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Abstract

Background: This study estimates the prevalence and identifies predictors of psychoactive medication use in adolescent
survivors of childhood cancer (aged 12-18 years) and its associations with functional outcomes at young adulthood (aged
18-28years). Methods: This retrospective cohort study includes 5665 adolescent survivors of childhood cancer at no less than
5years postdiagnosis (53.8% male, median age = 15 years, interquartile range [IQR] = 13-16 years) and 921 adolescent sibling
controls. Parent-reported psychoactive medication use during adolescence was collected at baseline. After a median of
8years, functional outcomes and social attainment were self-reported during adulthood (n =3114, median age = 22 years, IQR
= 20-24 years). Multivariable log-binomial models evaluated associations among risk factors, medication use, and adult out-
comes. Results: Higher prevalence of psychoactive medication use was reported in survivors compared with siblings (18.3%
Vs 6.6%; 2-sided P < .001), with trends for increasing antidepressant and stimulant use in recent treatment eras. After
adjusting for cancer treatment and baseline cognitive problems, psychoactive medication use during adolescence was
associated with impaired task efficiency (relative risk [RR] =1.20, 95% confidence interval [CI] = 1.01 to 1.43) and memory
(RR=1.27,95% CI=1.05 to 1.52) during adulthood. Survivors who reported continued use of medications from adolescence to
adulthood demonstrated poorer emotional regulation (RR = 1.68, 95% CI =1.24 to 2.27) and organization (RR=1.82, 95%
CI=1.28 to 2.59) compared with nonusers. Adolescent opioid use was associated with somatization symptoms (RR=1.72, 95%
CI=1.09 to 2.73) during adulthood, after adjusting for cancer treatment and baseline behavioral problems. They were also
more likely to not complete college (RR=1.21, 95% CI=1.04 to 1.41) or work full-time (RR = 1.60, 95% CI =1.23 to 2.08) com-
pared with nonusers. Conclusion: Use of psychoactive medication is more prevalent among adolescent survivors compared
with siblings and does not normalize adult outcomes, as evidenced by poorer functional outcomes during young adulthood.

Modern treatment approaches for childhood cancer have in-
creased survival rates (1). However, this comes with a recog-
nized risk for late effects from cancer and anticancer therapies
(2,3). Long-term survivors are at risk for cancer- and treatment-
related symptoms, such as sleep disturbances, fatigue, neuro-
cognitive deficits, and chronic pain (4,5), which can lead to
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poorer health-related quality of life and reduced functional in-
dependence in long-term survivors.

In survivors, as in the general population, many of these dis-
tressing symptoms are treated pharmacologically. We previ-
ously reported that adult survivors of childhood cancer who
were older than 18years of age were up to 60% more likely to
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report the use of opioid analgesics, nonopioid analgesics, and
anxiolytics, as compared with healthy sibling controls (6). The
use of psychoactive medications was also concurrently associ-
ated with worse neurocognitive function in task efficiency and
memory (7), as well as poorer social functioning and vitality (6).

Evidence on prevalence and predictors of psychoactive med-
ication use in adolescent survivors of childhood cancer is lack-
ing. In the United States, approximately 6% of adolescents aged
12 to 19years are reported to have used psychotropic
medications for the treatment of attention deficit hyperactivity
disorder, insomnia, depression, and other mental health condi-
tions between 2005 and 2010 (8). Adolescent survivors are at in-
creased risk of developing emotional, behavioral, cognitive, and
social problems (9-11), raising the question of whether there is
more prevalent use of psychoactive medications among survi-
vors. Further, little is known about the impact of psychoactive
medication use in adolescence on long-term outcomes such as
health status, educational attainment, and employment in later
life. Given the unique neurodevelopmental processes taking
place during adolescence, it is important to evaluate whether
administration of psychoactive medications early in life can
normalize mood and behavior problems in these survivors dur-
ing adulthood.

