
Neurobehavioral Side Effects of Corticosteroids During Active
Treatment for Acute Lymphoblastic Leukemia in Children are
Age-Dependent: Report from Dana-Farber Cancer Institute ALL
Consortium Protocol 00-01

Christine M. Mrakotsky, PhD1,2, Lewis B. Silverman, MD2,3,4, Suzanne E. Dahlberg, PhD5,
M. Cheryl A. Alyman, PhD6, Stephen A. Sands, PsyD7, Jennifer T. Queally, PhD1,2, Tamara
P. Miller, MD8, Amy Cranston, BA6, Donna S. Neuberg, PhD5, Stephen E. Sallan, MD2,3,4,
and Deborah P. Waber, PhD1,2

1Division of Psychology, Department of Psychiatry, Children’s Hospital Boston, Boston, MA
2Departments of Psychiatry and Pediatrics, Harvard Medical School, Boston, MA
3Divisions of Hematology and Oncology, Department of Medicine, Children’s Hospital Boston,
Boston, MA
4Department of Pediatric Oncology, Dana-Farber Cancer Institute, Boston, MA
5Department of Biostatistics, and Computational Biology, Dana-Farber Cancer Institute, Boston,
MA
6Division of Pediatric Hematology/Oncology, McMaster University Medical Center, Hamilton,
Ontario
7Departments of Pediatrics and Psychiatry, Columbia College of Physicians and Surgeons, New
York, NY
8The Children’s Hospital of Philadelphia, Philadelphia, PA

Abstract
Background—Although corticosteroids remain a mainstay of treatment for acute lymphoblastic
leukemia (ALL), they can cause troublesome neurobehavioral changes during active treatment,
especially in young children. We evaluated acute neurobehavioral side effects of corticosteroid
therapy in preschool versus school-age children by obtaining structured reports weekly for one
month.

Procedure—Parents of 62 children (2 to 17 years at diagnosis) treated on Dana-Farber Cancer
Institute (DFCI) ALL Consortium Protocol 00-01 participated during the continuation phase of
treatment. Patients received cyclical twice-daily 5-day courses of prednisone (40 mg/m2/day) or
dexamethasone (6 mg/m2/day). Parents completed behavior rating scales about their child weekly
during one steroid cycle [baseline (Day 0), active steroid (Day 7), post-steroid (Days 14 and 21)].

Results—Behavioral side effects increased significantly (p < .001) during the steroid week for
preschool children (< 6 years) on measures of emotional control, mood, behavior regulation, and
executive functions, returning to baseline during the two ‘off-steroid’ weeks. In contrast, school-
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age children (≥ 6 years) did not demonstrate an increase in side effects during the steroid week.
Steroid type (prednisone vs. dexamethasone) was not a significant predictor of neurobehavioral
side effects.

Conclusions—Preschool children are at greater risk for neurobehavioral side effects during
active steroid treatment for ALL than school age children and adolescents. Dexamethasone was
not associated with more neurobehavioral side effects than prednisone. Counseling of families
about side-effects should be adapted according to age. The observed effects, moreover, were
transient, reducing concerns about longer-term neurobehavioral toxicities.
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INTRODUCTION
Systemic corticosteroids, typically administered in the form of prednisone or
dexamethasone, are an essential component of successful leukemia therapy. Despite their
effective anti-leukemia properties, their potential impact on brain function has been a long-
standing concern. In low concentrations, corticosteroids are necessary for regulation of
neuronal metabolism; however, increased levels, especially when prolonged, can have
neurotoxic effects [1–3]. This is particularly true for brain regions with increased steroid
receptor density (i.e., hippocampal and frontal regions), which are associated with mood,
behavior regulation, and memory.

In fact, children treated with corticosteroids for various medical conditions can display
behavioral side-effects, including frequent mood swings, increased irritability, depression
and anxiety, and problems with behavioral control, aggression and attention during active
therapy [4–10]. Various case reports and studies based on small samples suggest that the
severity of these side effects depends on the sex and age of the child. Girls may be more
vulnerable than boys [5,6], and preschool age children more vulnerable than older children
[11–15]. Interpretability of relevant studies is constrained, however, by various
methodological limitations, including small sample sizes, lack of repeated measures designs,
or insensitivity of instruments.

