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Abstract
Background: Cancer survivors who received gonadotoxic treatment are at- risk 
for future infertility and may desire a fertility status assessment (FSA), defined as 
semen analysis for males and consultation with a reproductive specialist for fe-
males. The purpose of this study was to describe the proportion of, and factors as-
sociated with, interest in FSA among young adult survivors of childhood cancer.
Methods: This retrospective single- institution review included patients with 
prior gonadotoxic treatment, aged 18– 25 years and >1 year from cancer treatment 
completion, who received a fertility- focused discussion during survivorship. 
Documentation of interest in and completion of FSA, worry about infertility, soci-
odemographic, and clinical characteristics were abstracted from medical records. 
Multivariable logistic regression was performed to calculate odds ratios (OR) and 
95% confidence intervals (95%CI) for factors associated with interest in FSA.
Results: Survivors (N  =  259) were on average 19.2 ± 1.2 years at their fertility 
discussion; 55.6% were male and 57.9% non- Hispanic white. Interest in FSA was 
reported by 50.7% of males and 46.1% of females. Factors related to interest in 
FSA for males and females respectively, included worry about infertility (OR 2.40, 
95%CI 1.11– 5.27, p = 0.026 and OR 4.37, 95%CI 1.71– 12.43, p = 0.003) and ≥2 
fertility discussions (OR 3.78, 95%CI 1.70– 8.75, p = 0.001 and 2.45, 95%CI 1.08– 
5.67, p = 0.033). Among males, fertility preservation consult/procedure at diag-
nosis (OR 3.02, 95%CI 1.09– 9.04, p = 0.039) and high- risk for infertility (OR 2.47, 
95%CI 1.07– 5.87, p = 0.036) were also associated with interest in FSA.
Conclusions: Cancer survivors are interested in FSA, particularly those who 
have had repeated fertility- focused discussions during survivorship care and who 
report worry about infertility.
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1  |  INTRODUCTION

Nearly 85% of children and adolescents diagnosed with 
cancer will survive,1 however many are exposed to go-
nadotoxic treatment as part of their cancer therapy and 
are therefore at risk for infertility.2 Receipt of gonadotoxic 
therapies (e.g., alkylating or heavy metal chemotherapy, 
radiation and/or surgery impacting the gonads, radiation 
to the hypothalamus, and/or hematopoietic stem cell 
transplant) is associated with oligospermia or azoosper-
mia in males3,4 and premature ovarian insufficiency or 
primary ovarian failure among females.2,5 Infertility rates 
among childhood cancer survivors range from 42– 66% for 
males and 11– 25% for females.6

Male and female young adult survivors of childhood 
cancer (YASCC) can experience distress regarding poten-
tial infertility.7– 9 Discussions about future fertility are a 
priority among patients and families at the time of can-
cer diagnosis10,11 and during survivorship.12– 14 Fertility- 
related concerns (e.g., uncertainty regarding fertility, 
worry about pregnancy or future parenthood15,16) are re-
ported by 20– 60% of cancer survivors.7 Fertility- related 
concerns have been associated with psychological distress, 
depression, and anxiety,7 and desiring a child or another 
child are associated with increased distress and poorer 
mental health.17– 19 Most survivors in emerging adulthood 
(i.e., 18– 25 years of age) are unlikely to have had children 
and may experience fertility- related distress.

Although infertility is a significant concern for YASCC, 
many are unaware of their fertility status as they have nei-
ther been formally assessed nor pursued a natural preg-
nancy.20 Among survivors at- risk for infertility, a fertility 
status assessment (FSA) is frequently recommended to 
those who are interested, consistent with national guide-
lines.21 FSA in females usually involves the interpretation 
of hypothalamic- pituitary- ovarian hormones and an an-
tral follicle count22 interpreted by a fertility specialist (e.g., 
reproductive endocrinologist). Fertility status for males is 
most accurately assessed through semen analysis.23