Methods

Study Population

The Childhood Cancer Survivor Study (CCSS) is a multi-
institutional retrospective cohort of 5-year survivors of child-
hood cancer (12,13). Eligibility criteria for the CCSS include 1) a
diagnosis of cancer prior to 21years of age between 1970 and
1999 and 2) survival to at least 5years postdiagnosis. Multiple
cancer diagnoses were included. Institutional review boards at
the 31 participating institutions approved the CCSS study proto-
col, and participants provided informed consent. At cohort en-
try, survivors identified a living sibling nearest to them in age. A
random sample of siblings were contacted to participate (12,13).
With the exception of cancer-specific topics, information col-
lected from the sibling cohort is identical to that obtained on
the survivor population.

The study population for the current analyses included 5655
cancer survivors who were between 12 and 18 years old when their
parent or guardian completed the baseline survey upon entry to
the CCSS cohort (Supplementary Figure 1, available online). There
were 921 adolescent siblings who served as a comparison group
(see Table 1). The impact of psychoactive medication use on future
functional outcomes was examined in 3114 of the survivors who
were adults (18 to 28years old) and provided functional outcomes
data in a follow-up survey 8 years later (interquartile
range [IQR]="7-9years). A subset of adult survivors (n=585) who
were older than 25years of age during follow-up provided data on
their social attainment outcomes (highest education attainment
and employment status). Differences in characteristics and psy-
choactive medication use during adolescence were compared be-
tween survivors with adult follow-up vs survivors who did not
complete follow-up (Supplementary Table 1, available online).

Psychoactive Medications

Psychoactive medication use at baseline was the primary study
outcome. Participants’ parents reported drugs prescribed by a
physician and dispensed by a pharmacist that were taken

consistently by the adolescent survivor for more than 1 month
during the previous 2 years. Medications were classified using
the American Hospital Formulary Service Drug Information
database (14), consistent with previous publications (6,7). Eight
therapeutic drug categories that include psychoactive proper-
ties were identified: antidepressants; anxiolytics, sedatives, or
hypnotics; anticonvulsants; nonopioid analgesics; opioids; mus-
cle relaxants; neuroleptics; and stimulants (Supplementary Box
1, available online).

Predictors and Covariates

Demographic and socioeconomic variables for adolescent survi-
vors were provided by the survivor’s parent or guardian at the
baseline survey and included sex, age at the time of survey
completion, race and/or ethnicity, health insurance, and house-
hold income. Information on original cancer diagnosis and can-
cer treatment exposures were abstracted from medical records
of treating institutions. The maximum radiation dose to 4 body
regions (brain, chest, abdomen, and pelvis) was determined
based on detailed review of radiation therapy records. The radi-
ation dose was defined as the maximum prescribed dose within
each region, which is taken as the total prescribed dose from all
overlapping fields within the treated region. Neurologic varia-
bles included history of headache, presence and severity of
bodily pain, and history of stroke or seizure.

Adolescent survivors’ behavioral and cognitive function at
baseline were proxy rated using the Behavior Problem Index, a
standardized questionnaire that has been normed on a large
nationally representative sample (15). It consists of 5 symptom
domains: depression and/or anxiety, headstrong behavior, at-
tention deficit, peer conflict and/or social withdrawal, and anti-
social behavior. Impairment within each domain was defined
as a score equivalent to the top 10th percentile of the sibling
group. Academic problems were defined as previous enrollment
into a learning disabled or special education program.

Young Adulthood Outcomes

All functional outcomes at adulthood were self-reported by sur-
vivors at follow-up surveys. Neurocognitive outcomes were
measured using the Childhood Cancer Survivor Study -
Neurocognitive Questionnaire (CCSS-NCQ), a 25-item instru-
ment developed and previously validated in the CCSS survivor
and sibling population (16). It consists of 4 domains: task effi-
ciency, emotional regulation, organization, and memory. A
higher score is indicative of more problems. Neurocognitive im-
pairment was defined as a score falling in the top 10th percen-
tile of the sibling normative reference for each domain.
Emotional distress was measured by the Brief-Symptom
Inventory-18, which included subscales for anxiety, depression,
and somatization (17). Sex-specific scores were calculated based
on standardized normative values, and scores falling in the top
10th percentile were classified as representing a clinical level of
acute distress on each subscale. Traumatic stress was assessed
by the Posttraumatic Stress Diagnostic Scale, a 17-item, self-
reported questionnaire to assess symptoms of posttraumatic
stress disorder (18). Ratings on items are summed to create 3
subscales: reexperiencing, avoidance, and arousal. Consistent
with previous CCSS studies (9,10), an overall positive endorse-
ment of posttraumatic stress disorder was defined by the report
of at least 1 reexperiencing symptom, at least 3 avoidance
symptoms, and at least 2 arousal symptoms. Health-related
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Table 1. Characteristics of adolescent survivors of childhood cancer and sibling comparison population®