Steroid preparation may also be relevant. Acute lymphoblastic leukemia (ALL) treatment
protocols are increasingly shifting from prednisone (PRED) to dexamethasone (DEX)
because of dexamethasone’s greater therapeutic efficacy [16–18], but its superior CNS
penetration has raised concerns about increased potential for neurotoxicity. One of the few
behavioral studies based on randomization to DEX vs. PRED, did not find differences in
health-related QOL or behavior between these two steroid preparations during active
treatment [19]; however, literature on steroid comparisons is just emerging.

In the present study, we used standardized behavioral questionnaires to evaluate whether
preschool-age children experienced more behavioral symptoms than school-age children
during active treatment in the context of a prospective off-on-off steroid repeated measures
design implemented during the continuation phase of therapy. The behavioral assessments
were focused on children’s regulation of cognition, behavior and emotion (executive
functioning). The study design allowed us to query not only whether steroid treatment was
associated with acute behavioral disturbance, but also whether cyclic administration of
steroids results in persisting adverse effects on behavior. The latter would be indicated by an
incomplete return to baseline at the end of a cycle. Finally, a secondary objective of the
study was to explore whether DEX was associated with more significant side effects than
PRED.
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METHODS
Treatment Protocols

This behavioral study was integrated with Dana-Farber Cancer Institute (DFCI) ALL
Consortium Protocol 00-01, which consisted of Induction (4 weeks), Central Nervous
System therapy (3 weeks), Intensification (30 weeks) and Continuation therapy (74 weeks).
The overall DFCI protocol included a randomization to DEX or PRED as the steroid
component of Intensification as well as Continuation therapy. A second randomization
specified individualized versus conventional asparaginase dosing [20]. Although participants
were not recruited for this behavioral study based on the steroid randomization, only patients
who were participating in the randomization were eligible; those directly assigned to
prednisone were ineligible.

Continuation therapy included 3-week cycles of either PRED (40 mg/m2/day twice a day for
5 days during the first week of the cycle) or DEX (6 mg/m2/day twice a day for 5 days
during the first week) for Standard Risk (SR) and High Risk (HR) patients. During the first
week of each steroid cycle, additional therapeutic agents included a single dose of
vincristine, daily doses of 6-mercaptopurine (6-MP) and methotrexate (MTX), during the
second week 6-MP and MTX, and during the third week MTX only. During the first 6
months of Continuation therapy, intrathecal (IT) chemotherapy was administered every 9
weeks to SR patients and every 18 weeks to HR patients. During the last 12 months of
Continuation, both groups received IT chemotherapy every 18 weeks.

Patients
Between February 2003 and March 2006, 62 parents of patients aged 2 to 17 years at
diagnosis participated in the study during their child’s Continuation phase of treatment.
Parents of children already enrolled in DFCI ALL Consortium Protocol 00-01 were
approached about this study by mail prior to their child's routine clinic visit at the end of
Intensification or beginning of Continuation treatment to be enrolled for one steroid cycle
during Continuation. Interested families were then contacted by phone or during their child’s
clinic visit to screen for eligibility, obtain consent, and administer questionnaires. Families
were recruited from three out of ten DFCI Consortium sites: the Dana-Farber Cancer
Institute, McMaster University Medical Center and Columbia University. The local
institutional human investigations committees at each participating site approved the study.
Informed consent was obtained from each parent participant prior to starting the study.

Exclusion criteria for this behavioral study included: (1) parent lacking sixth grade literacy
in English (determined through screening of highest parental education); (2) patient history
of a CNS disorder (e.g., brain tumor, head injury), prolonged steroid use unrelated to ALL
therapy (e.g. asthma treatment), and/or pre-existing significant developmental or behavioral/
emotional disorder; and (3) patient not participating in the steroid randomization due to
parental decline.

Sixty-two families were recruited to the study. Of these, two were subsequently excluded
from analysis because the parent had declined the steroid randomization and the child was
therefore directly assigned to prednisone, leaving a final N = 60. A total of 424 out of the
498 enrolled families (or 85.9%) had consented to the steroid randomization on DFCI
Consortium ALL protocol 00-01.

Neurobehavioral Assessment
Behavioral ratings in the preschool (2 to < 6 years) and school age (≥ 6 to 17 years) groups
were assessed four times at weekly intervals during one 3-week steroid cycle. Parents
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completed two widely used and psychometrically valid child behavior rating scales, the
Child Behavior Checklist (CBCL) [21] and the Behavior Rating Inventory of Executive
Function (BRIEF) [22]. Both instruments provide separate age-appropriate versions for
preschool and school age children [21–24]. Since the item content of the questionnaires
differed by age group, the preschool and school age data needed to be analyzed in parallel,
rather than combined into a single analysis, even though many of the scales are comparable
across versions.