Survivors who have received gonadotoxic cancer ther-
apy desire personalized information regarding their risk 
for infertility24 and current fertility status.25,26 In a sample 
of 98 cancer survivors in early adulthood (18– 21 years of 
age), 71% of females and 66% of males reported interest in 
FSA,27 yet studies of adult (18– 55 years of age) cancer sur-
vivors demonstrate low uptake of semen analysis among 
males and evaluation by a fertility specialist among fe-
males.28– 31 In a study of 92 survivors of childhood cancer 
(22– 44 years of age), participants reported uncertainty 
and concerns regarding fertility, yet almost half had not 
completed an FSA; younger age was associated with non- 
completion of an FSA.32 While the provision of tailored 
education has proven successful in improving accurate 

knowledge of infertility risk,27 little is known regarding 
factors that influence survivors' interest in, and receipt of, 
FSA during early young adulthood.

Survivors of childhood cancer typically face a health-
care transition from pediatric to adult healthcare systems 
during young adulthood. It is unclear what proportion of 
survivors are interested in an FSA during emerging adult-
hood, while under the care of a pediatric cancer survivor-
ship program. The purpose of this study was to describe 
the proportion of YASCC interested in and completing, 
FSA. We also describe clinical and sociodemographic fac-
tors associated with FSA interest (defined as a semen anal-
ysis in males, or formal consultation with a reproductive 
endocrinologist accompanied by hormone assessment 
and/or antral follicle count for females).

2  |  METHODS

This study utilized a single institution review of clinical 
data abstracted from electronic medical records among 
YASCC who received care within the childhood cancer 
survivor clinic. The multidisciplinary cancer survivor 
clinic includes oncology, endocrinology, psychology, 
nursing, and social work providers who see patients be-
ginning around 2 years after completion of their cancer 
treatment. Survivors are followed until the age of 21 years 
at which time they transition to adult healthcare; patients 
over the age of 21 years who have never attended the sur-
vivor clinic are eligible for a one- time visit. Eligibility cri-
teria for this study included (1) prior cancer diagnosis; (2) 
≥1 visit to the cancer survivor clinic between 1/1/2017 and 
9/30/2019; (3) ≥1  year from completion of cancer treat-
ment; (4) 18.00– 25.99 years of age at the time of visit; (5) 
and a history of receiving gonadotoxic therapy (alkylating 
agents, heavy metal chemotherapy, radiation affecting the 
gonads [pelvis, spine, total body irradiation, cranial radia-
tion ≥30 Gy], retroperitoneal lymph node dissection and/
or hematopoietic cell transplant). Survivors were excluded 
if they had not received a fertility- focused discussion dur-
ing their survivorship clinical visit. Additionally, if survi-
vors had received their initial fertility- focused discussion 
<18 years of age, they were excluded due to differences in 
the developmental stage and decision- making capacity 
for pursuing FSA. Survivors of brain tumors are followed 
in a separate survivorship clinic at the study institution 
and are not represented in this study. Ethical approval for 
this study was obtained from the Children's Healthcare of 
Atlanta institutional review board (IRB# 00000416).

Consistent with national guidelines, survivors who re-
ceived gonadotoxic treatment were counseled regarding 
their risk for infertility with a focused discussion at age 
18 years or older. Survivor team endocrinology providers 
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led a discussion of the survivor's risk for treatment- related 
infertility, an interpretation of current reproductive hor-
mone levels, and an assessment of fertility- related worry. 
The discussion also included options for FSA and family 
building and interested survivors were provided with a 
handout with contact information for reproductive clin-
ics where they could complete an FSA; for survivors who 
expressed interest in an FSA, this was documented in the 
medical record. Receipt of FSA was documented in the 
clinical record based on survivor reports at subsequent 
clinical visits, or if the FSA report was sent to our center, 
and in some cases, the fertility team conducted follow- up 
phone calls with survivors.

