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Abstract

Background—Adult survivors of childhood cancer are at risk for long-term morbidities, which
may be managed pharmacologically. Psychoactive medication treatment has been associated with
adverse effects on specific neurocognitive processes in non-cancer populations, yet these
associations have not been examined in adult survivors of childhood cancer.

Procedure—Outcomes were evaluated in 7,080 adult survivors from the Childhood Cancer
Survivor Study using a validated self-report Neurocognitive Questionnaire. Multivariable logistic
regression models were used to calculate odds ratios (OR) and 95% confidence intervals (Cl) for
neurocognitive impairment using demographic and treatment factors and survivors’ report of
prescription medication use.

Results—Controlling for cranial radiation, pain, psychological distress, and stroke/seizure, use
of antidepressant medications was associated with impaired task efficiency (OR=1.80, 95%
Cl=1.47-2.21), organization (OR=1.83, 95% CI=1.48-2.25), memory (OR=1.53, 95% CI=1.27-
1.84) and emotional regulation (OR=2.06, 95% C1=1.70-2.51). Neuroleptics and stimulants were
associated with impaired task efficiency (OR=2.46, 95% CIl=1.29-4.69; OR=2.82, 95% Cl=1.61—
4.93, respectively) and memory (OR=2.08, 95% CI=1.13-3.82; OR=2.69, 95% CIl=1.59-4.54,
respectively). Anticonvulsants were associated with impaired task efficiency, memory and
emotional regulation, although survivors who use these medications may be at risk for
neurocognitive impairment on the basis of seizure disorder and/or underlying tumor location
(CNS).

Conclusions—These findings suggest that specific psychoactive medications and/or mental
health conditions may be associated with neurocognitive function in adult survivors of childhood
cancer. The extent to which these associations are causal or indicative of underlying neurological
impairment for which the medications are prescribed remains to be ascertained.
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tara.brinkman@stjude.org.
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INTRODUCTION

Advances in medical treatments have contributed to a growing population of adult survivors
of childhood cancer, prompting increased focus on the identification, characterization, and
management of the long-term consequences of cancer and cancer-directed therapies.
Survivors of childhood cancer are at risk for medical, functional and psychosocial late
effects, 12 for which pharmacotherapy may be considered as primary or adjunctive
treatment. A forthcoming report from the Childhood Cancer Survivor Study (CCSS)
indicates that 42% of adult survivors of childhood cancer reported treatment with one or
more psychoactive medications over a 16-year period, a significantly larger proportion
compared to sibling controls (33%)3

Neurocognitive dysfunction is one of the most common late effects experienced by long-
term survivors of childhood acute lymphoblastic leukemia (ALL) and central nervous
system tumors (CNS). Prevalence rates range from 20 to over 80%, varying due to the
sample and cognitive process studied, measures employed, and definition of impairment
utilized.#-8 Treatment with cranial radiation therapy (CRT) is a well-established risk factor
for neurocognitive late effects,’ though antimetabolite chemotherapy and corticosteroids
also have been implicated.8-10 Neurocognitive impairment includes deficits in attention,
memory, processing speed, and executive function.”:11-13 These deficits often increase with
time after treatment exposure’ and have the potential to impact multiple areas of adult
functioning including educational attainment, employment, health behaviors, and quality of
life.414.15 Given the potential pervasive impact of neurocognitive impairment on daily life,
additional research is needed to better understand factors that have the potential to
exacerbate or mitigate neurocognitive dysfunction.

Some psychoactive medications have been reported to impact neurocognitive functioning in
non-cancer populations. Both tricyclic antidepressants'6-17 and selective serotonin reuptake
inhibitors (SSRI1s)18.19 have been demonstrated to impair sustained attention and memory in
non-depressed adults. Anticonvulsants have well documented negative effects on cognition
in patients with epilepsy,2° and may also produce untoward cognitive effects on attention,
memory, and psychomotor speed in healthy adults.2! Of note, these effects have been
demonstrated to emerge in a dose-dependent fashion,2! providing further evidence of a
direct effect of these medications on specific neurocognitive processes.

A report from CCSS indicates that 19% of adult survivors initiated treatment with
antidepressants over a 10-year period, while nearly 7% initiated use of anticonvulsants.3
These medications are likely used for the management of symptoms of psychological
distress and seizures, conditions often associated with neurocognitive dysfunction.2?
Psychoactive medications may further exacerbate neurocognitive deficits in those already at
risk for difficulties due to underlying medical and/or mental health conditions. Moreover, in
some survivors neurocognitive problems may be related to an adverse response to the
medication itself (see Figure 1 for a schematic representation of potential medication effects
on neurocognitive outcomes). Importantly, the impact of psychoactive medication on
neurocognitive processes of survivors may be more salient, given the heightened risk for
brain injury following neurotoxic cancer treatment. Currently, little is known of the
association between psychoactive medication treatment and neurocognitive outcomes in
adult survivors of childhood cancer. The primary objective of this study is to investigate this
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association while accounting for the known effects of CRT, psychological distress, and
stroke or seizure history on neurocognitive outcomes.