The data collection scheme for one steroid cycle is illustrated in Figure 1. Parents were
asked to complete the questionnaires at 4 weekly time points based on the child’s behaviors
observed during the week prior to each timepoint as follows: 1) during the clinic visit prior
to starting a week of steroid treatment about the previous week off steroids (baseline, Day
0); 2) per phone interview one week later after the child had completed the steroid course
about the week on steroids, (steroid week, Day 7); 3) per phone interview one week later
about the previous week off steroids (Day 14); and 4) at the return clinic visit two weeks
after end of steroid treatment about the previous week off steroids and before the start of the
next steroid dose (Day 21). Note that Day 21 represents the end point of one steroid cycle
and the beginning of the next steroid cycle. Although every attempt was made to adhere to
this schedule, the Day 7 and Day 14 data collections could have been off by one day for
some children because of difficulty scheduling phone calls. Regardless of whether
assessments occurred during a clinic visit or over the phone, parent ratings at all 4 time
points pertained to the child’s behavior in their natural home/school environment and are
thus deemed comparable between time points.

Statistical Analysis
Potential differences in demographic distributions between the two age groups were tested
using Fisher’s exact test. Since families were recruited to the study at various points during
Continuation therapy, the children would have been exposed to varying cumulative steroid
doses at the time of recruitment. Potential effects of cumulative steroid dose were assessed
by correlating (Spearman) duration of the randomized component of steroid therapy (time
elapsed in weeks from start of Intensification to first behavioral assessment) with behavioral
outcomes.

Repeated measures analyses of variance (ANOVA) were fitted to the composite scores of
the CBCL and BRIEF questionnaires to assess patterns of change across one steroid cycle.
Models were adjusted for Time (the 4 assessment time points) and Risk Group (Standard vs.
High Risk). Steroid randomization and sex were included in the initial models, but since
neither was a statistically significant predictor for any model, they were removed from
further analyses. These models were fitted separately for the preschool and school age
groups to the major composite scales provided by the questionnaires. In additional
exploratory analyses age was included as a linear covariate in repeated measures ANOVAs
within each age group. The 2-sided significance level was set at 0.05, with no adjustment for
multiple comparisons.

Secondary post-hoc analyses, based on the same repeated measures models, were carried out
for the 12 subscales, across both questionnaires, for the preschool sample only. These results
were adjusted for multiple comparisons by a Bonferroni correction (α = 0.05/12 = 0.00417).

RESULTS
Demographic characteristics of the sample are presented in Table I. Forty-five percent were
in the “school-age” (≥ 6 years) group, and 55% in the “preschool” (< 6 years) group. Steroid
randomization was evenly distributed between and within the two age groups. Although the
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majority of school-age patients were randomized to dexamethasone, this difference was not
statistically significant. All other baseline variables had similar distributions in both age
groups. Duration of post-induction randomized steroid therapy between the two age groups
was also comparable. For both groups, the median elapsed time from start of randomized
steroid therapy (during Intensification) to the first behavioral assessment (during
Continuation) was 55 weeks (Preschool range: 38 – 86 weeks, School-age range: 33 – 100
weeks).

Table II displays parameter estimates and significance levels for change from baseline in the
behavioral outcome scores at each time point for the two age groups (preschool vs. school-
age) separately. An explanation of how these parameter estimates can be interpreted is
provided in the legend of Tables II and III. For the preschool group, there was a main effect
of Time for all the composite scores. More specifically, the parameter estimates indicate
significant increases in behavioral problem ratings from Day 0 (baseline) to Day 7 (steroid
week) on all main composite scales for both CBCL (ps < 0.0001 to 0.0002) and BRIEF (ps
< 0.0001 to 0.013). The estimates on Day 14 or Day 21 did not differ from those on Day 0,
however, indicating that the level of behavior problems had returned to baseline post-
steroid.

Secondary analysis of subscales for the preschool group (Table III) documented significant
increases of behavioral problems during the steroid week (Day 7) on the Emotionally
Reactive (p = 0.0013) and Aggressive Behavior (p = 0.0002) subscales of the CBCL and the
Emotional Control (p < 0.0001) and Inhibition (p = 0.0007) subscales of the BRIEF, with
marginally significant increases of problems in Working Memory (p < 0.005). Elevations in
problem scores at Day 7 reached clinical significance for the Emotional Control and
Aggressive Behavior subscales, with estimated T scores falling in the “At Risk” range (T
scores > 60) (see Table III). Similar elevations were noted for Anxiety/Depression, although
only at trend-level. Again, no significant differences were found between scores at Day 0
and at Day 14 or Day 21, indicating a return to baseline when the children were off steroids.

