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Background. Survivors of childhood cancer are at risk for neuropsychological late effects, yet identifying those in need of evaluation
and obtaining needed services can be challenging for the medical team. Finding time- and cost-effective screening measures that can
be used to identify children in need of evaluation is a clinical priority. Our objective was to investigate the association between parent-
rated attention problems and related neuropsychological impairments in childhood cancer survivors as a means of identifying those at
high risk for difficulties.

Methods. Cognitive and psychosocial data of survivors who completed neuropsychological evaluations were retrospectively abstract-
ed. Parents of 70 survivors of pediatric cancer (mean age, 11.6 years) completed the Conners Parent Rating Scale and the Child Behav-
ior Checklist. Children also completed a measure of intellectual functioning. The 18 symptoms of inattention and hyperactivity were
abstracted from the Conners questionnaire, and participants were classified according to whether or not they met attention deficit/
hyperactivity disorder (ADHD) symptom criteria (≥6 inattentive symptoms).

Results. Survivors who met symptom criteria for ADHD (27%) demonstrated greater impairments in IQ and working memory, but not
processing speed, than survivors who did not. Meeting ADHD symptom criteria was also associated with greater externalizing and
social problems but not more internalizing symptoms. ADHD symptom screening was associated with low sensitivity (range¼
26.3%–69.2%) but stronger specificity (range¼ 75.0%–82.7%) for neuropsychological difficulties.

Conclusion. Parental ratings of attentional symptoms may be a useful way to screen survivors who may be in need of a full neuro-
psychological assessment.
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It is well known that survivors of acute lymphoblastic leukemia
(ALL) and brain tumors are at increased risk for the development
of neurocognitive late effects due to their disease and treat-
ment.1,2 There is a wide range of difficulties experienced by survi-
vors of CNS-impacting cancers as a group (particularly survivors
of brain tumors), including visual and verbal episodic memory,
visual-motor integration, executive functioning, and some men-
tal health symptoms.1,2 The most frequently described neurocog-
nitive late effects, however, pertain to IQ, working memory, and

processing speed.3 – 5 The severity of these late effects has been
found to be greatest for pediatric patients who were treated at
a young age and with therapies that impact the central nervous
system (eg, intrathecal methotrexate, cranial radiation, and neu-
rosurgery).6,7 Not only do deficits in neurocognitive ability impact
intellectual and academic functioning, they can also lead to re-
duced quality of life that includes higher rates of failure to achieve
milestones such as marriage, independent living, and employ-
ment.8,9 Given these implications, it remains critical to work
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towards improving neurocognitive evaluation and interventions
for survivors.

The nature of neurocognitive impairment observed in survivors
of childhood cancer presents a unique conceptual challenge to
researchers, clinicians, and educators. As researchers have
refined the cognitive phenotype in survivors, many have also
sought to compare the late effects profile to the frameworks of
other known cognitive or developmental disorders. Such efforts
serve to facilitate understanding of survivors’ deficits and to bet-
ter direct the search for effective interventions. One frequently
referenced model is attention deficit/hyperactivity disorder, pre-
dominantly inattentive type (ADHD-In). ADHD-In is a develop-
mental disorder characterized by pervasive and impairing
difficulties with inattention, concentration, and distractibility
that have been observed consistently over time and across set-
tings beginning in early childhood.10 Working memory deficits,
delays in processing speed, and executive dysfunction are also as-
sociated with ADHD-In.10 – 12 A significant body of literature has
documented attention problems in survivors of both ALL and
brain tumors,13 – 18 which supports this conceptual model. Broadly
speaking, survivors of brain tumors demonstrate high rates of at-
tention problems and associated impairments, particularly when
they have been treated with cranial radiation19 or have been
treated for hydrocephalus.20 – 22 Attentional difficulties have
been documented for survivors of numerous tumor types, includ-
ing medulloblastoma,5 ependymoma,23 low-grade astrocyto-
ma,24 pilocytic astrocytoma,22 and craniopharyngioma.25

Notably, increased rates of attentional difficulties have been doc-
umented even in survivors of ALL who have no global intellectual,
memory, or academic deficits.13,26 Further, research has also sug-
gested that 70% of survivors’ functional impairment at school
and other settings can be accounted for by their attention
problems.27