2.1 | Variables of interest

2.1.1 | Sociodemographic and clinical

Sociodemographic variables were abstracted from par-
ticipant medical records, including sex, race/ethnicity, 
insurance type, religion, and zip code. Using zip codes, 
participants were classified as living in rural or non- 
rural areas in accordance with the Health Resources and 
Services Administration Federal Office of Rural Health 
Policy.33 Clinical characteristics included cancer diagno-
sis category (leukemia, lymphoma, solid tumor), age at 
diagnosis, and time from treatment completion (in years). 
Treatment- related risk for infertility (low, moderate, or 
high risk) was determined based on each survivor's gon-
adotoxic exposures, using the risk stratification consensus 
available at the time of patient counseling.27 Hormonal lab-
oratory results were abstracted and grouped into a binary 
variable within or outside normal limits; values outside 
of normal limits for males included follicle- stimulating 
hormone (FSH) ≥12.0  IU/ml34 and for females included 
either an FSH ≥40.0 IU/ml and/or an anti- Mullerian hor-
mone level below the lower limit of the assay-  and age- 
specific reference range.

2.1.2 | Fertility- related variables

The fertility- focused discussions were documented in 
the medical record using a standardized note. Interest in 
FSA was categorized as expressed interest (interested now 
or in the future [n  =  126]) versus no expressed interest 
(documentation that survivor was not interested [n = 46] 
or absence of documentation regarding interest [n = 87]). 
Worry about infertility was similarly characterized as ex-
pressed worry (e.g., ‘survivor reported they were worried’, 
[n  =  165]) versus no expressed worry (documentation 
that the survivor was not worried [n = 84] or absence of 

documentation regarding worry [n  =  10]). The number 
of fertility- focused discussions (1 vs. ≥2), and receipt of 
FSA (documentation of semen analysis for males or con-
sultation with a reproductive endocrinologist for females) 
were also abstracted. Fertility consult (n = 9) and fertil-
ity preservation procedure (n = 21) prior to gonadotoxic 
treatment were combined as a single variable (yes vs. no), 
due to low numbers.

2.1.3 | Statistical analysis

Descriptive statistics were utilized to examine the soci-
odemographic and clinical characteristics of the sample, 
as well as to determine the prevalence of interest in, and 
completion of, FSA. Participants who expressed interest in 
FSA were compared to those who did not express interest 
using Mann– Whitney U tests for continuous variables and 
Chi- square or Fisher's exact tests for categorical variables.

Multivariable logistic regression models were used 
to identify factors associated with interest in FSA, com-
pared with no expressed interest in FSA among males 
and females separately. Sociodemographic and clinical 
characteristics (see Table 1 for list of variables) were first 
examined using univariable logistic regression and those 
with p < 0.1 were included in a multivariable model; for 
variables with >5% missing data, ‘Missing’ was included 
as a variable category in the model. The parsimonious 
multivariable model was developed using stepwise back-
ward variable elimination, only retaining variables with 
p < 0.1 in the final model. Variables in the parsimonious 
model with p < 0.05 were considered statistically signifi-
cant. All analyses were conducted using R Studio version 
1.3.1093.

3  |  RESULTS

Among 308 participants who met eligibility criteria, 259 
(84.1%) received a fertility- focused discussion and were 
included in this analysis. Reasons for exclusion from the 
analysis included receiving initial fertility- focused discus-
sions and/or FSA when the survivor was a minor (e.g., 
<18 years of age; n  =  26), no fertility discussion during 
survivorship visits due to patient declining the conversa-
tion (n = 6), other reasons (n = 12), or the fertility discus-
sion was deferred due to patient's cognitive status (n = 5; 
Figure 1). There were no differences in sex or race between 
included and excluded participants; survivors of leukemia 
were underrepresented in the participant sample (36.7% 
of participants vs. 53.1% of non- participants) while survi-
vors of lymphoma were overrepresented (25.9% of partici-
pants vs. 10.2% of non- participants, p = 0.028). The final 



   | 677CHERVEN et al.