Survivors with Survivors without
Siblings All survivors® psychoactive medication psychoactive medication
(n=921) (n=5665) (n=1037) (n=4628)
Clinical characteristics No. (%) No. (%) No. (%) No. (%)
Year of completion of baseline survey
1992-1999 782 (84.9) 4178 (66.2) 740 (64.7) 3438 (66.5)
2000-2009 32 (3.5) 421 (11.0) 102 (13.8) 319 (10.4)
2010-2015 107 (11.6) 1066 (22.8) 195 (21.5) 871 (23.1)
Sex
Male 488 (53.0) 3047 (54.1) 566 (55.3) 2481 (53.8)
Female 433 (47.0) 2618 (45.9) 471 (44.7) 2147 (46.2)
Race
White/non-Hispanic 763 (82.8) 4533 (79.9) 868 (83.6) 3665 (79.0)
Others 118 (12.8) 1017 (17.9) 153 (14.8) 864 (18.5)
Not specified 40 (4.3) 115 (2.3) 16 (1.6) 99 (2.4)
Age at assessment, y© 15 (12-16) 15 (13-16) 15 (13-16) 15 (13-16)
Health insurance
Yes 861 (93.5) 4714 (84.1) 793 (77.3) 3921 (85.6)
No 48(5.2) 316 (5.6) 54 (5.7) 262 (5.5)
Not specified 12 (1.3) 633 (10.3) 188 (17.0) 445 (8.8)
Household income
< $60 000 508 (55.2) 3311 (56.5) 637 (58.8) 2674 (56.0)
>$60 000 364 (39.5) 1995 (37.1) 340 (35.3) 1655 (37.5)
Not specified 49 (5.3) 359 (6.4) 60 (5.9) 299 (6.5)
History of epilepsy
No 906 (98.5) 5094 (90.6) 700 (68.2) 4394 (95.5)
Yes 14 (1.5) 551 (9.4) 332 (31.8) 219 (4.5)
History of migraine/headache
No 812 (88.3) 4380 (77.9) 648 (63.0) 3732 (81.2)
Yes 108 (11.7) 1269 (22.1) 385 (37.0) 884 (18.8)
Cancer-related pain
No — 4335 (86.1) 617 (73.9) 3718 (88.8)
Mild — 443 (8.8) 111 (13.8) 332(7.9)
Moderate — 186 (3.7) 71(7.9) 115 (2.5)
Severe — 72 (1.4) 35 (4.3) 37 (0.8)
Diagnosis
Leukemia — 2276 (40.2) 362 (41.0) 1914 (47.5)
Central nervous system tumor — 906 (16.0) 306 (26.7) 600 (11.6)
Hodgkin disease/non-Hodgkin lymphoma — 290 (5.1) 42 (3.7) 248 (4.8)
Wilms tumor — 838 (14.8) 109 (9.5) 729 (14.1)
Neuroblastoma — 930 (16.4) 145 (12.7) 785 (15.2)
Soft tissue sarcoma/osteosarcoma — 425 (7.5) 73 (6.4) 352 (6.8)
Age at diagnosis, y© — 2.8 (1.5-4.3) 2.8 (1.5-4.6) .7 (1.5-4.2)
Chemotherapy
Anthracycline — 1658 (43.6) 266 (39.2) 1392 (44.8)
Alkylating agent — 1961 (51.6) 353(52.1) 1608 (51.7)
IV Methotrexate (cumulative),? mg/m? — 7337 (81188.2) 3808 (32343.5) 8112 (88 353.1)
IT Methotrexate (cumulative),? mg/m? — 98 (144.0) 87 (138.6) 100 (145.1)
Anti-tumor antibiotic — 2138 (51.1) 351 (47.3) 1787 (51.9)
Corticosteroids — 2043 (48.8) 350 (47.2) 1693 (49.1)
Enzymes — 1657 (39.6) 263 (35.4) 1394 (40.5)
Epipodophyllotoxins — 530 (13.9) 97 (14.3) 433 (13.9)
Heavy metals — 360 (8.6) 95 (12.8) 265 (7.7)
Plant alkaloids — 3007 (71.8) 486 (65.5) 2521 (73.2)
Radiation
None — 3446 (66.9) 558 (61.1) 2889 (70.9)
Brain <20 Gy — 781 (15.2) 129 (13.4) 652 (14.8)
Brain 20-35 Gy — 330 (6.4) 61(6.8) 269 (6.0)
Brain >35 Gy — 591 (11.5) 196 (18.6) 395 (8.3)
Body only (chest, abdomen, pelvis) — 1447 (23.6) 287 (26.1) 1160 (23.0)