Because of the prevalence of attention problems, perfor-
mance-based measures and rating scales of attention are often
included in neuropsychological evaluations of survivors of
childhood cancer. Best practice guidelines from the Children’s
Oncology Group28 recommend, at minimum, a comprehensive
neuropsychological evaluation at entry into long-term follow-up
for all survivors who have the potential to be at risk for neurocog-
nitive late effects (most predominantly survivors of ALL and brain
tumors). Reevaluation is then recommended based on clinical
need and the anticipated trajectory for the emergence of late
effects. However, it is often difficult to comply with these recom-
mendations due to limitations of practice (eg, insurance, long
waiting lists, and family reluctance). As such, it is important to
evaluate efficient and economical methods for identifying those
patients who are at heightened risk for neurocognitive late effects
and would thus benefit from a comprehensive evaluation.

Prior studies have suggested that the use of parent-reported
questionnaires may be a quick and feasible means for screening
a large group of patients for neurocognitive concerns.29 Specifi-
cally, Patel et al29 evaluated the utility of a broad-based measure
of emotional and behavioral functioning to identify attention
problems in survivors of brain tumors. They found that elevated
ratings of inattention on this measure were predictive of greater
attention problems on more objective, laboratory-based mea-
sures.29 However, they did not evaluate the predictive validity of
their attention measure to other measures of neurocognitive
functioning that are typically impaired in survivors, including

working memory and processing speed tasks. Furthermore, their
sample was limited to survivors of brain tumors and did not
include patients with ALL, who are also at risk for attention
deficits.26 Therefore, as a logical extension of previous work in
this area, we aimed to clarify the association between survivors’
clinically significant attention problems and other neuropsy-
chological difficulties (ie, working memory, processing speed,
behavioral outcomes). Broadband, parent-completed rating
scales, which include items designed to measure ADHD symp-
toms, have been shown to reliably distinguish between children
with and without ADHD as well as children with and without
working memory deficits.30,31 Such rating scales have also been
used previously in the research literature to characterize the at-
tention profile of survivors of ALL and brain tumors.32 – 34

If parent-rated attention problems can reliably predict broader
neuropsychological late effects in survivors, parental ratings
may help clinicians triage survivors so that resources are allocat-
ed to those who are in need of comprehensive evaluations. This
may be particularly relevant for survivors of ALL, who may not ev-
idence global declines in cognitive functioning but do demon-
strate attention problems.1,13,26 Our first hypothesis was that
survivors’ difficulties with attention would be predictive of lower
scores on performance-based tasks of global intellectual func-
tioning, processing speed, and working memory. Our second hy-
pothesis was that the Diagnostic and Statistical Manual of Mental
Disorders, 4th Edition (DSM-IV)35 ADHD-In symptoms, as rated by
parents, would identify survivors experiencing specific neurocog-
nitive and psychosocial dysfunction.

Materials and Methods
We conducted a retrospective review of the neuropsychological
records of 70 patients, aged 5–18 years, who had completed
therapy at least 1 year previously for either ALL or a brain tumor.

Participants and Procedures

Following approval from the institutional review board, cognitive
and psychosocial data were abstracted from the medical records
of survivors of pediatric cancer assessed within the Pediatric Neu-
ropsychology Clinic of a large academic medical center in the
Southeastern United States. Routine neuropsychological evalua-
tions were a standard of care for all patients with brain tumors
and ALL at this institution, and thus the current sample is repre-
sentative of the larger population. Participants were eligible if they
were diagnosed with either ALL or a brain tumor, were off treat-
ment for at least 1 year, were medically stable at the time of eval-
uation, and their parent or guardian had completed a version of
the Conners Parent Rating Scale36,37 at the time of evaluation. We
elected to include a heterogeneous sample of survivors of both
brain tumors and ALL, given the high prevalence of attention
problems present in each group and to be consistent with prior
literature that has reported the prevalence of ADHD symptoms
in survivors.32,33 The sample used in the current study included
70 survivors of CNS-impacting pediatric cancer (55.7% male;
84.3% Caucasian): 47 survivors of brain tumors and 23 survivors
of ALL. At the time of evaluation, survivors were, on average, 11.6
years of age (SD+3.61, range, 5.8–18.2 years) and 4.6 years off
treatment (SD+2.86, range, 1–12 years). See Table 1 for all de-
mographic and treatment information.
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Measures

