6 (5.4), 0-23 6.3 (5.1), 0-21

Mean time since diagnosis, years (SD), range 21.9 (7.9), 10-48 22.2 (8.0), 11-48 21.5 (7.8), 10-47

Type of diagnosis

CNS tumor 156 (14.6) 82 (12.4) 74 (18.2)

Leukemia 416 (39.0) 268 (40.6) 148 (36.4)

Lymphoma 153 (14.3) 109 (16.5) 44 (10.8)

Other solid tumor 342 (32.1) 201 (30.5) 141 (34.6)

Second neoplasm/relapse 92 (8.6) 59 (8.9) 33 (8.1)

CED, mg/m2*

None 422 (39.6) 195 (29.5) 227 (55.8)

, 4,000 89 (8.3) 64 (9.7) 25 (6.1)

4,000 to , 8,000 171 (16.0) 116 (17.6) 55 (13.5)

$ 8,000 378 (35.4) 283 (42.9) 95 (23.3)

Radiation location

Gonads 237 (22.2) 185 (28.0) 52 (12.8)

Hypothalamus/pituitary 380 (35.6) 246 (37.3) 134 (32.9)

Note: Fertility-impairing surgeries among female survivors (n5 444) included hysterectomy (n5 7, 1.6%) or oophorectomy (n 5 29, 6.5%), and among
male survivors (n 5 623) it included orchiectomy (n 5 16, 2.6%) and no prostatectomy.
Abbreviations: CED, cyclophosphamide equivalent dose; SD, standard deviation.
*Missing: n = 7 (0.7%).
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Risk Perceptions Versus Laboratory-Evaluated

Gonadal Function

Male survivors. More than half of all male survivors (n =
304; 55.6%) were classified as having impaired gonadal
function or being sterile, of whom 70.7% (n = 215 of 304)
accurately perceived themselves at increased risk. Less
than one fifth of all male survivors overestimated their risk
(n = 108; 19.7%), whereas 16.3% underestimated their
risk (n = 89; Table 4); and concordance with laboratory-
evaluated fertility status was poor (k = 0.19). Multivari-
able regression (Table 5) indicated that men who over-
estimated their risk were older at diagnosis (RR, 1.03; 95%
CI, 1.01 to 1.06; P = .006), were more often white (RR,
2.24; 95% CI, 1.27 to 3.96; P = .005), received some post–
high school education (relative to high school only: RR,
1.55; 95% CI, 1.10 to 2.17; P = .012), received CEDs

greater than 4,000mg/m2 (RR, 1.80 and RR, 1.96; P, .001;
Table 5), and were very concerned about their fertility
(RR, 1.96; 95% CI, 1.36 to 2.83; P, .001) relative to men
who did not overestimate their infertility risk.

Accordingly, multivariable models identified the same
factors, apart from age at diagnosis, for underestimation of
risk in the opposite direction. Thus, male survivors who
were white, received the highest education or highest CED,
or reported concerns about their fertility were less likely to
underestimate risk (Appendix Table A1, online only).

Note that distributions of discordant risk perceptions
among male survivors whose fertility status was determined
through semen analyses were comparable to those of the
full sample. Of those analyzed, 71.2% were classified as
infertile (29.5%, oligospermia; 41.7%, azoospermia); and
70.4% accurately perceived an increased infertility risk,
whereas 13.6% overestimated their risk.

Female survivors. A total of 97 female survivors younger
than age 40 years (24.3%) were classified as infertile, of
whom 78.4% (n = 76 of 97) considered themselves at
increased risk for infertility. However, overall concordance
of risk estimates with laboratory-evaluated gonadal function
was poor (k = 0.14): almost half of female survivors (n =
174; 43.6%) overestimated their risk (Table 4). Multivari-
able regression (Table 5) indicated that women who
overestimated risks were older (RR, 1.03; 95% CI, 1.01 to
1.05; P = .005), had a bachelor’s degree or higher (relative
to high school only: RR, 1.29; 95% CI, 1.01 to 1.65; P =
.040), were more often risky drinkers (RR, 1.36; 95% CI,
1.13 to 1.65; P = .002), had received varying CEDs (relative
to none: RR, 1.54 and RR, 1.40; P , .004; Table 5), had
received radiation to the gonads (RR, 1.32; 95% CI, 1.08 to
1.60; P = .006), reported some or great concern about their
fertility (RR, 1.50 and RR, 2.00, respectively; P , .041),
and/or reported sexual dysfunction (RR, 1.26; 95% CI,
1.06 to 1.51; P = .011; Table 5) relative to women who
accurately considered themselves at risk.