#Summary statistics was calculated on total number of participants for whom data was available and weighted to reflect modified sampling of survivors in expansion cohort. IV = in-
travenous; IT = intrathecal.

PGombination of both original and expansion cohorts.

“Presented as median (interquartile range).

dpresented as mean (SD). Intravenous and intrathecal methotrexate are known to be associated with dose-dependent neurotoxic late effects. Hence, subsequent analyses included
methotrexate cumulative doses as a continuous variable.
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quality of life was measured using the Medical Outcomes
Survey 36-Item Short Form Health Survey, which includes
8 domains: general health, role physical, physical function,
bodily pain, vitality, mental health, social function, and role
emotional (19). The 36-Item Short Form provides age and sex-
specific norms to generate T-scores. Impairment was defined as
T-score falling less than 40.

Social attainment information on survivors’ highest educa-
tion attainment (categorized as college graduate and above vs
below) and employment status (categorized as full-time em-
ployment vs others) were obtained, and analyses were con-
ducted on a subset of the cohort who were above the age of
25 years during follow-up.

Statistical Analysis

Descriptive analyses summarized the distribution of relevant
outcome variables, predictors, and covariates according to rea-
sonable groupings and consistent with previous CCSS manu-
scripts (6,7,12,20). Comparison of psychoactive medication use
between survivors and siblings at baseline was conducted us-
ing multivariable log-binomial models (generalized linear mod-
els with Poisson error and log-link function) adjusting for
potential confounders (sex, age, health insurance status, and
household income). Relative risk (RR) estimates and 95% confi-
dence intervals (CI) were reported and robust sandwich vari-
ance estimates accounted for intrafamily correlation between
survivors and siblings. A similar model that incorporated calen-
dar year was used to compare change in prevalence of psycho-
active medication use over time between survivors and siblings
by testing for interactions between time and survivor or sibling
status.

Among survivors, multivariable log-binomial models identi-
fied clinical and cancer treatment factors associated with psy-
choactive medication during adolescence. Multivariable log-
binomial models evaluated associations between psychoactive
medication use and adolescent survivors’ concurrent behavioral
and social functioning at baseline, adjusted for age at evalua-
tion, sex, race, and cancer treatment variables. These variables
were decided a priori because previous studies have demon-
strated their associations with either psychoactive medication
use or functioning outcomes in the general population or/and
cancer survivors (6-8,11).

