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Abstract

Objective: To examine patient and parent understanding of infertility risk (relative to
oncologists’ risk ratings) among adolescents newly diagnosed with cancer, and to identify
background factors related to inaccurate reporting/estimating.

Methods: Male patients (A=137; aged 13-21) and their parents completed self-report
questionnaires. Those who reported a fertility-related conversation with their provider (A=102
adolescents, N=74 parents), reported'their infertility risk (i.e., what oncologist had communicated)
and all participants estimated'risk (i.e., personal belief). Reports/estimates were compared to
oncologists’ ratings to assess relative accuracy, and regression analyses assessed potentially related
background factors.

Results: Participants’ agreement of their risk reports with the oncologist was poor (kappa=.
079/.122 for adolescents/parents), resulting in most adolescents (59.8%) and parents (58.7%)
inaccurately reporting risk. Older adolescents were less likely to over-report risk (OR=0.69;
95%CI [0.49-0.97]) and parents of sons with the highest Tanner stage were less likely to under-
report (OR=0.28; 95%CI [0.08-0.92]). Risk estimates were also in poor agreement with
oncologists’ ratings among adolescents (kappa=.040) and parents (kappa=.088). Accordingly,
incongruent estimates occurred in most adolescents (63.7%) and parents (62.2%), although all
reported fertility-related conversations with their providers.

Conclusions: Most adolescents and parents inaccurately reported infertility risk, and more
poorly estimated'risk. Research is needed to identify additional factors associated with accurate
understanding of cancer-related infertility risk. Providers should be supported with user-friendly
educational tools to promote awareness of infertility risk.
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Background

With increasing survival rates among youth diagnosed with cancer, more attention has
focused on physical late effects among long-term survivors. One commonly reported late
effect is impaired fertility, especially among survivors treated with alkylating agents and
pelvic/cranial radiation.(!) Therefore, fertility preservation prior to treatment initiation has
been emphasized, but it remains underutilized in the pediatric setting.(23) This
underutilization may be due to the attitudes, knowledge, and beliefs of families and
providers, as well as due to time, institutional, and/or financial constraints.(34) However, if
fertility preservation can be offered, utilization may largely be influenced by whether
patients and parents accurately understand providers’ communication about infertility risk or
personal beliefs, which could affect decision-making regarding preservation and treatment.

Previous studies indicate that a cancer diagnosis during childhood/adolescence can be
stressful for the entire family.(®) Therefore, handling extensive medical information and
anticipating future health problems may be outside the scope of what patients and parents
can fully process at the time of diagnosis. Studies among families of survivors of childhood
cancer indicate that parents felt unprepared for various late effects(®.7) and desired more
information from providers.(® Studies on awareness around infertility as a potential late
effect are scarce, and to what extent parents and patients accurately understand risk is
unclear. It was indicated that at diagnosis (i.e., when preservation decisions need to be
made), future fertility may be a less relevant concern among patients and/or parents,(®-11) as
treatment initiation/cure is prioritized. Nevertheless, many patients desire having children in
the future(!2) and rate it as an important life goal.(32) Over time, survivors may adopt an
attitude of wait-and-see regarding their fertility,(9:13) although many also actively worry
about infertility.(14-19) Importantly, research has shown survivors value both fertility-related
information at diagnosis and the opportunity of choosing to engage in fertility preservation,
regardless of their decision.(29) Concurrently, long-term survivors who did not have, or do
not remember such conversations with their providers, report regret in hindsight(?1) and
increased worry, which may affect overall well-being.(22)

This study examined adolescents’ and parents’ infertility risk perceptions relative to risk
reports of their attending oncologist at the time of diagnosis. Two different aspects were
assessed: (1) adolescent- and parent-report of what their oncologist communicated about
treatment-related infertility risk (i.e., risk reporting) and (2) adolescents’ and parents’
personal beliefs of what their (son’s) infertility risk is, irrespective of what they were told
(i.e., risk estimates). 1t was further tested whether accurate understanding was associated
with sociodemographic and medical factors. Therefore, this study may offer valuable targets
of intervention for increasing understanding of infertility risk among families with
adolescent sons newly diagnosed with cancer.