T A B L E  1  Participant characteristics for the entire sample and comparisons by survivor's expressed interest in a fertility status 
assessment among males and females

Characteristic

Entire sample Males (n = 144) Females (n = 115)

(N = 259)
Expressed interest 
(n = 73)

Did not express 
interest (N = 71)

Expressed interest 
(N = 53)

Did not express 
interest (N = 62)

Age at first fertility discussion during survivorship (years)

Mean (SD) 19.2 (1.2) 18.9 (0.9) 19.2 (1.3) 19.3 (1.5) 19.2 (1.3)

Median (range) 18.7 (18.0, 25.3) 18.6 (18.0, 21.8) 18.7 (18.0, 24.0) 18.8 (18.0, 25.3) 18.8 (18.1, 23.7)

Age at diagnosis (years)

Mean (SD) 9.6 (5.7) 9.9 (5.5) 9.1 (5.5) 10.2 (5.7) 9.1 (6.1)

Median (range) 10.3 (0.1, 21.9) 12.2 (0.1, 18.8) 8.4 (0.3, 19.6) 12.2 (0.3, 21.0) 8.0 (0.4, 21.9)

Time from cancer treatment completion (years)

Mean (SD) 8.0 (5.2) 7.3 (5.1) 8.4 (5.0) 7.8 (5.7) 8.6 (5.1)

Median (range) 6.7 (1.0, 21.5) 5.6 (1.5, 19.6) 8.0 (1.1, 21.5) 5.4 (1.3, 20.6) 8.0 (1.1, 18.1)

N (%) N (%) N (%) N (%) N (%)

Race/ethnicity

Non- hispanic 
white

150 (57.9) 42 (51.2) 40 (48.8) 31 (45.6) 37 (54.4)

Black 67 (25.9) 18 (45.0) 22 (55.0) 15 (55.5) 12 (44.4)

Hispanic 23 (8.9) 6 (54.5) 5 (45.5) 5 (41.7) 7 (58.3)

Asian 8 (3.1) 1 (33.3) 2 (66.7) 2 (60.0) 3 (40.0)

Other 11 (4.2) 6 (75.0) 2 (25.0) 0 (0.0) 3 (100.0)

Religion

Christian 142 (54.8) 36 (50.1) 37 (49.3) 33 (47.8) 36 (52.2)

Non- christian or 
no preference

64 (24.7) 17 (45.9) 20 (54.1) 12 (44.4) 15 (55.6)

Missing 53 (20.5) 20 (58.8) 14 (41.2) 8 (42.1) 11 (57.9)

Geographical location by rural status

Non- rural 229 (88.4) 68 (52.3) 62 (47.7) 47 (47.5) 52 52.5)

Rural 30 (11.6) 5 (35.7) 9 (64.3) 6 (37.5) 10 (62.5)

Insurance type

Commercial/
private

180 (69.5) 50 (51.0) 48 (49.0) 43 (52.4) 39 (47.6)

Medicaid/
self- pay

79 (30.5) 23 (50.0) 23 (50.0) 10 (30.3) 23 (69.7)

Cancer diagnosis category

Leukemia 95 (36.7) 23 (40.4) 34 (59.6) 13 (34.2) 25 (65.8)

Lymphoma 67 (25.9) 23 (63.9) 13 (36.1) 15 (48.4) 16 (51.6)

Solid tumor 97 (37.5) 27 (52.9) 24 (47.1) 25 (54.3) 21 (45.6)

Fertility preservation consult and/or procedure before treatment

Yes 30 (11.6) 16 (66.7) 8 (33.3) 1 (16.7) 5 (83.3)

No 229 (88.4) 57 (47.5) 63 (52.5) 52 (47.8) 57 (52.3)

Hormonal laboratory evaluationa

Within normal 
limits

199 (78.0) 55 (47.0) 62 (53.0) 34 (41.5) 48 (58.5)

Outside normal 
limits

56 (22.0) 17 (65.4) 9 (34.6) 16 (53.3) 14 (46.7)

(Continues)
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sample consisted of 144 (55.6%) male and 115 (44.4%) 
 female participants.