Childhood Cancer Survivor Study

Measures

Detailed descriptions of the CCSS methodology and participants have been previously
published.23-25 Briefly, the cohort consists of survivors of one of eight childhood cancers
diagnosed younger than 21 years of age, treated at one of 26 institutions between 1970 and
1986, and who survived at least 5 years from their original diagnosis. Sibling controls were
recruited from a randomly selected subset of survivors. The study was approved by the
institutional review board at each of the collaborating institutions and informed consent was
obtained from each study participant. Study participants completed a Baseline questionnaire
between 1994 and 1998 and subsequent follow-up questionnaires in 2000, 2003 and 2007.
The current study population included all cancer survivors and siblings who completed the
Baseline questionnaire and the 2003 follow-up (Figure 2).

Childhood Cancer Survivor Study Neurocognitive Questionnaire (CCSS-NCQ)
—Self-report of neurocognitive function was assessed using the CCSS-NCQ, which was
previously validated in adult survivors of childhood cancer. 26 The CCSS-NCQ is a 25-item
questionnaire that provides a 3-point Likert scale (O=never a problem to 2=often a problem)
for ratings of neurocognitive problems, and is comprised of 4 primary factors: Task
Efficiency, Emotional Regulation, Organization and Memory. These factors provide
measures of executive functioning (i.e., Emotional Regulation and Organization), attention
and processing speed (i.e., Task Efficiency), and short and long-term memory (i.e.,
Memory). Consistent with previous CCSS studies, impaired performance was defined as a
score falling =90th percentile based on values obtained in the sibling cohort.

Primary Predictors—Psychoactive medication use was the primary predictor in this
study. Participants reported prescription drugs taken consistently for more than one month or
>30 days in one year during the 2 year period prior to survey completion. Participants were
instructed to report only medications prescribed by a physician and dispensed by a
pharmacist and not report over-the-counter medications. Medications were classified using
the American Hospital Formulary Service Drug Information database (AHFS).27 We
identified 8 medication categories believed to include psychoactive properties: (1)
antidepressants, (2) anxiolytics/sedatives/hypnotics, (3) anticonvulsants, (4) non-opioid
analgesics, (5) opioids, (6) muscle relaxants, (7) central nervous system stimulants, and (8)
neuroleptics. Supplemental Appendix | provides a list of the AHFS drug classes comprising
each medication category. Polypharmacy was defined as the reported use of >1 psychoactive
medication and was restricted to medications in the 8 classes identified above.

Covariates—Demographic and socioeconomic variables included sex, age at the time of
follow-up, race/ethnicity, health insurance status, and household income, which was
categorized as <$20,000 or =$20,000. Neurologic variables included history of headache,
bodily pain and stroke or seizure. Cancer variables included age at diagnosis and treatment
with cranial irradiation, which was categorized by dose intensity resulting in 3 groups: none,
low (0 to <20Gy), or high (=20Gy). The low-dose exposure group included scatter exposure
from radiation treatment of adjacent body areas. Psychological distress was measured by the
Brief-Symptom Inventory-18 (BSI-18)28 and subscales for anxiety, depression and
somatization were used as covariates. Sex-specific scores were calculated based on
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standardized normative values and scores falling =90th percentile were classified as
demonstrating a clinical level of acute emotional distress.

Statistical Analysis

Descriptive statistics were calculated for all outcomes, predictors and covariates used in the
analyses. Logistic regression modeling was employed for each outcome variable from the
CCSS-NCQ (Task Efficiency, Emotional Regulation, Organization and Memory).
Performance was classified into yes/no impairment based on comparison to sibling norms
and univariate models were constructed to identify each variable contributing to the four
neurocognitive outcomes at p<0.10. All variables meeting this significance threshold were
included in multivariable logistic regression models. Backward selection was performed for
each of the neurocognitive models using SAS version 9.2 PROC Logistic (SAS Institute,
Cary, NC). The least significant variables (largest p-value) were excluded one at a time until
all variables remaining in the model were significant (p<0.05). All medication categories
were forced into the multivariable models regardless of statistical significance. Odds ratios
(OR) and 95% confidence intervals (Cl) were calculated for predictors and covariates
retained in the final models. Given the multicollinearity between cancer diagnosis and
treatment variables, and in accord with previous research on cognitive late effects associated
with treatment exposure, the models presented in this report include only treatment
variables. Previous CCSS studies have failed to demonstrate an association between
chemotherapy exposure and self-reported neurocognitive function independent of cranial
radiation therapy.2® Thus, chemotherapy variables were not included in our multivariable
models.

