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In previous clinical trials of childhood
acute lymphoblastic leukemia (ALL), dexa-
methasone resulted in higher event-free
survival rates than prednisone, presum-
ably due to greater central nervous sys-
tem penetration. Dexamethasone’s asso-
ciation with long-term neurocognitive
toxicity is unknown. In this multisite study,
we measured neurocognitive functioning
in 92 children with standard-risk ALL, 1 to
9.99 years at diagnosis, at a mean of 9.8
years after randomization to prednisone
(n � 41) or dexamethasone (n � 51) on
Children’s Cancer Group (CCG) 1922. No

significant overall differences in mean
neurocognitive and academic perfor-
mance scores were found between the
prednisone and dexamethasone groups
after adjusting for age, sex, and time
since diagnosis. The exception was that
patients receiving dexamethasone scored
one-third of a standard deviation worse
on word reading (98.8 � 1.7 vs
104.9 � 1.8; P � .02). There were no group
differences in the distribution of test
scores or the parents’ report of neuro-
logic complications, psychotropic drug
use, and special education. Further analy-

ses suggested for the dexamethasone
group, older age of diagnosis was associ-
ated with worse neurocognitive function-
ing; for the prednisone group, younger
age at diagnosis was associated with
worse functioning. In conclusion, our
study did not demonstrate any meaning-
ful differences in long-term cognitive func-
tioning of childhood ALL patients based
on corticosteroid randomization. This
study is registered with http://www.
clinicaltrials.gov under NCT00085176.
(Blood. 2009;114:1746-1752)

Introduction

Corticosteroids have long been recognized as an important compo-
nent of therapy for childhood acute lymphoblastic leukemia (ALL).
More recently, randomized control clinical trials have established a
therapeutic benefit of dexamethasone over prednisone. In the
Children’s Cancer Group (CCG) 1922 trial of 1060 patients,
Bostrom et al concluded that patients randomized to dexametha-
sone had a 6-year event-free survival of 85% plus or minus 2%
compared with 77% plus or minus 2% for those randomized to
prednisone (P � .002).1 Patients randomized to dexamethasone
had a lower rate of both isolated central nervous system (CNS) and
bone marrow relapse. These results are consistent with those found
by most other cooperative groups.2-4 Dexamethasone’s therapeutic
advantage is thought to be, in part, due to its better CNS
penetration.5

The recently completed CCG 1991 trial reported event-free
survival rates approaching 90% and overall survival rates of
approximately 95% for standard-risk ALL patients, who were
nonrandomly treated with dexamethasone.6 Therefore, the effect
of different therapies on future quality of life has increasingly
been considered as a critical factor in the selection of optimal
treatment. Multiple previous studies of long-term survivors of
childhood ALL, even those who did not receive cranial radia-
tion,7-12 have identified deficits in neurocognitive function that

might impair quality of life. Among others, investigators have
consistently identified difficulties in attention, working memory,
processing speed, mathematics, and visual motor integration,
but the exact etiologic factors of these deficits have not yet been
established.

Studies in noncancer populations suggest that exposure to
corticosteroids contributes to cognitive difficulties. For example,
asthmatic children demonstrate diminished verbal memory during
short-term prednisone therapy13; neonates randomized to dexameth-
asone instead of placebo for lung disease of prematurity have lower
IQ and worse visual motor integration14; and healthy male volun-
teers on 10 days of hydrocortisone developed impairments in
visuospatial memory.15 Murine studies indicate that higher dexa-
methasone doses are associated with worse neurotoxicity.16 From
these observations, we questioned whether dexamethasone would
result in more long-term cognitive difficulties in leukemia patients
given its better CNS penetration.

Sex and age may moderate the neurobehavioral outcome after
brain injury. Females experience greater neurobehavioral deficits
after preventive cranial irradiation for ALL17 and after stroke in
sickle cell disease.18 Outcomes studies of children with cancer as
well as other conditions have suggested that younger children are
more vulnerable to the effects of insult on the brain,19-23 reflected
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by a greater magnitude of deficits and a slower rate of development
than children who experience an insult at a later age.