At the time of initial fertility discussion, partici-
pants were an average of 19.2 (±1.2) years of age and 8.0 
(±5.2) years from cancer treatment completion (Table 1). 
The majority of participants were non- Hispanic white 
(57.9%), Christian (54.8%), had commercial or private in-
surance (69.5%), and lived in a non- rural area (88.4%). 
The most common cancer diagnosis category was a solid 

tumor (37.5%), followed by leukemia (36.7%) and lym-
phoma (25.9%). Just over half of the participants had 
a low level of treatment- related infertility risk (56.8%), 
15.8% had moderate risk, and 27.4% of participants 
were at high- risk for infertility. The majority of partic-
ipants (63.3%) completed one fertility- focused discus-
sion during the study period. Nearly all participants had 
hormonal laboratory evaluations to guide the discussion 
with 18.2% of males and 26.8% of females having results 

Characteristic

Entire sample Males (n = 144) Females (n = 115)

(N = 259)
Expressed interest 
(n = 73)

Did not express 
interest (N = 71)

Expressed interest 
(N = 53)

Did not express 
interest (N = 62)

Infertility risk

Low 147 (56.8) 28 (38.9) 44 (61.1) 31 (41.3) 44 (58.7)

Moderate 41 (15.8) 15 (60.0) 10 (40.0) 8 (50.0) 8 (50.0)

High 71 (27.4) 30 (63.8) 17 (36.2)* 14 (58.3) 10 (41.7)

Number of fertility discussions during survivorship

1 164 (63.3) 37 (39.4) 57 (60.6) 25 (35.7) 45 (64.3)

≥2 95 (36.7) 36 (72.0) 14 (28.0)*** 28 (62.2) 17 (37.8)**

Survivor expressed worry about future infertilityb

Yes 165 (63.7) 52 (63.4) 30 (36.6) 46 (55.4) 37 (44.6)

No 94 (36.3) 41 (66.1) 21 (33.9)*** 7 (21.9) 25 (78.1)**

Proportions are presented as row percentages. Differences in interest in fertility status assessment by sex were assessed using chi- square or fisher's exact test for 
categorical data and t- test or Mann– Whitney U for continuous data.
Abbreviation: SD, standard deviation.
aProportions were calculated by excluding missing values (n = 4). Hormonal laboratory values outside of normal limits for males included a follicle stimulating 
hormone (FSH) ≥12.0 and for females included either an FSH ≥40.0 and/or an anti- Mullerian hormone level below the lower limit of the assay- specific 
reference range.
bSurvivors were asked if they were worried about future infertility as part of the fertility discussion.
*p < 0.05; **p < 0.01; ***p < 0.001.

T A B L E  1  (Continued)

F I G U R E  1  Study inclusion flow 
chart.

Cancer survivors aged 18-25 years 
who completed a visit in the cancer 
survivor clinic during the study time 

period (N=359)

Met initial inclusion criteria: N=308 

Included in the analysis: N=259 
(84.1%)

Did not meet study inclusion: n=51 
• <1 year from cancer treatment completion at the 

time of survivor clinic visit n=8
• Deceased during the time period n=2
• Bilateral oophorectomies n=2
• Not at risk for infertility (i.e. no gonadotoxic tx) n=39

Excluded from analysis: n=49 (15.9%)
• Initial fertility-focused discussion and/or FSA 

occurred when survivor was a minor (<18 years) 
n=26 (8.4%) 

• No fertility discussion n=23 (7.5%)
Survivor declined n=6
Deferred due to survivor’s cognitive status 
n=5
Other reasons n=12
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outside the normal limits. Worry about future infertil-
ity was expressed by 83 (72.2%) females and 82 (56.9%) 
males (Figure 2).