RESULTS

Table | shows descriptive statistics for survivor and sibling demographics as well as survivor
treatment characteristics. Mean age at time of follow-up was 31.6 years (SD=7.5, range 17
to 54). The most frequent childhood cancer diagnoses were leukemia (33.3%), lymphoma
(21.0%), and central nervous system tumors (11.9%). Compared with siblings, survivors
were younger and less likely to be white/non-Hispanic, less likely to have health insurance
and more likely to have a household income less than $20,000. Survivors were also more
likely to report a history of pain and neurological event as well as acute psychological
distress. Overall, 23% of survivors reported taking at least one psychoactive medication
during the two-year period prior to survey completion compared to 16% of sibling controls
(p=0.003). The proportion of survivors and siblings reporting psychoactive medication use
by medication class is presented in Supplemental Appendix Il. Notably, the difference in
medication use appears to be largely driven by the practice of polypharmacy among
survivors (7.2% vs. 2.3%, p<0.001). Supplemental Appendix I1l provides data on
medication use across cancer diagnoses.

Rates of impairment on the 4 factors from the CCSS-NCQ are presented in Table I, with an
expected impairment rate of 10% in sibling controls. The highest rate of impairment was
observed on the Memory factor with 25% of survivors reporting problems related to short
and long-term memory. Descriptive statistics for the neurocognitive outcome measures
stratified by medication class are also presented in Table I1. Across all eight medication
categories, rate of neurocognitive impairment was greater for survivors who reported taking
psychoactive medication compared with survivors who did not report medication use.

Multivariable Prediction of Neurocognitive Outcome

Table 111 presents ORs for impairment for each neurocognitive outcome. Multivariable
logistic regression models adjusting for all other covariates, including CRT and stroke/
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seizure, revealed significant associations between psychoactive medication use and impaired
neurocognitive functioning. Antidepressants were associated with impairment across all
areas including, task efficiency (OR=1.80, 95% CI=1.47-2.21), memory (OR=1.53, 95%
Cl=1.27-1.84), organization (OR=1.83, 95% Cl=1.48-2.25) and emotional regulation
(OR=2.06, 95% CI=1.70-2.51). Similarly, anticonvulsants were associated with impaired
task efficiency (OR=2.29, 95% CI=1.69-3.09), memory (OR=1.51, 95% CI=1.13-2.02), and
emotional regulation (OR=1.71, 95% CI=1.27-2.30). CNS stimulant medications were
associated with a nearly 5—fold increased likelihood of impaired organization (OR=4.95,
95% C1=2.98-8.24) as well as increased likelihood of impaired task efficiency (OR=2.82,
95% CI=1.61-4.93) and memory (OR=2.69, 95% CI=1.59-4.54). Survivors taking
neuroleptic medications were 2.5 times more likely to report impaired task efficiency
(OR=2.46, 95% CI=1.29-4.69) and twice as likely to report memory difficulties (OR=2.08,
95% CI=1.13-3.82) compared with survivors who were not taking these medications.

Among the medical variables retained in the final models, survivors treated with high-dose
cranial radiation were significantly more likely to report impaired task efficiency (OR=2.73,
95% CI1=2.24-3.33), memory (OR=2.13, 95% CI=1.78-2.54), and emotional regulation
(OR=1.54, 95% CI=1.26-1.88) compared to survivors who were not treated with cranial
radiation. History of a neurologic event predicted difficulties with memory (OR=1.93, 95%
Cl=1.49-2.50) and organization (OR=1.55, 95% C1=1.15-2.08), as well as a 2.6-fold
increased likelihood of impaired task efficiency (OR=2.65, 95% C1=2.02-3.47). Acute
psychological distress emerged as an independent predictor of neurocognitive impairment.
Survivors with elevated symptoms of depression were two to four times more likely to
report problems with task efficiency (OR=2.94, 95% Cl=2.36-3.65), memory (OR=2.18,
95% CI=1.77-2.68), organization (OR=2.07, 95% CI=1.67-2.57), and emotional regulation
(OR=4.74, 95% Cl=3.84-5.85).