For the school-age sample, the results were less clear. Although problem ratings did not
increase significantly between Day 1 and Day 7, there was an unanticipated and statistically
significant decrease in problem behaviors relative to baseline at Day 14 and Day 21 for all
composite scales (Table II). Another unexpected finding was that parents of standard-risk
patients endorsed significantly more problem behaviors than did parents of high-risk patients
of the same age (p < 0.05).

Although direct comparison between age groups was not possible, standardized problem
scores were consistently higher for preschool than school age children (see Figures 2 and 3).
Age as a linear covariate within each age group was a marginally significant predictor for
Internalizing Problems on the CBCL in the preschool group (p = 0.07) and for Externalizing
Problems in the school age group (p = 0.05) in uncorrected analyses, but otherwise not a
significant predictor.

Duration of steroid therapy (time elapsed from start of randomized steroid therapy to
behavioral assessment) was not correlated with behavior composite scores at baseline within
either age group (correlation coefficients ranged from −0.2 to 0.2). Similarly, duration of
steroid therapy was not associated with baseline behavior ratings within either risk group
(correlation coefficients ranged between -0.31 and 0.24). Thus, cumulative steroid dose did
not appear to influence the findings.
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DISCUSSION
This multi-site, prospective, repeated-measures study investigated whether the behavioral
response to active steroid treatment differs for preschool and school-age children during
treatment for ALL. Parents rated their children’s behavior using structured behavioral
questionnaires four times at weekly intervals spanning a single steroid cycle during
continuation therapy. Significant neurobehavioral changes were found during active steroid
treatment for the preschool children only. Their scores increased markedly relative to
baseline during the steroid week on measures of emotional control, mood, and behavior
regulation, with reported problems in a range of clinical significance, and to a lesser extent
emergent cognitive aspects of executive functions. The behavioral ratings returned to
baseline levels during off-steroid weeks. In contrast, these pronounced effects were not
detected among school-age children (≥ 6 years). The behavioral effects also did not differ
between children who had been randomized to dexamethasone or prednisone.

An earlier behavioral pilot study integrated with DFCI ALL Protocol 00-01, on a separate
sample of patients (N = 18) and based on selected subscales of the full behavioral
questionnaires, demonstrated the same pattern, that is, an elevation in behavioral symptoms
during the active treatment week and a pronounced response to steroids among preschool
but not school-age children [25]. The consistency of these findings on successive samples
provides confidence in the reliability of the age-related patterns reported here and is
consistent with prior accounts of greater behavioral vulnerability to steroids in younger
children during treatment [4,7,14,15]. Despite other treatment agents administered
concurrently with steroid therapy (i.e., 6 MP, MTX), the observed behavioral changes can
be confidently attributed to steroids, since these concurrent treatments were also
administered during off-steroid weeks, when behavior problems returned to baseline.

Although the school-age group did not exhibit the pronounced steroid effect seen in
preschool children, they did exhibit an unexpected finding: levels of problem behaviors
observed one to two weeks after the steroid week were significantly lower than baseline.
This finding is difficult to interpret and possibly random. Both age groups, however,
demonstrated a similar pattern of steroid response, with a higher level of behavioral
problems during the steroid week, albeit of a small magnitude and not statistically
significant in the school age group, and a decrease of symptoms to baseline level or lower
after treatment. These findings suggest that behavioral side-effects are less of a concern for
older children, whose problem ratings in general are lower than those of younger patients.

Our data provided no indication that children treated with dexamethasone experience more
significant behavioral side-effects than those treated with prednisone. These findings are
consistent with those of Eiser et al. [19], who also found no evidence of behavioral or
quality of life differences during treatment in children randomized to prednisone or
dexamethasone. Whether longer-term neuropsychological effects associated with
dexamethasone or prednisone exist remains to be determined. One recent late effects study,
however, found minimal or no cognitive differences between children randomized to
dexamethasone or prednisone [26]. We also did not find evidence for a cumulative effect of
steroids on behavior, with only small correlations between length of prior steroid treatment
and behavioral effects at time of assessment.