Psychooncology. Author manuscript; available in PMC 2019 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Lehmann et al.

Methods

Procedure

Participants

Measures

Page 3

Cancer patients treated at eight pediatric oncology centers in the US and Canada were
eligible if they were: a) male, b) newly diagnosed with cancer for the first time, ¢) aged 13-
21 years, d) at Tanner Stage =3, e) proficient in English or Spanish, f) cognitively able to
complete questionnaires, and g) identified by their oncologist as being at increased risk for
infertility due to impending gonadotoxic treatment. Newly admitted patients were screened
for initial eligibility (criteria a-f). If these criteria were met, the patient’s attending
oncologist was contacted to rate the patients’ infertility risk (none, low, moderate, or high).
Those patients identified as being at increased risk for infertility (i.e., >none) were
approached for study enrollment. Once a patient consented/assented, his parent(s) was also
invited for participation. Study questionnaires were typically administered within 1-7 days
post initiation of treatment, and thus close to when fertility-related discussions/decisions
about fertility preservation occurred. All procedures followed the ethical standards of the US
Federal Policy for the Protection of Human Subjects and were approved by the IRBs at all
sites (SJCRH#Pro00001628). Data presented here are part of a larger study about sperm
cryopreservation among adolescent cancer patients.(23)

A total of 193 adolescent males were eligible, of whom 156 (80.8%) provided written
consent/assent for this study, and 137 returned questionnaires with complete data relevant
here. Most participants (7=102; 74.5%) indicated that their provider had talked to them
about fertility, and they were the focus of this study. These 102 males were ages 13-21
(M=16.6; SD=2.1), primarily White (68.6%), Christian (79.4%), at Tanner stage 5 (62.7%),
and were diagnosed with leukemia/lymphoma (55.9%) or brain/solid tumors (44.1%; only 5
patients had a brain tumor; Table 1). Note that these patient demographics did not differ
from males (7=35) who did not recall fertility-related conversations.

The 102 adolescents had 86 parents who also participated. The majority of these parents
(m=81, 94.1%) indicated that their provider had discussed their sons’ future fertility with
them, and 74 provided complete data, including 44 mothers only, 12 fathers only, 17 cases
where both parents completed the study, and one case where both parents jointly
participated. If both parents participated (i.e., 7/=17), mother-report was used for categorical
data and a parent aggregate for continuous data. This procedure has been used previously
based on sensitivity analyses(?3) and the fact that most participating parents were mothers.
Parents were between the ages of 32-57 (M=44.6; SD=5.7), predominantly White (73.0%),
Christian (90.5%), married (67.6%), and had less than a bachelor’s degree (52.7%; Table 1).
Parents included in primary data analyses (/7=74) did not differ from parents (#7=12) who did
not recall fertility-related conversations.

Attending oncologists rated patients’ risk for infertility as low, moderate, or high (as part of
initial study eligibility), referred to as oncologist rating. Adolescents and parents were asked
to report their (son’s) infertility risk based on what they perceived their provider told them
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(i.e., none, low, moderate, high risk); referred to as adolescent/parent risk report (i.e., “What
has the medical team told you about your [son’s] chances for developing fertility problems
due to cancer treatment?”). Similarly, adolescents and parents were asked to estimate their
(son’s) infertility risk, regardless of what they have been told; referred to as adolescent/
parent risk estimate (i.e., “Regardless of what you’ve been told, what do you think your
[son’s] chances are for developing fertility problems after cancer treatment?”). Additionally,
patients and parents were queried as to whether they had fertility-related conversations with
each other (i.e., “Have you talked with your [parent(s)/son] about [your/his] chances for
fertility problems based on cancer treatment?” yes/no).

Adolescents were further asked to rank whether having children in the future would be a
priority in their lives (coded as included in top 3 life priorities vs. not). All participants rated
their level of anxiety during the previous week (i.e., when diagnosis and fertility-related
discussions occurred) using the anxiety subscale of the Symptom Checklist 90-R.(24) This
subscale contains 10 items, and participants’ responses were transformed into standardized
age- and sex-specific T-scores (Table 1).