Multivariable log-binomial models were also used to evalu-
ate the associations between psychoactive medication use dur-
ing adolescence and later functional outcomes in adulthood,
adjusted for variables shown to be associated with functional
outcomes (4,5,7,11) (age at evaluation, sex, race, cancer treat-
ment variables, behavior problems, and placement in special
education during adolescence), as well as variables that were
statistically significantly associated with psychoactive medica-
tion use during adolescence in the previous analysis. A similar
multivariable log-binomial model was conducted for testing the
associations between continued psychoactive medication use
from adolescence to adulthood and subsequent functional out-
comes in adulthood. All statistical estimates from the data, in-
cluding percentages, were calculated with sampling weights to
account for undersampling of survivors of acute lymphoblastic
leukemia diagnosed from 1987 to 1999. All analyses were con-
ducted in SAS (SAS 9.4, SAS Institute, Cary, NC). A P value of less
than .05 was considered statistically significant, and all tests
were 2-sided.

Results

Study Population Characteristics

Participants included 5665 adolescent survivors of childhood
cancer (53.8% male; median [IQR] age =2.7 [1.3-4.3] years at can-
cer diagnosis; median age =15 [13-16] years at baseline) and 921
siblings (53.0% male; age =15 [12-16] years at baseline) (Table 1).
The majority of the survivors were diagnosed with leukemia
(40.0%), central nervous system (CNS) malignancy (16.0%), and
neuroblastoma (16.4%). One-quarter of the survivors were
treated with cranial radiation (Table 1).

Prevalence of Psychoactive Medication Use

Compared to siblings, survivors were nearly three times more
likely to use any psychoactive medication (18.3% vs 6.6%,
RR=297, 95% CI=227 to 3.89; P < .001) (Figure 1;
Supplementary Table 2, available online). Survivors had higher
risk of using antidepressants (RR=2.64, 95% CI=1.42 to 4.92),
stimulants (RR =2.58, 95% CI = 1.50 to 4.45), and anticonvulsants
(RR=8.69, 95% CI=3.84 to 19.65) than siblings (Figure 1). The
use of both nonopioid (2.5% vs 0.9%; P = .002) and opioid (5.7%
vs 1.7%; P < .001) analgesics were also higher in survivors,
whereas neuroleptics and muscle relaxants were less prevalent
in both groups (Supplementary Table 2, available online).
Stratified analyses within diagnostic groups showed that, rela-
tive to siblings, the highest risk estimates for use of any psycho-
active medications were observed in CNS tumor survivors,
whereas higher use of antidepressants was observed in all sur-
vivors regardless of cancer diagnoses (Supplementary Figure 2,
available online).

The frequency of overall psychoactive medication use
among the adolescent sample remained relatively stable from
1992 to 2015, with the exception of a slight increase from 1992-
1999 to 2000-2009 eras (Supplementary Table 3, available on-
line). Within survivors, from the era 1992-1999 to 2010-2015, the
frequency of antidepressant use changed from 2.0% to 5.8%,
and stimulant use changed from 2.7% to 5.6% (Supplementary
Table 3, available online). However, the use of opioids dropped
from 7.1% to 1.6% over this same time.

Factors Associated With Psychoactive Medication
During Adolescence

Survivors of CNS malignancies were more likely than survivors
with solid and soft tissue tumors to use opioids (RR=1.44, 95%
CI=1.01 to 2.05) and anticonvulsants (RR=9.11, 95% CI=6.66 to
12.5) (Supplementary Table 4, available online). Moderate pain
was strongly associated with use of antidepressants (RR=2.55,
95% CI = 1.48 to 4.38), nonopioid (RR =3.53, 95% CI=2.08 to 5.99),
and opioid (RR=2.57, 95% CI=1.59 to 4.16) analgesics compared
with survivors without pain. Those who received more than
35Gy of cranial radiation were more likely than nonirradiated
survivors to use psychoactive medication (RR=1.96, 95%
CI=1.64 to 2.33), especially anticonvulsants (RR=5.36, 95%
CI=4.01to 7.18) and opioids (RR =1.64, 95% CI =1.09 to 2.48).