In contrast to some other studies [5,6], we found no evidence that behavioral side effects
were related to the sex of the child. Also, the data demonstrated somewhat paradoxically
that children treated for Standard Risk ALL showed more problem behaviors than those
treated for High Risk ALL for the school age children only. Because this result was
unexpected, particularly in the context of a 3-fold higher steroid dose for High Risk patients,
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it must be considered inconclusive; however, more frequent delivery of IT chemotherapy to
Standard Risk (every 9 weeks) than High Risk patients (every 18 weeks) during the first six
months of Continuation treatment could be contributory.

Our findings should be interpreted in the context of several potential considerations. First,
since parents could not be blinded to steroid therapy, they could have been biased to over-
report symptoms during the steroid week. If this were the case, however, parents of both age
groups should have exhibited this bias. Since steroid effects were minimal among school-
age children, it would be hard to attribute our findings for the preschool group primarily to
bias or expectation, although such bias could certainly have played a role. In addition,
because age-appropriate versions of behavior questionnaires naturally differ in the number
and content of items, we could not compare age groups directly, but were limited to
observing response patterns within age groups. Although age as linear covariate within each
age group suggested a trend for differential steroid effects on some behavioral variables, this
finding must be viewed tentative due to uneven age distributions within groups.

A major advantage of our study was the repeated measures design over the course of one
steroid cycle. More extended administration of repeated measures over several steroid cycles
would have been preferable, especially relative to the unexpected findings for the older
children. Yet weekly measurement during even one cycle provided a more reliable
understanding than data available from studies that did not use such a design (i.e., those
where repeated measures were intermittent over a long time period). In addition, since
baseline and end of cycle data points can be considered identical (the latter marking the
beginning of the next steroid cycle), measurement of change across the cycle serves as a
limited indicator of the potential for an increase of behavior problems over cumulative
cycles. Behavioral problems, however, returned to baseline post-steroid week. Moreover,
there was no apparent relationship between duration of randomized steroid treatment (used
as a proxy for cumulative steroids) and baseline ratings. These findings suggest that the
observed effects, while significant, are transient in nature. Our sample size was large enough
to reliably detect treatment related variation, given the magnitude of observed effects,
further contributing to confidence in the findings

Finally, to more clearly delineate any specific effects of steroids, we restricted the study to
the Continuation phase of treatment, when children were medically more stable and there
would be fewer side-effects of other components of therapy than during the Intensification
phase.

CONCLUSIONS
Our findings corroborate prior suggestions from the literature that steroid therapies are
associated with distinct neurobehavioral side-effects in children receiving therapy for ALL.
Moreover, we confirmed that young children are more vulnerable to these side-effects than
school age children. Why this age effect exists is unclear, but it most likely occurs because
regulatory brain systems are less well developed in younger children. Absent the regulatory
capacities mediated by these systems, young children might be more vulnerable to the
adverse effects of steroids on behavior and emotion

These findings have direct implications for counseling parents, which should take into
account the age of the child. Potential synergistic effects of corticosteroids administered in
combination with other treatment agents (i.e., methotrexate) [15] need to be more carefully
studied, especially for young children. Our data strongly suggest that the behavioral side-
effects of steroids are transient and likely to disappear post-treatment, decreasing any
concerns about longer-term or more permanent behavioral changes.
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Fig. 1.
Assessment Schedule During One Steroid Cycle of Continuation Therapy. Ratings were
completed at each time point for behaviors observed during the preceding week.
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Fig. 2.
1)Day 7 and Day 14 ratings were completed in clinic for the majority of patients enrolled at
McMaster University Medical Center.
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Fig. 3.
Childhood Behavior Checklist (CBCL) Total Problem Mean T Score and Confidence
Interval Across 4 Weekly Timepoints of One Steroid Cycle (Day 7 = steroid week).

Mrakotsky et al. Page 12

Pediatr Blood Cancer. Author manuscript; available in PMC 2012 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Mrakotsky et al. Page 13

Ta
bl

e 
I

Pa
tie

nt
 C

ha
ra

ct
er

is
tic

s 
fo

r 
Pr

es
ch

oo
l a

nd
 S

ch
oo

l-
A

ge
 S

am
pl

es

P
re

sc
ho

ol
(<

 6
 y

ea
rs

)
Sc

ho
ol

-A
ge

(≥
 6

 y
ea

rs
)

p-
va

lu
e

P
at

ie
nt

 C
ha

ra
ct

er
is

ti
c

N
o.

%
N

o.
%

N
o.

 o
f 

pa
tie

nt
s

33
55

27
45

-

Se
x

   
M

al
e

18
55

14
52

1.
0

   
Fe

m
al

e
15

45
13

48

R
is

k 
G

ro
up

   
St

an
da

rd
 R

is
k 

(S
R

)
25

75
16

59
0.