Conners Parent Rating Scale

Parents completed one of 2 versions of the Conners Parent Rating
Scale (CPRS): the revised edition36 (n¼ 40, 57.1%) or the third edi-
tion37 (n¼ 30, 42.9%). The CPRS is a well-known, widely used,
parent-report measure of attention problems that employs a Lik-
ert response scale ranging from 0 (symptom never occurs) to 3
(symptom occurs very often). Sensitivity and specificity of this
measure for differentiating children with ADHD from those with-
out ADHD exceeds 90%.31,36 To evaluate ADHD symptoms in our
sample, we abstracted items reflecting the 18 core symptoms of
ADHD (9 Inattentive Type [In] and 9 Hyperactive/Impulsive Type
[HI]) as defined by the DSM-IV35 from each version of the mea-
sure. Of note, the items are very similar across CPRS versions. In
keeping with prior literature,36,37 ratings of either 2 (often) or 3
(very often) were considered symptomatic, and ratings of either
0 (never) or 1 (occasionally) were considered asymptomatic
(see Table 2 for the individual items). Internal consistency of
the DSM-IV In and HI symptoms was strong for our sample
(Chronbach’s a¼ 0.91 and 0.86, respectively).

Child Behavior Checklist

The Child Behavior Checklist (CBCL)38,39 is a widely used,
parent-report measure of a child’s emotional, behavioral, and
psychosocial functioning. Parents respond to a number of open-
ended and forced-choice questions, and subscales are computed
for several areas of impairment. The Internalizing Problems,

Externalizing Problems, and Social Problems subscales were
used for analyses and were available for 92.8% (n¼ 65) of the
sample.

Wechsler Scales of Intelligence

As this study included participants within a wide age range, sur-
vivors were assessed using the age-appropriate version of the
Wechsler Scales, the most widely used measures of intelligence
for children and adults. Specifically, the Wechsler Intelligence
Scale for Children – Fourth Edition40 (WISC-IV, ages 6 –16
years), the Wechsler Adult Intelligence Scale – Third Edition41

(WAIS-III, ages ≥16 years), and the Wechsler Abbreviated Scale
of Intelligence42 (WASI, ages ≥ 6 years) were used. The majority
of patients (58.6%, n¼ 41) completed the WISC-IV. From each

Table 1. Demographic and treatment information for all survivors (n¼ 70)

M+SD Range N (%)

Age (years) 11.55+3.61 5.8–18.2
Age at diagnosis (years) 5.57+3.50 0.3–15.0
Years off treatment 4.26+2.86 1.0–11.9
Sex

Male 39 (55.7)
Female 31 (44.3)

Race
Caucasian 59 (84.3)
African-American 3 (4.3)
Hispanic 4 (5.7)
Biracial 4 (5.7)

Cancer Diagnosis
ALL 23 (32.9)
Medulloblastoma 8 (11.4)
Ependymoma 11 (15.7)
Pilocytic Astrocytoma 9 (12.9)
Other Brain Tumor 19 (27.1)

Cancer Treatment
Neurosurgery 39 (55.7)
Chemotherapy 48 (68.6)
Cranial Radiation 33 (47.1)
Bone Marrow Transplant 6 (8.6)

Abbreviations: ALL, acute lymphoblastic leukemia; M, mean; SD, standard
deviation.

Table 2. Attention deficit/hyperactivity disorder symptom counts from the
DSM-IV35 as abstracted from the Conners rating scale.36,37 Specifically, the
presence of a symptom was defined as a score of 2 (“pretty much”) or 3 (“very
much”) on the Conners, while the absence of a symptom was defined as a
score of 0 (“not at all”) or 1 (“just a little”).