A total of 126 (48.6%) participants expressed interest 
in FSA with similar rates between males (n = 73, 50.7%) 
and females (n = 53, 46.1%). Univariable analysis of fac-
tors associated with interest in an FSA among males and 
females are presented in Tables S1 and S2, respectively. 
In a multivariable logistic regression model, factors as-
sociated with interest in FSA among males included ≥2 
fertility discussions during survivorship (odds ratio [OR] 
3.78, 95% confidence interval [CI]: 1.70– 8.75, p < 0.001), 
fertility preservation consult and/or procedure before 

gonadotoxic treatment (OR  =  3.02, 95%CI: 1.09– 9.04, 
p  =  0.039), worry about future infertility (OR  =  2.40, 
95%CI: 1.11– 5.27, p = 0.026), and high level (compared 
with low level) of risk for infertility (OR = 2.47, 95%CI: 
1.07– 5.87, p = 0.036; Table 2). Among females, ≥2 fertil-
ity discussions during survivorship (OR  =  2.45, 95%CI: 
1.08– 5.68, p  =  0.033) and worry about future infertility 
(OR = 4.37, 95%CI: 1.71– 12.43, p = 0.003) were related 
to interest in FSA (Table 3); insurance type met criteria 
to remain in the multivariable model but did not meet 
statistical significance.

Only 4 (2.8%) males and 10 (8.7%) females survivors 
had completed FSA while being followed in the can-
cer survivor clinic. Models for FSA completion could 
not be tested/built due to the relatively low rates of 
completion.

F I G U R E  2  Proportion of participants 
who expressed worry about infertility, 
interest in FSA, and who completed an 
FSA (N = 259).

T A B L E  2  Multivariable parsimonious model of factors related 
to expressed interest in fertility status assessment among males 
(N = 144)

Variable OR 95% CI p value

Number of fertility discussions during survivorship

1 1.00

≥2 3.78 1.70 8.75 0.001

Fertility preservation consult and/or procedure before treatment

No 1.00

Yes 3.02 1.09 9.04 0.039

Expressed worry about infertility

No 1.00

Yes 2.40 1.11 5.27 0.026

Infertility risk

Low 1.00

Moderate 1.86 0.67 5.30 0.236

High 2.47 1.07 5.87 0.036

Using backwards elimination, cancer diagnosis was eliminated from the 
parsimonious model.

T A B L E  3  Multivariable parsimonious model of factors related 
to expressed interest in fertility status assessment among females 
(N = 115)

Variable OR 95% CI p value

Number of fertility discussions during survivorship

1 1.00

≥2 2.45 1.08 5.68 0.033

Expressed worry about infertility

No 1.00

Yes 4.37 1.71 12.43 0.003

Insurance type

Commercial/
private

1.00

Medicaid/self- pay 0.40 0.16 0.99 0.053

Using backwards elimination, cancer diagnosis, and hormonal laboratory 
evaluation were eliminated from the parsimonious model.
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4  |  DISCUSSION

For survivors of childhood cancer who are at risk for infer-
tility, FSA can provide clarity regarding their current fertil-
ity status and options for future biological parenthood. In 
this study of YASCC, who had received a fertility- focused 
discussion during the study window, about half were in-
terested in FSA (51% of males, 46% of females), although 
few had completed assessments (3% of males, 9% of fe-
males) before transitioning from our institution to adult 
healthcare. Prior research has focused on a wide age range 
of YASCC while our study adds to the literature by dem-
onstrating a large proportion of survivors are interested 
in FSA during emerging adulthood. Additionally, we uti-
lized an approach that increases the ecological validity of 
the study findings, as data were abstracted from standard-
ized notes in the medical record and reflected clinical en-
counters that occurred in the survivorship clinic. Among 
both males and females, worry about infertility and more 
than one fertility- focused discussion during survivorship 
were associated with interest in FSA; for males, additional 
factors associated with interest in FSA included being at 
high- risk for infertility and having completed a fertility 
consultation and/or fertility preservation procedure prior 
to their gonadotoxic treatment.