26

   
H

ig
h 

R
is

k 
(H

R
)

  8
24

11
41

St
er

oi
d 

R
an

do
m

iz
at

io
n

   
Pr

ed
ni

so
ne

15
45

10
37

0.
60

   
D

ex
am

et
ha

so
ne

18
55

17
63

A
ge

 a
t 

St
er

oi
d 

R
an

do
m

iz
at

io
n

   
M

ed
ia

n 
(y

ea
rs

)
  2

  7
-

   
R

an
ge

 (
ye

ar
s)

1–
5

4–
16

A
ge

 a
t 

A
ss

es
sm

en
t

   
M

ed
ia

n 
(y

ea
rs

)
  4

  8
-

   
R

an
ge

 (
ye

ar
s)

2–
5

6–
17

R
ac

e

   
W

hi
te

30
91

23
85

0.
17

   
B

la
ck

  0
  0

  3
11

   
A

si
an

  1
  3

  1
  4

   
M

or
e 

th
an

 o
ne

  2
  6

  0
  0

Pediatr Blood Cancer. Author manuscript; available in PMC 2012 September 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Mrakotsky et al. Page 14

P
re

sc
ho

ol
(<

 6
 y

ea
rs

)
Sc

ho
ol

-A
ge

(≥
 6

 y
ea

rs
)

p-
va

lu
e

P
at

ie
nt

 C
ha

ra
ct

er
is

ti
c

N
o.

%
N

o.
%

E
th

ni
ci

ty

   
H

is
pa

ni
c 

or
 L

at
in

o
  4

13
  1

  4
0.

26

   
N

on
-H

is
pa

ni
c

28
87

24
96

   
N

ot
 s

pe
ci

fi
ed

  1
  2

P
ar

en
t 

E
du

ca
ti

on
0.

76

   
A

ss
oc

ia
te

’s
 d

eg
re

e 
or

 h
ig

he
r

26
79

18
72

   
L

es
s 

th
an

 a
ss

oc
ia

te
’s

 d
eg

re
e

  7
21

  7
28

   
N

ot
 s

pe
ci

fi
ed

  0
  2

Pediatr Blood Cancer. Author manuscript; available in PMC 2012 September 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Mrakotsky et al. Page 15

Ta
bl

e 
II

E
st

im
at

ed
 B

as
el

in
e 

Sc
or

es
 a

nd
 P

ar
am

et
er

 E
st

im
at

es
 o

f 
C

ha
ng

e 
fr

om
 B

as
el

in
e 

in
 C

B
C

L
 a

nd
 B

R
IE

F 
C

om
po

si
te

 T
 S

co
re

s 
at

 E
ac

h 
T

im
e 

Po
in

t f
or

 P
re

sc
ho

ol
an

d 
Sc

ho
ol

 A
ge

 G
ro

up
s.

R
at

in
g 

Sc
al

e
A

ge
 G

ro
up

D
ay

 0
B

as
el

in
e

D
ay

 7
St

er
oi

d
D

ay
 1

4
O

ff
St

er
oi

d

D
ay

 2
1

O
ff

St
er

oi
d

H
R

C
B

C
L

 C
om

po
si

te
s

T
ot

al
 P

ro
bl

em
s

Pr
es

ch
oo

l
49

.4
2

7.
04

**
*

−
0.

08
−

2.
07

1.
73

Sc
ho

ol
 A

ge
52

.5
4

2.
84

−
5.

72
**

−
7.

28
**

*
−

6.
56

t

T
ot

al
 I

nt
er

na
liz

in
g

Pr
es

ch
oo

l
50

.3
0

6.
79

**
−

0.
15

−
1.

75
2.

99

Sc
ho

ol
 A

ge
57

.7
2

1.
91

−
6.

80
**

−
8.

83
**

*
−

7.
98

+

T
ot

al
 E

xt
er

na
liz

in
g

Pr
es

ch
oo

l
49

.2
4

6.
96

**
*

0.
42

−
1.

36
2.

67

Sc
ho

ol
 A

ge
52

.7
4

2.
02

−
3.

24
t

−
3.

47
*

−
8.

95
*

B
R

IE
F

 I
nd

ic
es

G
en

er
al

 E
xe

cu
tiv

e
Pr

es
ch

oo
l

46
.7

3
7.

34
**

−
0.

83
−

2.
06

2.
45

Sc
ho

ol
 A

ge
50

.0
7

0.
11

−
4.

11
*

−
4.