Survivors
(Total N¼ 70)

N %

Inattentive Type* 19 27.1
Fails to give close attention to details/makes careless

mistakes
33 47.1

Has difficulty sustaining attention in tasks or play
activities

17 24.3

Does not seem to listen when spoken to directly 24 34.3
Does not follow through on instructions and fails to finish

schoolwork or chores
27 38.6

Has difficulty organizing tasks and activities 28 40.0
Avoids or dislikes tasks that require sustained mental

effort
28 40.0

Loses things necessary for tasks or activities 16 22.9
Easily distracted by extraneous stimuli 21 30.0
Forgetful in daily activities 28 40.0
Hyperactive/Impulsive Type* 5 7.1
Often fidgets with hands or feet or squirms in seat 9 12.9
Leaves seat in classroom or in other situations 9 12.9
Runs about or climbs excessively 5 7.1
Has difficulty playing or engaging in leisure activities

quietly
7 10.0

Is often “on the go” or often acts as if “driven by a motor” 7 10.0
Often talks excessively 18 25.7
Often blurts out answers before questions have been

completed
13 18.6

Often has difficulty awaiting turn 8 11.4
Often interrupts or intrudes on others 19 27.1

Abbreviations: ADHD, attention deficit/hyperactivity disorder; DMS-IV,
Diagnostic and Statistical Manual of Mental Disorders, 4th Edition.
*Number of patients meeting diagnostic criteria based on questionnaire
data. DSM-IV criteria requires presence of at least 6 symptoms.
Note. Three survivors met symptom criteria for Combined Type.
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version, the Full-Scale IQ score was used (n¼ 68; not available for
2 children younger than 6 years at the time of evaluation), as well
as the Working Memory and Processing Speed Index scores when
applicable (n¼ 51).

Statistical Analyses

Analyses were completed to compare survivors who met DSM-IV
symptom criteria (ie, those with ≥ 6 ADHD-In symptoms; n¼ 19)
and those who did not meet the criteria (ie, those with ≤ 5 symp-
toms; n¼ 51) on measures of neurocognitive ability (ie, IQ, working
memory, and processing speed) and parent-reported psychologi-
cal functioning (ie, Internalizing Problems, Externalizing Problems,
and Social Problems subscales from the CBCL). To evaluate our first
hypothesis, we used multivariate analysis of variance (MANOVA)
procedures. MANOVA procedures were used when analyzing sub-
scales from the same measure to account for shared variance
and to minimize the probability of type I error. Finally, binary logis-
tical regression was used to assess if medical (age at diagnosis,
years off treatment, treatment with cranial radiation, and diagno-
sis [ALL or brain tumor]) or demographic (current age, sex) vari-
ables predicted whether or not survivors met ADHD symptom
criteria. For our second hypothesis, we computed the number of
participants who exhibited deficits on the neurocognitive and psy-
chosocial outcomes. Specifically, those who received standard
scores , 85 for Full Scale IQ, Working Memory Index, or Processing
Speed Index of the Wechsler scales were classified as having dys-
function in that domain. For psychosocial outcomes, we used the
recommended clinical cutoff values for the CBCL Internalizing and
Externalizing ( ≥ 64) and Social Problems ( ≥ 70) scales. We then
calculated sensitivity, specificity, positive predictive power, and
negative predictive power statistics for all neurocognitive and psy-
chosocial outcomes based on whether or not participants had
significant parent-reported ADHD symptoms. Analyses were com-
pleted with SPSS version 22.

Results

ADHD Symptoms

The percentage of parent-endorsed DSM-IV symptoms is provid-
ed in Table 2. Survivors of both ALL and brain tumors met DSM-IV
symptom criteria for ADHD-In (defined as the presence of at least
6 of 9 symptoms) at rates considerably higher than would be ex-
pected in the general population (9%43; ALL, 26.1%; brain tumor,
27.7%). The most common symptoms exhibited by survivors in-
cluded: “fails to pay close attention to details” (47.1%), “does not
follow through/fails to finish schoolwork” (38.6%), “has difficulty
organizing tasks or activities” (40.0%), “avoids tasks that involve
sustained effort” (40.0%), and “is often forgetful” (40.0%).

ADHD Symptoms and Neurocognitive Functioning

Regarding our first hypothesis, a MANOVA indicated a significant
difference between survivors with and without clinically signifi-
cant ADHD-In symptoms on measures of neurocognitive func-
tioning (Wilks L¼ 0.80; F[3, 44)]¼ 3.55; P¼ .02). Specifically,
survivors who met ADHD-In symptom criteria had poorer working
memory (P¼ .008) and lower IQs (P¼ .02) than survivors who did

not meet symptom criteria, although there was no difference be-
tween groups on processing speed (P¼ .57; see Table 3).