Statistical Analyses

Accuracy of infertility risk reports (i.e., agreement between adolescent-/parent-report and
oncologist rating) was tested using Cohen’s Kappa (x), as it adjusts for agreement by
chance.(?%) Based on the distribution of responses, adolescents and parents were grouped
into under-, over-, or accurately reporting the patient’s risk for infertility relative to their
oncologist. We further checked whether under-/over-/accurate reporting were clustered
within families using Kappa. Coefficients <.20 were considered poor agreement, .20-.40
fair, .40-.60 moderate, and coefficients >.60 substantial.(26)

Factors potentially related to (in)accurate reporting were tested in two separate logistic
regression analyses, using over- or under-reporting (relative to accurate) as dependent
variables among adolescents and parents separately. Regressions utilized backward
conditional selection of the following variables among adolescents: age (continuous),
religion (Christian vs. other), Tanner stage (stage 5 vs. <5), diagnosis (leukemia/lymphoma
vs. solid/brain tumor), recalling fertility-related conversations with parents (yes/no), anxiety
(continuous), and having children as top 3 life priority (yes/no). Tested factors among
parents included age, education (lower than bachelor’s degree vs. bachelor or higher),
religion, recalling fertility-related conversations with son, anxiety, adolescent Tanner stage
and age (as proxies for son’s development), and diagnosis.

The same analyses were conducted for infertility risk estimates. Thus, testing adolescents’
and parents’ estimates against the oncologists’ rating, testing whether estimates clustered
within families, and running regression analyses as specified above.

Finally, agreement between risk reportsand estimates was examined using kappa among
adolescents and parents respectively.
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Results

Infertility Risk Reporting

Oncologists rated many adolescents (/7=42/102; 41.2%) at moderate risk for future infertility.
Similarly, half of adolescents (/7=51/102; 50.0%) and most parents (/7=44/74; 59.7%)
reported their oncologist had categorized their risk as moderate (Figure 1&2). Nevertheless,
agreement between adolescent and oncologist risk report was poor (Kappa (x)=.079, t=.
235), and most adolescents (7=61; 59.8%) reported their risk inaccurately (i.e., 43.1%
under-reported, 16.7% over-reported; Table 2). Parents also had poor agreement with the
oncologists (x=.122, p=.104), with the majority (17=43; 58.1%) reporting risk inaccurately
(i.e., 35.1% under-reported, 23.0% over-reported; Table 2). Agreement within families was
moderate (x=.578, p<.001), with 73.0% of adolescent-parent dyads (/7=54/74) falling into
the same category of under-/over-/accurate reporting. Given these findings, we further tested
whether accurate reporting was related to sperm banking attempts. It was indicated that,
irrespective of whether adolescents (or parents) under-/over-/or accurately reported risk, they
were equally likely to attempt sperm banking (Fisher’s exact test=0.185/ ;(2:3.322, p=.190
[adolescents], Fisher’s exact test=0.555/ /1/2:1.370, p=.504 [parents]; note that although
Fisher’s exact test accounts for small cell frequencies, the smallest cell included only 7=3).
For more details regarding sperm banking outcomes, please see a previously published
manuscript.(23)

Logistic regression analyses revealed that among adolescents, only age was associated with
inaccurate risk reporting. Older adolescents were less likely to over-report infertility risk
relative to younger adolescents (OR=0.69, 95%CI [0.49-0.97], p=.031). Among parents,
those with a son at Tanner stage 5 were less likely to under-report risk relative to those with
a son at lower Tanner stages (OR=0.28, 95%CI [0.08-0.92], p=.036). All other tested factors
were unrelated to risk reporting.