79
**

−
6.

34
+

M
et

ac
og

ni
tio

n
Pr

es
ch

oo
l

45
.9

5
3.

99
+

−
1.

30
−

1.
59

1.
81

Sc
ho

ol
 A

ge
49

.1
3

−
0.

33
−

4.
56

**
−

5.
13

**
−

5.
67

+

In
hi

bi
to

ry
 S

el
f

C
on

tr
ol

a
Pr

es
ch

oo
l

47
.6

2
10

.0
5*

**
0.

70
−

0.
67

3.
46

Fl
ex

ib
ili

ty
a

Pr
es

ch
oo

l
49

.3
7

8.
63

**
*

−
0.

24
−

1.
92

1.
12

B
eh

av
io

r

R
eg

ul
at

io
nb

Sc
ho

ol
 A

ge
50

.6
5

0.
96

−
3.

00
t

−
3.

75
*

−
4.

59

H
R

, H
ig

h 
R

is
k;

 C
B

C
L

, C
hi

ld
 B

eh
av

io
r 

C
he

ck
lis

t; 
B

R
IE

F,
 B

eh
av

io
r 

R
at

in
g 

In
ve

nt
or

y 
of

 E
xe

cu
tiv

e 
Fu

nc
tio

ns
.

**
* p 

≤ 
0.

00
01

;

**
p 

≤ 
0.

00
1;

* p 
≤ 

0.
01

;

Pediatr Blood Cancer. Author manuscript; available in PMC 2012 September 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Mrakotsky et al. Page 16
+ p 

≤ 
0.

05
;

t p 
≤0

.1
0.

a Sc
al

e 
on

ly
 in

 p
re

sc
ho

ol
 v

er
si

on
 o

f 
qu

es
tio

nn
ai

re
;

b Sc
al

e 
on

ly
 in

 s
ch

oo
l a

ge
 v

er
si

on
. S

ta
nd

ar
d 

R
is

k 
is

 r
ef

er
en

ce
 g

ro
up

; e
st

im
at

ed
 d

if
fe

re
nc

e 
(c

ol
la

ps
ed

 a
cr

os
s 

tim
e 

po
in

ts
) 

fo
r 

H
ig

h 
R

is
k 

di
sp

la
ye

d 
at

 r
ig

ht
. N

ot
e:

 T
he

 p
ar

am
et

er
 e

st
im

at
es

 c
an

 b
e 

us
ed

 to
es

tim
at

e 
sc

or
es

 o
f 

an
 in

di
vi

du
al

 w
ith

 s
pe

ci
fi

c 
ch

ar
ac

te
ri

st
ic

s.
 F

or
 e

xa
m

pl
e,

 f
or

 a
 p

re
sc

ho
ol

-a
ge

 S
ta

nd
ar

d 
R

is
k 

pa
tie

nt
, t

he
 b

as
el

in
e 

C
B

C
L

 T
ot

al
 P

ro
bl

em
 s

co
re

 is
 e

st
im

at
ed

 to
 b

e 
49

.4
2.

 T
hi

s 
sc

or
e 

is
es

tim
at

ed
 to

 in
cr

ea
se

 b
y 

7.
04

 p
oi

nt
s 

to
 5

6.
46

 a
t D

ay
 7

; a
t D

ay
 1

4,
 it

 is
 e

st
im

at
ed

 to
 d

ec
re

as
e 

0.
08

 p
oi

nt
s 

fr
om

 b
as

el
in

e 
to

 4
9.

34
. I

f 
th

e 
ch

ild
 is

 in
 th

e 
H

ig
h 

R
is

k 
gr

ou
p,

 s
co

re
s 

at
 e

ac
h 

tim
e 

po
in

t a
re

 e
st

im
at

ed
to

 in
cr

ea
se

 b
y 

1.
73

 p
oi

nt
s.

Pediatr Blood Cancer. Author manuscript; available in PMC 2012 September 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Mrakotsky et al. Page 17

Ta
bl

e 
III

E
st

im
at

ed
 B

as
el

in
e 

Sc
or

es
 a

nd
 P

ar
am

et
er

 E
st

im
at

es
 o

f 
C

ha
ng

e 
fr

om
 B

as
el

in
e 

in
 C

B
C

L
 a

nd
 B

R
IE

F 
Su

bs
ca

le
 T

-S
co

re
s 

at
 E

ac
h 

T
im

e 
Po

in
t f

or
 th

e
Pr

es
ch

oo
l G

ro
up

.