With regard to parent-reported psychosocial functioning, a
second MANOVA also revealed significant differences between
groups (Wilks L,¼ 0.70; F[7, 57]¼ 3.57; p , .001). Specifically,
survivors who met ADHD-In symptom criteria demonstrated
greater parent-reported Externalizing Problems (p , .001) and
Social Problems (P¼ .01) than survivors who did not. There were
no differences between groups with regards to Internalizing Prob-
lems (P¼ .19; see Table 3).

Exploratory analyses were completed to determine the poten-
tial association between medical variables and ADHD symptoms
in the sample of survivors. There was no significant effect for any
medical or demographic variable, including diagnosis (ALL vs
brain tumor), time since diagnosis, age at diagnosis, treatment
with radiation therapy, or sex. See Table 3 for means and confi-
dence intervals.

As may be seen in Table 4, ADHD symptom screening was as-
sociated with generally low sensitivity for both neurocognitive
(range, 26.3%–40.0%) and psychosocial (range, 44.4%–69.2%)
outcomes. Specificity, in contrast, was much stronger (range,
75.0%–82.7%). Similarly, whereas positive predictive power tend-
ed to be low (range, 22.2%–50.0%), negative predictive power
tended to be higher (range, 65.0%–91.5%) for individual out-
comes. Finally, we also examined the sensitivity and specificity
of ADHD screening to accurately predict survivors with clinically
significant dysfunction on one or more measures of neurocogni-
tive or psychosocial functioning. Whereas ADHD-In screening was
still associated with relatively low sensitivity (37.5%), both specif-
icity (86.2%) and positive predictive power (78.9%) were
adequate.

Discussion
The objective of this paper was to evaluate the utility of parental
reports of attention problems as a mechanism for identifying
those survivors of CNS-impacting pediatric cancers who may be
experiencing related neurocognitive or psychosocial deficits.
Prior work29 suggested that subjective ratings of attention pre-
dicted scores on performance-based measures of attention in
survivors, but there is less information about how DSM-IV ADHD
ratings relate to other areas of neurocognitive functioning (eg,
working memory, processing speed) or psychological functioning
(internalizing or externalizing problems) in this population. Results
indicated that survivors meeting ADHD-In symptom criteria had
lower IQ and working memory scores, as well as more external-
izing and social problems, than survivors without significant
ADHD symptoms. There were no differences between groups in
processing speed or parental ratings of internalizing problems.
Despite these observed differences, screening for ADHD-In symp-
tom criteria was associated with rather weak sensitivity and pos-
itive predictive power for specific areas of neurocognitive and
psychosocial dysfunction. Specificity and negative predictive
power of this screening approach was stronger, however.

At a group level, survivors with high levels of ADHD-In evi-
denced a pattern of poorer neurocognitive and psychosocial func-
tioning. In this way, parent-reported ADHD symptoms may be
thought of as a potential indicator of additional difficulties that
would be best assessed in the context of a neuropsychological
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evaluation. The relatively low sensitivity of this approach indicates
that such screening may be less reliable for detecting specific
neuropsychological problems on an individual basis. This means
that, if patients fail to meet ADHD symptom criteria, the clinician
should not assume that no neuropsychological late effects are
present, particularly if survivors, parents, or teachers are reporting
struggles in the classroom, difficulties getting along with others,
mood symptoms, or problems completing activities of daily living
efficiently or competently. Even so, when survivors have signifi-
cant ADHD-In symptoms, it is quite likely that they will also evi-
dence a meaningful deficit in at least one other domain upon
further testing. Moreover, the adequate specificity of this ap-
proach suggests that ADHD-In screening may be particularly use-
ful for deferring the need for full neuropsychological assessment
in children who are less likely to have significant dysfunction
in these areas. This may be particularly important for families
who lack the resources to pay out-of-pocket costs associated
with neuropsychological evaluation or who are unable to take
time off work to accompany a child to one or more lengthy
appointments.