Infertility Risk Estimation

Among all participants (who reportedly had fertility-related conversations with their
provider, but irrespective of what they have been told), a substantial portion of adolescents
(=48, 47.1%) estimated their infertility risk as low, while most parents (/7=38, 51.4%)
estimated moderate risk (Figure 1&2). Accordingly, agreement between oncologists’ rating
and adolescents’ estimate was poor (x=.040, p=.532), and most adolescents (/7=65; 63.7%)
incongruently estimated risk (i.e., 51.0 % underestimated, 12.7% overestimated; Table 2).
Similarly, agreement between parents’ risk estimates and the oncologists’ rating was poor
(x=.088, p=.230), as most parents (/7=46; 62.2%) underestimated (39.2%) or overestimated
risk (23.0%; Table 2). Estimates clustered only moderately within families (x=.400, p<.001),
with 62.2% of adolescent-parent dyads falling into the same estimate categories. Congruent
risk estimates were unrelated to sperm banking attempts, but again some of the cells were
small (Fisher’s exact test=0.431/ 12:1.702, p=.427 [adolescents]; Fisher’s exact test=0.944/
¥?=0.200, p=.905 [parents]).

Logistic regressions analyses yielded no significant results, but two trends were identified.
Among adolescents, those who listed having future children as a priority were less likely to
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overestimate infertility risk (OR=0.21, 95%CI [0.04-1.12], p=.068). Among parents, those
that had older sons were less likely to overestimate relative to those with younger sons
(OR=0.68, 95%CI [0.45-1.02], p=.065). All other included factors were unrelated to risk
estimates.

Note that adolescents who reportedly did not have fertility-related conversations with
providers (17=35; see Methods) were not able to report (what their oncologist had conveyed),
but estimated their infertility risk. Their estimates were in poor agreement with oncologists
(x=.174, p=.111; 54.3% incongruent: 42.9% underestimated; 11.4% overestimated), which
was just as poor as the estimates of the 102 adolescents presented above ( )(2:0.988, p=.610).
Likewise, parents from the larger study who did not recall conversations with their providers
(rm=21), poorly estimated risk (x=.032, p=.813; 61.9% incongruent: 47.6% underestimated;
14.3% overestimated), which was comparable to the 74 parents presented above ( )(2:0.870,

p=.647).

Risk Report versus Estimates

Adolescents’ risk reportand estimates were rather strongly correlated (o=.701; p<.001). The
majority of adolescents (/7=77; 75.5%) endorsed the same category when reporting and
estimating potential infertility risk. However, 19.6% (/7=20) estimated their risk lower than
they had reported (based on provider communication), while 4.9% (/=5) estimated their risk
higher than they initially reported. Similarly, parents’ risk reports and estimates were
moderately to strongly related (p=.659, p<.001). Most parents (/7=55; 74.3%) reported and
estimatedthe same risk categories, while 16.2% (7=12) estimated lower and 9.5% (/7=7)
higher risk than they had reported.

Conclusions

This study examined infertility risk reporting and estimates among families of adolescent
males newly diagnosed with cancer within days of receiving fertility-related information,
rather than retrospectively assessing risk understanding months or years after diagnosis.
Accurate risk reporting and congruent estimates were rare, and few factors associated with
inaccuracies were identified.