Adolescent survivors who used psychoactive medication
were more likely to have parent-reported cognitive and behav-
ioral problems (Table 2). These adolescents were also more
likely to have received special education services (RR=1.71, 95%
Cl=1.57 to 1.86).
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Figure 1. Relative risks of psychoactive medicine use at baseline comparing adolescent survivors of childhood cancer and siblings. Each dot and whisker represents the
relative risk (RR) estimate and 95% confidence interval (CI), respectively, on a logarithmic scale. Models are adjusted for age, sex, and race. Comparisons were not con-
ducted for anxiolytics, sedatives, and hypnotics; muscle relaxants; and neuroleptics because of limited sample size within both the survivor and sibling groups. The ex-
act proportion of survivors and siblings who reported psychoactive medication use and the relative risk (95% CI) estimates are presented in Supplementary Table 2

(available online).

Longitudinal Outcomes During Young Adulthood

From adolescence to young adulthood, 7.9% (n = 250) of the sur-
vivors were identified to be persistent users of psychoactive
medications, whereas 14.8% (n=479) were new-onset users,
and 8.3% (n=264) reported discontinuation of psychoactive
medications (Supplementary Table 5, available online). At
follow-up, approximately one-tenth of the survivors (10.7%)
were found to be new-onset users of antidepressants.

As compared with never-users, survivors who reported con-
tinued use of medications from adolescence to adulthood dem-
onstrated higher risk of developing emotional regulation
(RR=1.68, 95% CI=1.24 to 2.27) and organization (RR=1.82, 95%
CI=1.28 to 2.59) problems (Table 3). Overall, survivors who used
any psychoactive medication during adolescence were more
likely to report neurocognitive problems, after adjusting for age,
sex, race, cancer treatment exposures, and baseline cognitive
problems (Figure 2). Adolescent stimulant use was associated
with impairment on task efficiency (RR=1.20, 95% CI=1.01 to
1.43), memory (RR=1.27, 95% CI=1.05 to 1.52), emotional regu-
lation (RR=1.47, 95% CI=1.04 to 2.08), and organization
(RR =1.80, 95% CI = 1.30 to 2.49) (Table 3).

Although a statistically significant association between
overall psychoactive medication use at adolescence and long-
term emotional distress was not identified (Figure 2), opioid use
was associated with subsequent somatization symptoms
(RR=1.72, 95% CI=1.09 to 273) during adulthood
(Supplementary Table 6, available online).

After adjusting for age, sex, race, cancer treatment expo-
sures, and baseline behavioral problems during adolescence,
poorer health-related quality of life was identified in adult sur-
vivors who reported psychoactive medication use at adoles-
cence (Figure 2). Survivors taking opioids were 2.5 times more
likely to report reduced physical functioning (RR=2.47, 95%
CI=1.70 to 3.59), as well as poorer vitality (RR=1.70, 95%

CI=1.29 to 2.26) and more bodily pain (RR=1.99, 95% CI=1.44
to 2.74) (Supplementary Table 7, available online). Adolescent
stimulant users were almost twice as likely to report impaired
physical functioning (RR=1.86, 95% CI=1.18 to 2.96).
Antidepressants were statistically significantly associated with
poorer quality of life at adulthood, including physical role func-
tioning, general health, social functioning, and emotional role
functioning (Supplementary Table 7, available online).

Finally, social attainment outcomes were obtained from 585
survivors who were older than 25years of age during follow-up
(median age =25 [25-26] years at follow-up). At follow-up, 39.3%
of survivors had completed graduate education, and 67.2% were
employed full-time (Supplementary Table 8, available online).
After adjusting for age, sex, race, cancer treatment exposures,
and placement in special education, adolescent survivors who
used psychoactive medication were 20% more likely not to grad-
uate college than those who did not use psychoactive medica-
tion (RR=1.21, 95% CI=1.04 to 1.41) and 60% (RR=1.60, 95%
CI=1.23 to 2.08) more likely to not be working full-time. Those
who used antidepressants, stimulants, opioids, and anxiolytics
or sedatives were more likely to attain a lower education
(Supplementary Table 9, available online). Those who used anti-
convulsants and stimulants were twice as likely be working less
than full-time during adulthood (Supplementary Table 9, avail-
able online).