Similar analyses for female survivors who underestimated
risk (n = 21) could not be reported. Final models did not
converge because of limited sample size.

DISCUSSION

This is, to our knowledge, the first study to systematically
highlight the intersection of self-reported infertility risk
perceptions and actual fertility status in a large cohort of
childfree adult survivors of childhood cancer. Consistent
with previous research,19,36 most survivors perceived
themselves at increased risk for infertility. Yet, although
female survivors tend to be infertile at lower rates than male
survivors,7,55 both sexes had similar risk perceptions.
Consequently, many female, but also male, survivors
overestimated their risk for infertility, which highlights that
many survivors draw incorrect conclusions about their
current fertility potential. Infertility risk perceptions that are

TABLE 3. Final Multivariable Model on Infertility Risk Perception

Variable

Increased Infertility Risk Perception

RR 95% CI P

Age at diagnosis 1.01 1.00 to 1.02 .027

Race/ethnicity

Other (than white) 1.00 —

White 1.43 1.21 to 1.69 , .001

Relationship status

Single 1.00 —

Married/in relationship 1.12 1.01 to 1.25 .029

Education

High school/GED or less 1.00 —

Some post–high school training 1.23 1.09 to 1.40 .001

Bachelor’s degree or higher 1.32 1.17 to 1.49 , .001

CED, mg/m2

None 1.00 —

, 4,000 1.42 1.21 to 1.67 , .001

4,000 to , 8,000 1.42 1.23 to 1.63 , .001

$ 8,000 1.47 1.31 to 1.65 , .001

Radiation to gonads* 1.21 1.10 to 1.33 , .001

Radiation to hypothalamus/pituitary* 1.15 1.04 to 1.26 .007

Concerns about infertility

Not at all concerned 1.00 —

Somewhat concerned 1.27 1.10 to 1.46 , .001

Very concerned 1.61 1.40 to 1.84 , .001

Difficulties conceiving*† 1.12 1.01 to 1.25 .029

Sexual dysfunction* 1.19 1.08 to 1.30 , .001

NOTE. Final model excluded all covariates with P values . .1; n = 943; QIC =
4,473.44.
Abbreviations: CED, cyclophosphamide equivalent dose; GED, general

educational development; QIC, quasi-likelihood under the independence model
criterion.
*Reference category = none/absence of the respective covariate.
†Refers to previous unsuccessful attempts to conceive/sire a pregnancy.
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discordant from actual gonadal function after treatment can
have adverse implications for physical and/or emotional
health among survivors.

For example, survivors who assume that they are at risk
despite a fertility status that seems normal may become
anxious about their family planning, which could result in
unnecessary worry and distress and thus affect their emo-
tional health. Also, such misperceptions could affect survi-
vors’ physical health if they have unplanned pregnancies,11

increased use of emergency contraception,56 and/or acquire
sexually transmitted diseases secondary to engaging in
unprotected sexual behaviors. In contrast, survivors with
impaired fertility who perceive themselves at no increased
risk also raise concern. Fortunately, this subgroup was
relatively small among both female and male survivors
(, 17%), but these survivors are prone to emotional diffi-
culties, distress, and/or relationship problems if they plan on
having children but discover they are infertile.8,11,12,14-16,20

TABLE 4. Infertility Risk Perceptions Versus Laboratory-Evaluated Fertility Status

Risk Perception

No. (%) by Gonadal Function

Female Survivors
(n = 399)

Male Survivors
(n = 547)

Infertile* Fertile Infertile* Fertile

Increased risk 76 (19.1) 174 (43.6) 215 (39.3) 108 (19.7)

No increased risk 21 (5.3) 128 (32.1) 89 (16.3) 135 (24.7)

Total 97 (24.4) 302 (75.7) 304 (55.6) 243 (44.4)

*Refers to impaired gonadal function/sterility (ie, survivors who are unable to conceive/sire a pregnancy naturally).