Prior studies of YASCC consistently demonstrate that 
survivors are interested in information regarding their 
risk for infertility and education about reproductive 
health.24,27 We found that, despite half of the sample re-
porting interest, less than 10% of survivors had received an 
FSA. Our findings are consistent with previous research 
which suggests that while survivors are interested in FSA, 
few have pursued these services.26,29,30 YASCC who have 
pursued FSA described a desire to be prepared for the fu-
ture, while others have not pursued assessment because 
they are worried about the finality of the results if they 
are infertile.35 The lack of FSA completion in our study 
may be influenced by the young age of participants in our 
sample, many of whom are likely years from pursuit of 
a pregnancy or family- building. Additionally, over half 
(58%) of survivors received gonadotoxic treatment that is 
associated with low- risk for infertility, and three- quarters 
(78%) had normal hormonal evaluations, which may be 
reassuring to survivors, resulting in a delay of pursuit for 
FSA.Male and female survivors who were worried about 
future infertility had a 3-  and 4- fold increased likelihood 
of expressing interest in FSA, respectively. Reproductive 
concerns, including worry, are common among cancer 
survivors and can be associated with uncertain fertility 
status. FSA may provide insight regarding future repro-
ductive health choices and options for biological parent-
hood for survivors who are interested. Uncertain fertility 
status is reported by 48– 77% of survivors of childhood 

cancer, despite an overwhelming interest in biological 
children.26,29,31,32 In qualitative studies of young adult sur-
vivors, females describe the psychological burden of un-
certain fertility, pressure on their family building timeline 
due to possible premature menopause, and missing out 
on the shared peer and social experiences associated with 
pregnancy.36,37 In our study, survivors were provided with 
information to access FSA, however, few have completed 
an assessment. The decision- making process for FSA and 
barriers and facilitators to accessing FSA among emerging 
adult survivors warrants further study.

FSA procedures and results differ for males and fe-
males. Males who are at least several years from cancer 
treatment completion and complete a semen analysis can 
generally receive a confirmation of fertility or infertility 
which is unlikely to change as they age. The costs for this 
procedure are generally <USD $300. For females, results 
of FSA can provide insight into their current fertility sta-
tus and reproductive window, but findings are less defin-
itive and females' fertility status changes with age. There 
is also the potential for higher costs associated with hor-
monal laboratory evaluation, transvaginal ultrasound to 
measure antral follicle count, and consultation with the 
reproductive endocrinologist if insurance coverage is not 
available. There may be potential adverse psychological 
consequences for survivors who pursue FSA and receive 
results that suggest infertility or likelihood of reduced fer-
tility. For example, survivors may experience a sense of 
loss, regret for not taking part in fertility preservation at 
the time of cancer diagnosis, or worry regarding perceived 
social consequences of infertility.7 However, receiving an 
FSA earlier, during emerging adulthood, may be helpful 
by providing more time for survivors to pursue alternative 
parenthood options and reduce distress associated with 
uncertainty.36 For females, FSA during emerging adult-
hood can be particularly informative for survivors who 
will likely have a shortened reproductive window by of-
fering an opportunity for post- treatment fertility preserva-
tion. However, these assessments may be burdensome to 
some survivors, with the potential for a negative impact 
on romantic relationships and could lead some to feel 
pressured to have children before they are ready.32,35

For both males and females, two or more fertility- 
related discussions were associated with interest in FSA. 
For some survivors, the information provided in the ini-
tial discussion may be overwhelming to process, mean-
ing the survivor may not become interested in FSA until 
a second or third fertility discussion. For other survivors 
who are interested in FSA, repeated fertility discussions 
during survivor clinic visits may be relevant. In our sur-
vivor clinic, fertility discussions are generally initially 
offered at age 18 years, offered again at the time of tran-
sition to adult healthcare (age 21 years), and offered/
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available at any other time if the patient has questions. 
Cancer survivors have previously expressed strong de-
sires for fertility- focused education and discussions after 
cancer treatment,24,29 and offering these discussions 
more than once has been helpful to survivors who are 
interested. Most pediatric cancer centers transition sur-
vivors to adult healthcare at some point during emerg-
ing adulthood, which can coincide with the time when 
survivors are most interested in pursuing FSA. Having 
repeated discussions prior to transition may help survi-
vors be aware of how to access reproductive health ser-
vices when desired.