It is important to note that most survivors will not meet full
diagnostic criteria for ADHD, and we do not advocate that survi-
vors be given an ADHD diagnosis indiscriminately based on paren-
tal ratings alone. Indeed, several investigators have recently
expressed concern about assigning a diagnosis of ADHD to survi-
vors of pediatric cancer who exhibit a similar pattern of symp-
toms.32,33,44 Specifically, both Kahalley et al32 and Krull et al33

determined that the majority of survivors of pediatric brain tu-
mors and ALL do not meet strict diagnostic criteria for primary
or secondary ADHD-In, and that rates of the disorder are similar
to those observed in normally developing populations (ie, about

9%43). In spite of this, past research has suggested that many
of the interventions and school-based services designed for chil-
dren with ADHD may also be efficacious for survivors,50 and both
pharmacological and nonpharmacological approaches derived
from the ADHD population have been adapted for survivors
with generally positive results.34,51 – 54 As such, while the diagno-
sis of ADHD-In may not be appropriate for many survivors, the
presence of attention problems in the majority of survivors and
the utility of similar services and interventions are certainly
applicable.

Importantly, ADHD-In symptoms are not necessarily related
to other neurocognitive processing difficulties experienced by
some survivors of pediatric brain tumors. Specifically, problems
with long-term visual episodic memory,3 long-term verbal epi-
sodic memory,45 and visual motor integration46 have been docu-
mented in the literature, and our battery did not include
evaluation of these processes. In addition, we did not assess for
impairments in executive functioning, which have been docu-
mented in both survivors of ALL and brain tumors45,47,48 and
also co-occur with ADHD.12 It is therefore unknown whether or
not elevated levels of parent-reported ADHD symptoms are asso-
ciated with performance-based deficits in these areas. Therefore,
because we do not yet know how ADHD screening is associated
with other domains of neuropsychological functioning that can
be affected by cancer treatment, we would caution against
using such screening in isolation of other interview or question-
naire approaches when difficulties with episodic memory, visual-
motor processing, or integration are suspected. Finally, process-
ing speed deficits, which are a prevalent and early finding in sur-
vivors who go on to develop a broader range of neurocognitive
late effects,49 were not predicted by significant ADHD symptoms

Table 3. Comparison of survivors meeting versus not meeting Diagnostic and Statistical Manual of Mental Disorders, 4th Edition35 attention deficit/
hyperactivity disorder, predominantly inattentive type symptom criteria

Without ADHD Symptoms With ADHD Symptoms Mean Difference (95% CI) P
M+SD/ N (%) M+SD/ N (%)

Neurocognitive Outcomesa N¼ 37 N¼ 11
IQ 98.4+14.93 85.6+14.75 12.8 (2.4, 23.2) .02
Working Memory 98.5+14.23 84.8+14.81 13.7 (3.8, 23.6) .008
Processing Speed 88.4+12.66 86.0+11.08 2.4 (26.1, 10.9) .57

Psychological Outcomesb N¼ 47 N¼ 18
Internalizing Problems 54.0+10.68 58.2+13.27 24.2 (210.5, 2.1) .19
Externalizing Problems 46.4+9.47 59.8+11.87 213.4 (219.0, 27.8) ,.001
Social Problems 58.0+7.96 64.0+9.6 26.0 (210.7, 21.3) .01

Demographics N¼ 51 N¼ 19
Male sex 26 (51.0%) 13 (68.4%) 217.4% (11.1, 40.4) .19
Age 11.9+3.61 10.7+3.56 1.2 (20.7, 3.1) .24

Medical Variables N¼ 51 N¼ 19
Brain Tumor diagnosis 34 (66.7%) 13 (68.4%) 21.7% (226.0, 25.0) .10
Age at Diagnosis (years) 5.9+3.48 4.6+3.48 1.3 (20.6, 3.2) .18
Years off Treatment 4.1+2.62 4.6+3.47 20.5 (22.0, 1.0) .53
Cranial Radiation 25 (49.0%) 8 (42.1%) 6.9% (220.8, 32.3) .61

Abbreviations: ADHD, attention deficit/hyperactivity disorder; DMS-IV, Diagnostic and Statistical Manual of Mental Disorders, 4th Edition.
aStandard Scores: M¼ 100, SD¼ 15.
bT-scores: M¼ 50, SD¼ 10.
*Participants meeting diagnostic criteria based on questionnaire data. DSM-IV criteria require presence of at least 6 symptoms.
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in our sample. Unfortunately, there is a lack of validated rating
scales that measure impairments related to processing speed,
and thus this is likely to be a domain that is difficult to evaluate
without performance-based testing.