TABLE 5. Final Multivariable Model for Overestimation of Infertility Risk for Female and Male Survivors of Childhood Cancer

Variable

Female Survivors Male Survivors

RR (95% CI) P RR (95% CI) P

Age at survey 1.03 (1.01 to 1.05) .005 —

Age at diagnosis — 1.03 (1.01 to 1.06) .006

Race/ethnicity

Other (than white) — 1.00 —

White — 2.24 (1.27 to 3.96) .005

Education

High school/GED or less 1.00 — 1.00 —

Some post–high school training 1.21 (0.92 to 1.59) .166 1.55 (1.10 to 2.17) .011

Bachelor’s degree or higher 1.29 (1.01 to 1.65) .040 1.41 (0.99 to 2.01) .054

Risky drinking* 1.36 (1.13 to 1.65) .002 —

CED, mg/m2

None 1.00 — 1.00 —

, 4,000 1.54 (1.21 to 1.96) , .001 1.47 (0.86 to 2.53) .161

4,000 to , 8,000 1.26 (0.98 to 1.62) .071 1.97 (1.42 to 2.74) , .001

$ 8,000 1.40 (1.12 to 1.76) .004 1.80 (1.33 to 2.43) , .001

Radiation to gonads* 1.32 (1.08 to 1.60) .006 —

Concerns about infertility

Not at all concerned 1.00 — 1.00 —

Somewhat concerned 1.50 (1.02 to 2.20) .041 1.30 (0.91 to 1.86) .148

Very concerned 2.00 (1.37 to 2.91) , .001 1.96 (1.36 to 2.83) , .001

Sexual dysfunction* 1.26 (1.06 to 1.51) .011 —

NOTE. Overestimation versus accurately considered risk. Female survivor (n5 270) model QIC5 1,068.80; male survivor (n5 235) model QIC5 670.42.
Abbreviations: CED, cyclophosphamide equivalent dose; GED, general educational development; QIC, quasi-likelihood under the independence model

criterion; RR, risk ratio.
*Reference category = none/absence of the respective covariate.
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Importantly, survivors’ risk perceptions can be addressed
by health care providers throughout survivorship. Typically,
survivors’ infertility risk is estimated on the basis of previous
treatment exposure, and, as demonstrated in this study,
survivors who received greater gonadotoxic treatment (ie,
higher CED, radiation to gonads) perceived higher risk. This
suggests that survivors were accurately counseled and/or
educated themselves about their infertility risk. However,
treatment-indicated risk does not directly translate into
adult fertility status (as also shown in our overestimation
analyses). In addition, the fertility potential of survivors may
decline more rapidly. Although many female survivors were
deemed fertile at the time of evaluation, they may experi-
ence premature ovarian insufficiency, which underscores
the importance of repeated fertility-related education and
counseling throughout survivorship.

Other factors identified in this study (eg, sexual dysfunction,
risky drinking) warrant additional exploration, because
underlying mechanisms/relations with infertility percep-
tions remain unclear. It may be speculated that female
survivors with sexual dysfunction interpret their symptoms
(and potential other physical sequelae) as impairment of
their fertility or ability to carry a pregnancy.15 This again
underscores the importance of educating survivors about
their reproductive health.56,57

Addressing survivors’ fertility status after treatment will
continue to be a salient issue in the future. Although there
are many efforts to increase fertility preservation at di-
agnosis, preservation is not viable for every patient or family,
and preservation methods remain experimental for pre-
pubertal patients. Preservation options will continue to
improve and should be considered in future research.
However, and irrespective of whether patients undergo
fertility preservation at diagnosis, many survivors will desire
clarity about their fertility status later in life. This will inform
whether they may need to use or could discard cry-
opreserved specimens and enable informed decisions
about protected sexual behaviors and/or family planning.