Numerous adolescents and parents under-reported and underestimated'risk, which could
result in distress following treatment if survivors discover they are infertile. It may also
cause regret or resentment in hindsight if, for example, risk had been underestimated and
families opted against fertility preservation. In contrast, ~17% of adolescents and 23% of
parents over-reported and/or overestimated'risk, which can also significantly affect
survivors’ well-being (e.g., unnecessary worry/concern, or unplanned pregnancies if
incorrectly assuming to be /rfertile). Thus, there should be a general focus on accurate
understanding among families of youth with cancer to prevent both inflating and
downplaying potential fertility problems. Importantly, if family members are not in
agreement about risk, it could also hinder communication within families about fertility-
related decisions/preservation.
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It is of particular concern that risk reporting was in poor agreement with oncologists, while
risk estimates were even more discrepant. Although most participants reported and estimated
the same risk categories, up to 20% of adolescents estimated a lower risk than they had
initially reported based on provider communication. Additionally, it is of greater concern
that the 102 adolescents and 74 parents who recalled fertility-related conversations with their
oncologist were just as likely to incongruently estimate risk as those who did not report such
conversations. Several adolescents and parents also reported ‘no’ risk (although all were at
increased risk per oncologists’ ratings), which doubled among adolescents and increased 5-
fold among parents when estimating risk (Figure 1&2). All of these findings indicate that
there are barriers to receiving accurate information, potentially including disbelief/distrust in
providers’ risk assessment, difficulties processing information at the distressing time of
diagnosis, a focus on other aspects of diagnosis/treatment, and/or a need for families to
remain hopeful while undergoing treatment. Research among adults has, for example, shown
that trust in primary care physicians increases over time,(2) and as adolescents in this study
were newly diagnosed, such basis of trust may not have been developed yet. At the same
time, pediatric providers’ communication and attitudes are vital. For example, providers’
concerns about families’ reactions(?®) and their own comfort surrounding fertility-related
issues(® influence their communication about infertility risk and fertility preservation with
families. Therefore, providers should receive training and have specific guidelines about
effective communication of such delicate topics. They should further be supported by
multidisciplinary teams and supplementary educational materials (e.g., pamphlets, online
resources), and have the opportunity for follow-up visits to repeatedly discuss infertility risk
across the cancer continuum (see also Clinical Implications below). Additionally, it should
be highlighted that anticipating future fertility in and of itself is difficult for providers, as
cancer treatment is complex and various factors (including unexpected intensification of
treatment plans) affect fertility outcomes long-term. However, creating awareness among
families and emphasizing that it is impossible to predict future fertility with absolute
certainty may help families to understand that fertility preservation is generally
recommended and that they should consider fertility testing as part of survivorship care in
the future.

Given the high frequency of inaccurate understanding, additional analyses were performed
and indicated that accurate risk reports/estimates were not significantly related to sperm
banking attempts, but replications in larger studies are needed. Nevertheless, this finding
challenges a common view that accurate understanding of infertility risk may lead to greater
initiation of fertility preservation. Previous research has found that provider referrals and
recommendations can significantly increase participation in fertility preservation.(3:23)
However, these previous and current findings combined beg the question as to whether
families may opt for a procedure they do not regard as necessary or do not fully understand.
While undergoing fertility preservation may not be a disadvantage for patients even if they
do not desire biological children in the future, accurate understanding of risk may be
important when survivors grow older to fully grasp the potential consequences of their
cancer treatment more generally. Furthermore, this null finding aligns with previous research
which found that families worry about potential infertility irrespective of treatment-related
risk.(29) This study also highlighted that most parents (70%) were dissatisfied with the
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amount of fertility-related information they received. Thus, it remains important to
determine factors that influence families’ understanding and decision-making in the fertility-
preservation process.

In this study, few factors related to inaccurate reporting among families were identified,
perhaps partly due to small subgroups (e.g., over- vs. accurate reporting). Nevertheless, older
adolescents more accurately reported risk (i.e., less likely to over-report). This accuracy may
be due to their ability to better comprehend fertility-related information, while also holding
greater awareness/forethought of sexuality, fertility, and/or family planning, relative to
young adolescents. Similarly, parents who had sons with a high Tanner stage were less likely
to under-report risk (OR=0.28). Thus, general adolescent maturation may be a relevant
factor for parents to accurately realize/consider their sons’ future fertility. Importantly, none
of the adolescents in the larger study sample were under Tanner Stage 3, a developmental
level appropriate for risk-related conversations/offering fertility preservation.(30.31)
Nevertheless, many additional factors likely exist, given that families’ risk estimates aligned
even less with the oncologist’s rating than reporting (and given that participants who
recalled fertility-related conversations did not estimate risk better than participants who did
not report such conversations). Factors related to estimates could not be identified, but a
trend indicated that a priority of having future children may compel adolescents to be more
attentive to infertility risk. However, more research is needed to examine what factors are
related to discrepancies of families’ understanding of risk relative to providers.