Results presented here should be considered in light of limita-
tions. As noted above, our sample of 70 survivors was
clinic-referred and thus may reflect children with greater neuro-
cognitive and psychosocial difficulties than those who do not pre-
sent for evaluation. This may be the most likely explanation for
the different percentages of children meeting symptom criteria
in our sample as compared with Kahalley32 and Krull33 (26%–
27% vs. 9%–10%). With that said, it is relevant to examine atten-
tional symptoms in children who are presenting with problems as
well as those who are not demonstrating difficulties. Relatedly,
our sample was drawn from a clinically derived database of pa-
tients referred for evaluation. As such, assessment batteries
were determined based on clinical need rather than to answers
empirical research questions. Therefore, we were limited in the
measures that were available to us, and there were differences
in sample size across various measures. Finally, we included a
very heterogeneous sample of survivors of both ALL and brain tu-
mors. This limited our ability to examine the association between
ADHD symptoms and numerous medical and treatment variables
unique to survivors of brain tumors (eg, tumor location, presence
of hydrocephalus, radiation dose, and type).

In conclusion, despite some shortcomings, the DSM-IV symp-
toms of ADHD-In provide a mechanism for screening survivors
of CNS-impacting cancers for deficits that may indicate the
need for a comprehensive neuropsychological evaluation. Specif-
ically, given the financial constraints of many families, the often

inadequate insurance coverage for evaluations, and the limited
availability of pediatric neuropsychology providers in many com-
munities, the burden may be on physicians to justify the necessity
of comprehensive evaluations for individual patients. The utility of
screening instruments becomes more salient in this context.
ADHD symptom inventories are easily and freely accessible on-
line55 and are familiar to most professionals, including nurses
and physicians. Parents could complete ratings of the 18
DSM-IV ADHD symptoms in a waiting-room setting, and a symp-
tom count could be ascertained in less than a minute by clinic
staff. Such measures could thus be feasibly given to all patients
during routine medical appointments, and then referrals could
be made for comprehensive evaluations based on the results.
This may also have research implications, particularly for large,
cooperative group studies, in which collection of performance-
based neuropsychological measures can be problematic.56 Fur-
ther studies are needed to empirically and prospectively validate
our finding that ADHD-In criteria distinguish between 2 differing
neurocognitive and psychological profiles in survivors of
CNS-impacting cancer. Future work should also address whether
or not broadband screening measures, which include items eval-
uating both ADHD-In symptoms and a wider range of externaliz-
ing, internalizing, academic, and social functioning, may do an
even better job of predicting those survivors who will manifest
performance-based neurocognitive deficits and clinically signifi-
cant mental health problems. Ultimately, while the DSM-IV
ADHD-In profile does not capture all of the strengths and weak-
nesses typically seen in survivors of brain tumors and ALL, it may
help clinicians make more efficient decisions about the need for
clinical referrals.

Table 4. Sensitivity, specificity, positive predictive power and negative predictive power associated with using attention deficit/hyperactivity disorder
symptoms to predict rates of neuropsychological dysfunction

Without ADHD
Symptoms*

With ADHD
Symptoms*

Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI)

N (%) N (%)

Neurocognitive Outcome
Full Scale IQa , 85 9 (18.0) 6 (33.3) 40.0% (17.4–67.1) 77.4% (63.4–87.3) 33.3% (14.4–58.9) 82.0% (68.1–90.1)
Working Memory
Indexa , 85

7 (18.9) 4 (33.3) 36.4% (12.4–68.4) 78.9% (62.2–89.9) 33.3% (11.3–64.6) 81.1% (64.3–91.5)

Processing Speed
Indexa , 85

14 (35.0) 5 (45.4) 26.3% (10.1–51.4) 81.3% (63.0–92.1) 45.5% (18.1–75.4) 65.0% (48.3–78.9)

Psychological Outcome
Internalizing
Symptomsb T ≥ 64

8 (17.0) 8 (44.4) 50.0% (25.5–75.4) 79.6% (65.2–89.3) 44.4% (22.4–68.6) 83.0% (68.6–91.9)

Externalizing
Symptomsb T ≥ 64

4 (8.5) 9 (50.0) 69.2% (38.9–89.6) 82.7% (69.2–91.3) 50.0% (26.7–73.2) 91.5% (78.7–97.2)