DISCUSSION

This study reports on the association between psychoactive medication use and
neurocognitive functioning in adult survivors of childhood cancer. Antidepressants,
anticonvulsants, CNS stimulants, and neuroleptic medications were associated with report of
impaired functioning across multiple domains of neurocognition. Importantly, psychoactive
medications contributed to neurocognitive outcomes above and beyond CRT, neurologic
history, and acute psychological distress, which are established predictors of neurocognitive
impairment. These findings are consistent with previous studies that report adverse cognitive
effects of psychoactive agents in non-cancer populations819:30 and suggest a contribution
from specific medication classes on neurocognitive function in long-term survivors of
childhood cancer.

Antidepressants were associated with impairment across all areas of heurocognitive
functioning, with 38% and 42% of survivors who used antidepressants reporting impairment
in task efficiency and memory, respectively. Previous research identified the adverse effects
of tricyclic antidepressants on reaction time as well as sustained and selective attention.16:17
More recent data suggest that SSRIs, including fluoxetine,3! venlafaxine,32 and
citalopram,32 also impair vigilance performance following acute and subchronic treatment.
Additionally, paroxetine, a SSRI with affinity for anticholinergic activity, has been
demonstrated to impair vigilance!® and long-term memory1? in healthy adults. Although our
results parallel previous findings, even after adjusting for acute depressive symptoms, we
must acknowledge the potential and likely contribution of underlying mental health factors
to neurocognitive impairment. Difficulties with effortful attention, short-term and working
memory, and executive functioning are reported among patients with major depressive
disorder.22:34 Symptoms of depression, including slowed thinking, distractibility, and
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difficulty concentrating may mirror symptoms of neurocognitive impairment and cannot be
differentiated using a single self-report measure. Additionally, patients with depression may
be more apt to report cognitive impairment that extends beyond that which would be
observed on objective measures of neurocognitive processes.3® While we acknowledge the
contribution of mental health conditions to self-report of neurocognitive dysfunction, the
associations we found between antidepressants and specific neurocognitive outcomes are
consistent with research in healthy adults documenting the adverse impact of specific
antidepressant agents on multiple attention processes and memory16:19.31.32 and suggest that
future research is needed to better understand these associations in cancer survivors.

Similar to the findings regarding antidepressants, survivors taking anticonvulsant
medications were significantly more likely to report impaired task efficiency, memory and
emotional regulation. Research has demonstrated that anitconvlusants are associated with
impairment across several areas of neurocognition in patients with epilepsy as well as health
adults.?! Specifically, topiramate has been associated with adverse effects on measures of
attention, verbal fluency, verbal memory, and psychomotor speed.?! It is important to note
that survivors who were prescribed anticonvulsants may be independently at increased risk
for neurocognitive impairment on the basis of seizure disorder and/or underlying tumor
location (CNS). In fact, 21% of CNS tumor survivors in our sample reported taking
anticonvulsants and research has consistently demonstrated heightened risk of
neurocognitive dysfunction among survivors of pediatric brain tumors.36 Additionally,
neuropsychological impairment is well documented in patients with epilepsy and may be
related to structural brain abnormalities and/or the cumulative neuorobiological
consequences of recurrent seizures.3” We also found that history of a stroke or seizure was
independently associated with impaired task efficiency, organization and memory among
adult survivors childhood cancer. Taken together, evidence suggests that anticonvulsant
medications may exacerbate neurocognitive impairments in a population already vulnerable
to cognitive dysfunction.

Neuroleptic medications were significantly associated with impaired task efficiency and
memory. Of note, only one percent of our sample reported using neuroleptic medications,
despite the inclusion of both antipsychotic and antimanic agents in this category. While this
is consistent with prevalence rates reported in the general population, caution should be used
when interpreting the associations between these medications and specific neurocognitive
outcomes due to the relatively small sample. Antipsychatic and antimanic medications are
often used for the management of psychotic symptoms and mood stabilization and may be
prescribed for the treatment of Schizophrenia and/or Bipolar Disorder, psychiatric
conditions with known effects on cognition.38:3% There is increasing evidence that second
generation antipsychotic medications may ameliorate some cognitive symptoms associated
with these disorders,*0 although the clinical significance of observed improvements has been
questioned and it is unclear if such improvements result in normalization of cognitive
processes or simply a reduced degree of impairment. Thus, it is not surprising that survivors
endorsing antipsychotic medication use also reported impaired neurocognitive functioning.