Discussion

Overall, 18% of survivors reported using at least 1 psychoactive
medication between 1992 and 2010, statistically significantly
higher than the 6% of siblings and the 6% estimated in the gen-
eral population (8). After adjusting for cancer treatment expo-
sures and baseline cognitive problems, psychoactive
medication use during adolescence was associated with poorer
self-reported functional outcomes at adulthood, including
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Table 3. Association between psychoactive medication use at adolescence and neurocognitive function at adulthood

Task efficiency?®
(n=2042)

Use of psychoactive medications RR (95% CI)

Emotional regulation® Organization?® Memory?
(n=2043) (n=2042) (n =2045)
RR (95% CI) RR (95% CI) RR (95% CI)

Pattern of psychoactive medication
use from adolescence to adulthood®

Nonusers
Persistent users
Former users
New-onset users

Any psychoactive medication use

1.00 (Referent)

1.51 (1.21 to 1.90)°
1.29 (1.01 to 1.65)°
1.69 (1.40 to 2.04)°
1.20 (1.01 to 1.43)¢

1.00 (Referent)
1.68 (1.24 t0 2.27)°
1.12 (0.82 to 1.54)
1.96 (1.60 to 2.39)¢
1.14 (0.91 to 1.44)

1.00 (Referent)
1.82 (1.28 to 2.59)°
1.27 (0.89 to 1.83)
1.63 (1.23 t0 2.16)°
1.36 (1.04 to 1.78)°

1.00 (Referent)

1.52 (1.18 to 1.96)°
1.35 (1.06 to 1.71)°
1.56 (1.28 to 1.90)°
1.27 (1.05 to 1.52)°

By categories

Antidepressants 0.99 (0.73 to 1.35)
Anxiolytics, sedatives, hypnotics 1.13 (0.61 to 2.07)
Anticonvulsants 1.33(1.07 to 1.65)¢
Nonopioid analgesics 1.00 (0.65 to 1.55)
Opioids 1.08 (0.84 to 1.40)
Muscle relaxants? 2.28 (1.13 to 4.60)°
Neuroleptics? 0.87 (0.42 to 1.76)
Stimulants 1.24 (0.95 to 1.61)

1.19
0.75
0.86
1.15
1.12
1.22
1.32
1.47

(0.82 t0 1.73) 1.16 (0.76 to 1.77) 1.07 (0.78 to 1.46)
(0.31t0 1.78) 2.08 (0.94 to 4.57) 1.62 (1.00 to 2.63)°
(0.57 to 1.31) 1.37 (0.89 to 2.11) 1.35 (1.04 to 1.74)°
(0.73 t0 1.82) 1.22 (0.69 to 2.16) 1.03 (0.65 to 1.63)
(0.79 to 1.58) 0.84 (0.47 to 1.50) 1.05 (0.76 to 1.43)
(0.35 to 4.27) 3.34 (1.29 to 8.64)° 1.30 (0.48 to 3.54)
(0.59 to 2.92) 1.28 (0.52 to 3.13) 1.25 (0.68 to 2.30)
(1.04 to 2.08)° 1.80 (1.30 to 2.49)° 1.19 (0.89 to 1.59)

#Neurocognitive impairment was defined as a score falling >90th percentile based on values obtained in the sibling cohort on the Childhood Cancer Survivor Study-
Neurocognitive Questionnaire. Relative risks (RR) and 95% confidence intervals (CI) from multivariable models are adjusted for age, sex, and race; intravenous and in-
trathecal methotrexate doses and cranial radiation dose; attention problems and placement in special education at adolescence.

"Nonusers were defined as survivors with no reported use of psychoactive medication at both adolescence and young adulthood. Persistent users were defined as survivors with
reported use of psychoactive medication at both adolescence and young adulthood. Former users were defined as survivors with reported use of psychoactive medication at ado-
lescence but did not report use at young adulthood. New-onset users were defined as survivors with no reported use of psychoactive medication at adolescence but reported use

at young adulthood.
“Denotes statistical significance (P < .05).

dCaution needed in interpreting results for muscle relaxants and neuroleptics because of the small sample size.