Social Problemsb

T ≥ 70
5 (10.6) 4 (22.2) 44.4% (15.3–77.3) 75.0% (61.4–85.2) 22.2% (7.3–48.1) 89.4% (76.1–96.0)

Abbreviations: ADHD, attention deficit/hyperactivity disorder; NPV, negative predictive power; PPV,positive predictive power
*Number of participants meeting diagnostic criteria based on questionnaire data. DSM-IV criteria require presence of at least 6 symptoms.
aWechsler IQ and Index scores have a mean of 100 and SD of 15. Frequencies presented are the number of participants with scores 1 SD or lower than
the mean.
bChild Behavior Checklist Scores have a mean of 50 and SD of 10. Frequencies presented are the number of participants with T scores at or above the
recommended clinical cutoff of 64 (Internalizing and Externalizing symptoms) or 70 (Social Problems).
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45. Özyurt J, Thiel CM, Lorenzen A, et al. Neuropsychological outcome in
patients with childhood craniopharyngioma and hypothalamic
involvement. J Pediatr. 2014;164(4):876–881.

46. Spiegler BJ, Bouffet E, Greenberg ML, et al. Change in neurocognitive
functioning after treatment with cranial radiation in childhood. J Clin
Oncol. 2004;22(4):706–713.

47. Caron JE, Krull KR, Hockenberry M, et al. Oxidative stress
and executive function in children receiving chemotherapy for
acute lymphoblastic leukemia. Pediatr Blood Cancer. 2009;53(4):
551–556.

48. Robinson KE, Pearson MM, Cannistraci CJ, et al. Neuroimaging
of executive function in survivors of pediatric brain tumors and
healthy controls. Neuropsychology. 2014;28(5):791–800.

49. Kahalley LS, Conklin HM, Tyc VL, et al. Slower processing speed after
treatment for pediatric brain tumor and acute lymphoblastic
leukemia. Psychooncology. 2013;22(9):1979–1986.

50. Butler RW, Mulhern RK. Neurocognitive interventions for children and
adolescents surviving cancer. J Pediatr Psychol. 2005;30(1):65–78.

51. Hardy KK, Willard VW, Allen TM, et al. Working memory training in
survivors of pediatric cancer: A randomized pilot study.
Psychooncology. 2013;22(8):1856–1865.

52. Kesler SR, Lacayo NJ, Booil J. A pilot study of an online cognitive
rehabilitation program for executive function skills in children with
cancer-related brain injury. Brain Inj. 2011;25(1):101–112.

53. Mulhern RK, Khan RB, Kaplan S, et al. Short-term efficacy of
methylphenidate: A randomized, double-blind, placebo-controlled
trial among survivors of childhood cancer. J Clin Oncol. 2004;
22(23):4795–4803.

54. Castellino SM, Tooze JA, Flowers L, et al. Toxicity and efficacy of the
acetylcholinesterase (AChe) inhibitor donepezil in childhood brain
tumor survivors: A pilot study. Pediatr Blood Cancer. 2012;59(3):
540–547.

55. American Academy of Child and Adolescent Psychiatry.
ADHD Resource Center. 2013.; http://www.aacap.org/AACAP/
Families_and_Youth/Resource_Centers/ADHD_Resource_Center/
Home.aspx. Accessed February 18, 2014, 2014.

56. Embry L, Annett RD, Kunin-Batson A, et al. Implementation of
multi-site neurocognitive assessments within a pediatric
cooperative group: Can it be done? Pediatr Blood Cancer. 2012;
59(3):536–539.

Hardy et al.: Attention screening in survivors of pediatric cancer

Neuro-Oncology Practice 39

http://www.aacap.org/AACAP/Families_and_Youth/Resource_Centers/ADHD_Resource_Center/Home.aspx
http://www.aacap.org/AACAP/Families_and_Youth/Resource_Centers/ADHD_Resource_Center/Home.aspx
http://www.aacap.org/AACAP/Families_and_Youth/Resource_Centers/ADHD_Resource_Center/Home.aspx
http://www.aacap.org/AACAP/Families_and_Youth/Resource_Centers/ADHD_Resource_Center/Home.aspx
http://www.aacap.org/AACAP/Families_and_Youth/Resource_Centers/ADHD_Resource_Center/Home.aspx


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