Study Limitations

Although this study offers novel insights into families” reports of anticipated infertility risk,
certain limitations have to be considered. Potentially relevant factors for (in)accurate
understanding may have been overlooked due to limited sample size, while other factors not
included in this study need to be considered (e.g., trust, family-provider relationship,
provider communication, families’ health literacy, personality). Given the focus of the larger
project on adolescent sperm banking, the presented analyses excluded female patients and
conclusions for the adolescent cancer population as a whole cannot be drawn. Nevertheless,
assessment of families’ reports and estimates occurred in ‘real-time’ rather than
retrospectively assessing understanding years after diagnosis, offering valid insights into
families’ understanding of infertility as a potential late effect at cancer treatment initiation.
In this light, our findings raise concern that if understanding is already poor at diagnosis, it
may continue to decline over time. However, the study setting did not allow to control and
assess oncologists’ conversations/communicated risk with families. Concerns about
providers’ ambiguous communication regarding potential infertility have been voiced by
survivors previously,(32) but more research is needed.

Clinical Implications

Improving physician-family communication is warranted. For example, facilitating and
supporting providers with appropriate training, specific guidelines, and additional resources
(e.g., educational pamphlets, online resources, fertility specialists available for referral, etc.)
could be helpful. Currently, guidelines recommend fertility preservation and timely
conversations with families/patients with cancer,9 but little guidance is provided regarding
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the specific content and delivery of such conversations, especially for youth with cancer.(33)
Meanwhile, one easily implementable communication technique may be the “teach-back
method”(4) (e.g., could you summarize the information | just reviewed with you?), which
would allow for provider confirmation of families” understanding and give providers the
opportunity to clarify potential misunderstandings/misperceptions immediately. Tailored
communication about potential late effects has indeed been found to increase awareness
among survivors.(3%) Additionally, providing families with written documentation regarding
their infertility risk could be beneficial, both for recall among patients/parents, as well as
documentation in the medical charts to ensure that interdisciplinary team members (e.g.,
nurses, psychologists, and/or other staff) could be utilized to reinforce physicians’ messages
and help facilitate the fertility preservation process, if desired.

More clinical and research attention is needed to examine factors relevant to the
understanding of fertility-related late effects and how it relates to fertility preservation
decision-making among youth with cancer and their families.
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Figure 1:

Infertility risk reporting and estimates among 102 adolescents and the corresponding
oncologist rating
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Table 1:
Description of the adolescent and parent sample
Adolescents Parents
(N=102) (N=74)
Race?
White 70 (68.6%) 54 (73.0%)
Other 32 (31.4%) 20 (27.0%)

ReIigiousOrientationa
Christian
Other

Parent Marital Status
Married
Other

Parent Education?
Less than Bachelor’s degree

Bachelor’s degree or higher

Patient Tanner Stagea
Stage 3-4
Stage 5

Patient Diagnosis
Leukemia/lymphoma
Solid/brain tumors

Children asLifePriority:
Endorsed

Not endorse

Age
Anxiety (T-score)

81 (79.4%)
19 (18.6%)

33 (32.4%)
64 (62.7%)

57 (55.9%)
45 (44.1%)

35 (34.3%)
67 (65.7%)
M (SD), range
16.6 (2.1), 13-21
56.3 (14.0), 40-81

67 (90.5%)
7 (9.5%)

50 (67.6%)
24 (32.4%)

39 (52.7%)
34 (45.9%)

26 (35.1%)
45 (60.8%)

37 (50.0%)
37 (50.0%)

M (SD), range
44.6 (5.7), 32-57
62.4 (12.1), 37-81

acategories do not add to 100% due to missing data
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Table 2:

Accuracy of risk reporting and risk estimates among adolescents and parents (relative to attending oncologist,
as depicted in Figure 1&2)

Adolescents Parents

Agreement with oncologist N=102 N=74
Reporting:
Under-reporting risk 44 (43.1%) 26 (35.1%)
Accurately reporting risk 41 (40.2%) 31 (41.9%)
Over-reporting risk 17 (16.7%) 17 (23.0%)
Estimate:
Underestimating risk 52 (51.0%) 29 (39.2%)
Congruent risk estimation 37 (36.3%) 28 (37.8%)
Overestimating risk 13 (12.7%) 17 (23.0%)

*

analyses among mothers and fathers separately showed similarly poor agreement (x=.107-.295); 56.6% of mothers and 46.7% of fathers
inaccurately reported'risk, while 61.0% and 60.0% incongruently estimated'risk respectively; agreement between mothers and fathers was not
tested as only 17 mother-father dyads participated
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