Among all medications, central nervous system stimulants showed the largest associations
with impaired task efficiency, organization, and memory. Impressively, these associations
were larger than those observed among neurocognitive impairment and high-dose cranial
radiation therapy. Stimulant medications are often used for the treatment of attention-deficit/
hyperactivity disorder (ADHD), which is generally characterized by impairments related to
attention, concentration, hyperactivity, organization, task completion and memory.41
Stimulant medications may also be used for the management of fatigue in cancer
survivors.#2 Chronic fatigue has been associated with impaired cognition in non-cancer
populations*3 and recent data suggest that adult survivors of childhood cancer may be
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especially vulnerable to the adverse impact of poor sleep and fatigue on neurocognitive
function.*4 While stimulants may have beneficial effects on sustained attention among
adults with ADHD and chronic fatigue,*® stimulant medication treatment does not appear to
consistently improve or normalize other areas of cognitive functioning.46:47 Similarly, our
findings suggest that stimulant medications do not appear to normalize neuropsychological
function in adult survivors of childhood cancer. Importantly, potential effects of stimulants
on neurocognitive processes may be dependent upon the etiology of underlying deficits.
Future prospective, randomized studies are needed to delineate direct effects on
neurocognitive functions in this patient population.

In contrast to other medication classes, pain medications were largely unrelated to impaired
neurocognitive function. However, both non-opioid analgesics and muscle relaxants were
associated with poor emotion regulation. We also found associations between acute
symptoms of anxiety, depression and somatization and emotional regulation, suggesting that
difficulties with emotional regulation may involve negative feelings such as sadness,
nervousness, and frustration. Additionally, that patient report of headache was a significant
predictor of problems with emotional regulation parallels previous reports of negative affect
in patients with pain.*8 Given that the experience of pain may be intensified by the presence
of negative emotions such as anger and sadness,* it is likely that our current finding
regarding the connection between pain medication and poor emotional regulation is due to
the complex interplay of acute emotional distress, pain and the management of these
symptoms.

Despite the many strengths of our study, including the use of a large, well-characterized
sample of long-term adult survivors of childhood cancer, there are important limitations that
warrant discussion. The study design was retrospective, thus we were unable to establish a
temporal relationship between onset of medication use and neurocognitive outcome. This
limits our ability to discuss potential neurocognitive changes as a direct result of
psychoactive medication treatment. As illustrated by Figure 1, survivors may initiate
psychoactive medication treatment for the management of treatment-related morbidities with
known effects on cognition, including seizures, depression, and fatigue. Such treatment may
be associated with continued (i.e., no direct effect on cognition), resolved (i.e., beneficial
effect on cognition) or worsened (i.e., adverse effect on cognition) impairment. Our data
preclude determination of such causal associations and we recognize the potential for
divergent outcomes based on individual response to treatment and the underlying symptoms
for which medication treatment was initiated.

Additionally, we did not have information regarding medication dose or indication for
medication use. This will be important information for future studies to consider as past
research has demonstrated a dose-response effect of specific medications on cognitive
processes.21 Although survivors reported used of multiple medications, we were not able to
confirm that multiple medications were taken concurrently over the two-year study period,
thus limiting our ability to examine polypharmacy in association with neurocognition. Given
that polypharmacy appears to account for much of the difference in medication use between
survivors and siblings, future studies should examine the contribution of concomitant
medication use on neurocognition. This practice may be more salient in survivors given the
potential for late effects to affect many organ systems and areas of function. Moreover,
underlying treatment-related toxicities may make survivors vulnerable to adverse drug
interactions. Both medication use and neurocognitive functioning were assessed via self-
report rather than by direct assessment. It will be necessary to determine the extent to which
the observed associations are maintained on performance-based measures of neurocognitive
function. Lastly, these survivors were treated >15 years ago and patients treated on more
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contemporary protocols may demonstrate less treatment-related morbidity and reduced rates
of psychoactive medication use.

In summary, this study provides preliminary data to suggest an association between specific
psychoactive medications and neurocognitive outcomes in adult survivors of childhood
cancer. Although this conclusion must be tempered by the fact that survivors taking
psychoactive medications may be predisposed for neurocognitive impairment due to
established medical and/or mental health conditions, these findings underscore the need for
future research. Specifically, it will be important to investigate the impact of psychoactive
medications on functional outcomes in a population with heightened risk for neurocognitive
dysfunction. Clinically, these findings suggest the need for increased awareness among
prescribing clinicians regarding the potential for medication effects on cognitive processes
with monitoring of such effects warranted. Clinical research trials are necessary to
understand dose-response relationships and whether childhood cancer survivors are at-risk
for heightened sensitivity to medication effects.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Model depicting potential impact of psychoactive mediation on neurocognitive functioning.
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Figure 2.

Flow diagram of study participation of survivors from the Childhood Cancer Survivor
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