need for strategies to manage distress symptoms in survivors
early, before they develop into clinical conditions that require
pharmacological interventions. This is especially relevant in
subgroups of adolescent survivors of leukemia, CNS tumors, or
neuroblastoma and survivors treated with cranial radiation and
intrathecal methotrexate, who were found to be at increased
risk for adverse behavioral and social outcomes (11) .We have
also previously established the impact of cancer treatment on
emotional distress and neurocognitive function through the
mediating effects of chronic conditions (25,26). Therefore,
screening for late effects and mental health status in at-risk
subgroups may facilitate the early identification of distress
symptoms and timely intervention before symptoms become
chronic, functionally impairing, and requiring pharmacological
interventions. The use of psychoactive medications to treat
emotional distress symptoms is unfavorable in populations
with multiple comorbidities, because of reasons such as medi-
cation burden, poor adherence, and risk of adverse events asso-
ciated with polypharmacy (27). Within the general population,
addictive properties of psychoactive drugs may lead to other
psychoactive prescription drug use disorders such as substance
abuse and risky health behaviors (28,29). These collective find-
ings underscore the need for more effort in directing balanced
and appropriate use of psychopharmacologic and nonpharma-
cological interventions to treat distress symptoms in survivors
of childhood cancer.

Despite having a large, well-characterized sample with longi-
tudinal follow-up and use of sibling controls, findings of this
study should be considered in the context of several limitations.
Our study relied exclusively on proxy-reported psychoactive
medication use; external verification of reported medications
with dispensing records was not conducted. A more elaborate
and detailed description of medication utilization will be

important for future studies to consider. Given the retrospective
nature of the study design, temporal relationship between onset
of medication use and functional outcomes cannot be estab-
lished. Even though we adjusted for cancer treatment exposures
and baseline cognitive or behavioral problems using multivari-
able models, adverse functional outcomes at adulthood may not
be directly attributed to psychoactive medication use, because
there may be other confounding psychological or behavioral
issues that were not captured by the measures included in the
study. The observed association must be interpreted with cau-
tion due to potential selection bias, because survivors who exhib-
ited behavioral problems during adolescences and reported the
use of psychoactive medications seemed less likely to provide
functional  performance evaluation during adulthood
(Supplementary Table 1, available online). While the cancer
treatment protocols represented in the CCSS cohort span from
1970 to 1999, these treatment exposures remain the backbone of
contemporary therapies for childhood cancer (30,31), and hence,
health outcomes of this cohort are still applicable to survivors
treated in the newer era.

In conclusion, our findings examined utilization trends and
identified clinical and cancer treatment predictors of psychoac-
tive medication use among adolescent survivors of childhood
cancer. This has the potential to inform screening and interven-
tion practices that may likely benefit many childhood cancer
survivors. This study also provides preliminary data to suggest
an association between the use of specific psychoactive medica-
tions at adolescence and adverse functional outcomes during
adulthood. Clinically, our study results underscore the need for
future research on the psychopharmacologic treatment of sur-
vivors of childhood cancer and may potentially direct the devel-
opment of guidelines for appropriate provision of psychoactive
medications for at-risk survivors, as well as monitoring for
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Functional Outcomes at Aduithood
Neurocognitive problems:
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Emotional Regulation

Organization
Memory e
Emotional distress:
Anxiety
Depression _,_._

Somatization
Post-traumatic Symptoms
HRQOL:

Physical Function

' RR (95% Cl)
1 1.20(1.01-1.43)

' 1.14(0.91-1.44)
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Figure 2. Association between any psychoactive medication use at adolescence and risk of functional impairment during adulthood. Each dot and whisker represents
the relative risk (RR) estimate and 95% confidence interval (CI), respectively, on a logarithmic scale. Models are adjusted for age, sex, and race; intravenous and intra-
thecal methotrexate doses and cranial radiation dose; attention and placement in special education at adolescence. The exact relative risk (95% CI) estimates for each
class of psychoactive medication use and functional outcomes (neurocognitive problems, emotional distress, and health-related quality of life) and model descriptions
are presented in Table 3 and Supplementary Tables 6 and 7, respectively. HRQOL = Health-related quality of life.

adverse cognitive effects and functional impairments associ-
ated with their use.
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