D
ay

 0
B

as
el

in
e

D
ay

 7
St

er
oi

d
D

ay
 1

4
O

ff
-

St
er

oi
d

D
ay

 2
1

O
ff

St
er

oi
d

H
R

C
B

C
L

 S
ub

sc
al

es

E
m

ot
io

na
lly

 R
ea

ct
iv

e
56

.1
1

4.
89

*
0.

16
−

1.
06

−
0.

21

A
nx

io
us

/D
ep

re
ss

ed
53

.4
0

3.
89

+
0.

38
−

0.
08

1.
93

So
m

at
ic

 C
om

pl
ai

nt
s

55
.9

4
2.

39
0.

71
−

1.
02

1.
44

W
ith

dr
aw

n
55

.0
1

2.
15

−
0.

20
−

0.
87

−
2.

00

Sl
ee

p 
Pr

ob
le

m
s

54
.7

9
3.

61
0.

42
−

0.
50

−
2.

18

A
tte

nt
io

n 
Pr

ob
le

m
s

51
.9

1
2.

37
+

0.
33

−
0.

39
0.

88

A
gg

re
ss

iv
e 

B
eh

av
io

r
55

.5
8

5.
47

**
−

1.
13

−
0.

37
2.

17

B
R

IE
F

 S
ub

sc
al

es

In
hi

bi
t

46
.1

4
6.

81
**

0.
31

−
0.

90
3.

67

Sh
if

t
48

.5
7

2.
43

−
2.

15
−

3.
42

−
0.

11

E
m

ot
io

na
l C

on
tr

ol
50

.1
2

13
.6

6*
**

2.
01

−
0.

17
3.

54

W
or

ki
ng

 M
em

or
y

45
.9

9
4.

65
+

−
1.

13
−

0.
96

1.
67

Pl
an

47
.5

1
2.

59
−

1.
40

−
2.

99
−

0.
97

H
R

, H
ig

h 
R

is
k;

 C
B

C
L

, C
hi

ld
 B

eh
av

io
r 

C
he

ck
lis

t; 
B

R
IE

F,
 B

eh
av

io
r 

R
at

in
g 

In
ve

nt
or

y 
of

 E
xe

cu
tiv

e 
Fu

nc
tio

ns
. B

on
fe

rr
on

i A
dj

us
te

d 
Si

gn
if

ic
an

ce
-L

ev
el

: p
 =

 0
.0

04
17

;

**
* p 

≤ 
0.

00
01

,

**
p 

≤ 
0.

00
1,

* p 
≤ 

0.
00

4,

+ p 
≤ 

0.
01

.

St
an

da
rd

 R
is

k 
is

 r
ef

er
en

ce
 g

ro
up

; e
st

im
at

ed
 d

if
fe

re
nc

e 
(c

ol
la

ps
ed

 a
cr

os
s 

tim
e 

po
in

ts
) 

fo
r 

H
ig

h 
R

is
k 

di
sp

la
ye

d 
at

 r
ig

ht
. N

ot
e:

 F
or

 e
xa

m
pl

e,
 f

or
 a

 p
re

sc
ho

ol
-a

ge
 S

ta
nd

ar
d 

R
is

k 
pa

tie
nt

, t
he

 b
as

el
in

e 
B

R
IE

F
E

m
ot

io
na

l C
on

tr
ol

 p
ro

bl
em

 s
co

re
 is

 e
st

im
at

ed
 to

 b
e 

50
.1

2.
 T

hi
s 

sc
or

e 
is

 e
st

im
at

ed
 to

 in
cr

ea
se

 b
y 

13
.6

6 
po

in
ts

 to
 6

3.
78

 a
t D

ay
 7

; a
t D

ay
 1

4,
 it

 is
 e

st
im

at
ed

 to
 in

cr
ea

se
 2

.0
1 

po
in

ts
 f

ro
m

 b
as

el
in

e 
to

 5
2.

13
 a

nd
de

cr
ea

se
 0

.1
7 

po
in

ts
 f

ro
m

 b
as

el
in

e 
to

 4
9.

95
 a

t D
ay

 2
1.

 I
f 

th
e 

ch
ild

 is
 in

 th
e 

H
ig

h 
R

is
k 

gr
ou

p,
 s

co
re

s 
at

 e
ac

h 
tim

e 
po

in
t a

re
 e

st
im

at
ed

 to
 in

cr
ea

se
 b

y 
3.

54
 p

oi
nt

s.

Pediatr Blood Cancer. Author manuscript; available in PMC 2012 September 01.