Although this is the first study, to our knowledge, that
combines survivors’ self-reported infertility risk perceptions
and laboratory-evaluated gonadal functioning, several
limitations should be considered. We excluded survivors
with a history of conceiving/siring a pregnancy, because
pregnancies are typically interpreted as indicators of intact
fertility. As such, our findings apply to childfree survivors,
and future studies should examine whether survivors with
children experience fertility-related difficulties/distress
during family planning, whether they are in need of
counseling, and/or whether they used assisted re-
productive technologies. Furthermore, we combined sub-
fertile and infertile survivors into one group. This decision
was made to use a more inclusive approach to high-
light survivors who could experience difficulties siring/
conceiving a pregnancy naturally. Reliance on hormonal
data to assess fertility is another limitation, which may

have resulted in misclassification of participants and
under-reporting of infertility. In women, the presence of
spontaneous onset of and/or regular menses is not nec-
essarily indicative of intact fertility and may be distorted by
contraceptive use. Additional markers may facilitate ovarian
function assessments (eg, anti-Mullerian hormone levels,
antral follicle count), but such evaluations were not part of
SJLIFE. In men, hormone levels are less reliable than semen
analysis results for the evaluation of reproductive function.
However, proportions of discordant risk ratings were similar in
men with semen analysis and the whole group of male
survivors. Furthermore, participation in research about
sensitive issues (ie, fertility testing, questionnaires about in-
timate issues) may induce selection bias. Nevertheless, the
presented sample did not differ from the 690 nonrespon-
dents with regard to age at participation, age at diagnosis, or
type of diagnosis, but more men than women refused to
complete questionnaires (P = .004). Finally, conducting
research to assess fertility status requires debriefing of sur-
vivors (ie, communication of test results), which was per-
formed after questionnaire completion in this study.

To conclude, this study demonstrated that most childfree
adult survivors of childhood cancer consider themselves at
risk for infertility, which was related to various sociodemo-
graphic, gonadotoxic, and reproductive factors, as well as
sexual dysfunction. Risk perceptions were often discordant
from laboratory-evaluated gonadal functioning, and most
survivors overestimated—rather than underestimated—risk.
Addressing fertility in survivorship seems particularly im-
portant for survivors of childhood cancer, because young age
at diagnosis often precludes them from participating in
fertility preservation and/or fertility-related discussions with
providers. Nevertheless, and even if patients preserved
sperm/oocytes, many survivors may be left questioning their
fertility status after treatment. Providers should educate and
counsel survivors based on treatment-indicated risk, yet they
should emphasize that estimated risk does not simply
translate into adult fertility status. Survivors’ personal goals
about family planning should also be taken into consider-
ation. Thus, survivors at risk, those who show initial signs of
fertility problems (eg, irregular menses), those who desire/
requestmore fertility-related information, and/or thosewho are
experiencing fertility-related uncertainties, worries, or distress
should be offered fertility testing. This could range from in-
terpretation of blood hormone levels to semen analysis/antral
follicle counts and/or referrals to reproductive specialists. By
providing such services, a reduction in misperceptions and
emotional burden may be achieved. Furthermore, such dis-
cussions may promote opportunities for fertility preservation
among survivors with impaired gonadal functioning (eg, fe-
male survivors with reduced or declining ovarian reserve;
male survivors with severe oligospermia). Activities of this
nature will expand family building options for childhood
cancer survivors and increase opportunities for biological
parenthood among those who desire biological children.
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APPENDIX

TABLE A1. Final Multivariable Model for Underestimation of Infertility Risk Among Male Survivors of Childhood Cancer

Variable

Male Survivors (N = 287)

RR 95% CI P

Race/ethnicity

Other (than white) 1.00 —

White 0.54 0.37 to 0.80 , .001

Education

High school/GED or less 1.00 —

Some post–high school training 0.92 0.62 to 1.36 .661

Bachelor’s degree or higher 0.55 0.34 to 0.88 .013

CED, mg/m2

None 1.00 —

, 4,000 0.78 0.44 to 1.40 .411

4,000 to , 8,000 0.77 0.47 to 1.26 .306

$ 8,000 0.60 0.39 to 0.91 .017

Concerns about infertility

Not at all concerned 1.00 —

Concerned 0.68 0.46 to 0.98 .040

Very concerned 0.41 0.24 to 0.68 , .001

NOTE. Underestimation versus accurately considered risk; model QIC = 500.46.
Abbreviations: CED, cyclophosphamide equivalent dose; GED, general educational development; QIC, quasi-likelihood under the independence model

criterion; RR, risk ratio.
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