Among males, being at high- risk for treatment- related 
infertility and the receipt of a fertility preservation con-
sult and/or fertility preservation procedure at the time 
of cancer diagnosis were associated with interest in FSA. 
Those at high risk for infertility may be aware of this risk 
and more motivated to determine if their cancer treat-
ment did indeed result in infertility. Treatment- related 
infertility risk was not associated with interest in FSA 
among females. Prior research demonstrates that females 
can have perceptions of infertility risk that are discordant 
from their treatment exposures and/or counseling.20 It is 
possible that females may be more motivated to pursue 
an FSA based on their desire for future pregnancy or par-
enthood, rather than their treatment- related risk factors. 
Further research is needed to explore decisional factors 
related to female survivors' pursuit of an FSA. Prior re-
ceipt of fertility consult, or participation in sperm bank-
ing, may set the stage for survivors to be familiar with 
reproductive health services and the semen analysis pro-
cess. Previous research among adult men who banked 
sperm at the time of cancer diagnosis has found that 
perceived intensity of treatment and experiences with 
sperm banking were related to semen analysis monitor-
ing after cancer treatment.28 Although not statistically 
significant, having public insurance or no insurance was 
associated with lower odds of interest in FSA among fe-
males. Healthcare structural barriers, including the role 
of insurance coverage, perceived costs, and knowledge 
and comfort in navigating reproductive health clinics are 
important areas for future study.

4.1 | Limitations

While this study presents important findings related to 
interest in FSA among YASCC, there are limitations that 
need to be considered. The data from this study were ob-
tained from a single site, through chart review of health-
care provider documentation of fertility discussions. It is 
possible that some survivors received an FSA that was not 
documented in our medical records. Similarly, survivors' 

worry about future infertility and interest in FSA may 
differ if assessed via self- report, compared with the pro-
vider's documentation of their discussion. As these data 
stem from clinical discussions, we recognize that there 
may be heterogeneity in how rigorously these outcomes 
were assessed and documented, with potential variations 
by the practitioner, which may have led to reporting bias. 
Worry was dichotomized for this analysis, which does 
not reflect the range of worry among YASCC. Most survi-
vors in our sample had hormonal laboratory evaluations 
at some point after cancer treatment and it is possible 
that those results affected the FSA completion rates. The 
sample included an underrepresentation of survivors of 
leukemia and an overrepresentation of survivors of lym-
phoma, which may have impacted the findings regarding 
interest in FSA. Survivors of brain tumors were excluded 
from this study. We excluded survivors who did not re-
ceive gonadotoxic treatment, however, prior research has 
demonstrated that survivors may worry about their fertil-
ity status irrespective of their treatment exposures.20 Prior 
research at our institution found 70% of eligible patients 
successfully transition from active treatment clinic to our 
survivor clinic38 and nearly 90% of our established survi-
vors return to our survivorship clinic for annual care,39 
however, some survivors may not attend survivor clinic, 
or may be lost to follow- up, and therefore not receive a 
fertility- focused discussion at 18 years of age. Finally, we 
excluded survivors who initiated a fertility discussion/
FSA while they were minor, which involved a more di-
rect level of parental input and consent than those who 
began these discussions during emerging adulthood. The 
strengths of this study include a diverse sample of sur-
vivors from racial and ethnic minority groups and those 
with public insurance.

Future research in this area is warranted to explore the 
predictive validity of interest in FSA in relation to FSA 
completion. As reproductive health has become a focus 
of cancer survivorship care, there is a need to develop 
interventions to assist survivors in accessing reproduc-
tive health services to optimize options for parenthood. 
Within the context of emerging adulthood, survivors 
are experiencing changes and transitions in healthcare, 
school, work, and family life. This is a time period with the 
potential for high reproductive health needs, and develop-
mentally appropriate interventions are needed to support 
survivors' decisions to pursue FSA.

In conclusion, this study highlights an important 
discrepancy in reproductive healthcare among YASCC. 
Most survivors are worried about future infertility and 
half report interest in FSA, yet few have received an FSA. 
Future research is needed to explore barriers to access-
ing reproductive health services and decision- making 
related to FSA. Counseling survivors regarding their risk 
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for infertility and providing referrals for FSA may benefit 
survivors in emerging adulthood.
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