We evaluated neurocognitive functioning in patients previously
randomized to prednisone or dexamethasone on CCG 1922 study
from which Bostrom et al reported improved event-free survival
with dexamethasone.1 We hypothesize that (1) dexamethasone is
associated with greater neurocognitive impairment, especially in
processing speed, attention, memory, and visual motor integration,
and (2) younger age and female sex modify the association
between corticosteroid medication and neurocognitive functioning.

Methods

Study population

We conducted a cross-sectional study at limited institutions of patients
previously enrolled and randomized in CCG protocol 1922, which was
open between March 1993 and August 1995. This protocol consisted of a
2 � 2 factorial design in which patients with National Cancer Institute
standard-risk precursor-B ALL24 were assigned randomly to (1) either
prednisone or dexamethasone for the majority of therapy, and (2) either
intravenous or oral 6-mercaptopurine (6-MP). Either oral prednisone
40 mg/m2 per day or oral dexamethasone 6 mg/m2 per day was given for the
28 days of induction, 2 5-day pulses during consolidation, and monthly
5-day pulses during maintenance. Maintenance duration was 20 months for
girls and 32 months for boys. All patients received oral dexamethasone
10 mg/m2 per day for 21 days plus a 7-day taper during a single delayed
intensification. Further treatment details about this protocol have been
previously published.1

Patients were eligible for participation in the current neurocognitive
follow-up study if they were diagnosed and enrolled in CCG-1922 at one of
the 22 designated limited institution sites (listed in the supplemental
Appendix, available on the Blood website; see the Supplemental Materials
link at the top of the online article) and were in first remission. Participating
institutions were chosen based on the following criteria: availability of
neuropsychologic expertise, adequate research staff, and commitment to
enrolling patients for this study. An effort was made to include both
community and tertiary care programs from all major regions of the nation
to maximize ethnic and geographic diversity. Additional eligibility require-
ments included no history of CNS leukemia (and thus no cranial radiation),
1 year or longer since cessation of therapy, age at evaluation of 6 to
16.99 years, no history of pre-existing developmental disorders (eg, trisomy
21, developmental delay), and no history of very low birth weight
(� 1500 grams). The age restriction corresponded to the validated age
range of the standardized neuropsychologic instruments used in the
evaluation. In addition, individuals were excluded if they had been
nonrandomly assigned to more intensive therapy because of unfavorable
cytogenetic findings or a slow response after induction.

Two hundred nineteen patients were enrolled in the therapeutic study at
the participating sites and were confirmed to meet the inclusion and

exclusion criteria. Of these, 75 were lost to follow up and could not be
traced. Of the remaining 144 patients, 52 refused and 92 consented and
completed the entire evaluation. The 92 participants were similar to the
127 eligible nonparticipants in terms of age at diagnosis, elapsed time since
diagnosis, sex, and therapeutic randomizations (Table 1).

The institutional review board of each participating center as well as the
Yale University Human Investigation Committee approved the protocol and
study documents. Informed consent, and assent if indicated, was obtained
from all participants in accordance with the Declaration of Helsinki.

Measures

Participants underwent a comprehensive half-day neurocognitive assess-
ment supervised by a licensed psychologist. This evaluation was paid by
research funds and was at no cost to the patient. The test battery was based
on a previous CCG study, which successfully used previous editions of
almost all the same tests in a longitudinal study of the neurobehavioral
effects of therapy for intermediate-risk ALL.25 The neurocognitive function-
ing evaluation included, among others, the following tests: Wechsler
Intelligence Scale for Children–Fourth Edition (WISC-IV), Wechsler
Individual Achievement Test–Second Edition–Abbreviated (WIAT-II-A),
Beery Developmental Test of Visual Motor Integration, the Conners’
Continuous Performance Test II (CPT II), and the Children’s Memory Scale
(CMS). Table 2 details the subsets administered and the scores analyzed.

Parents of subjects completed a demographic and medical history survey.
Parents were asked about their marital status, education, and income. This
questionnaire confirmed that the child was developing normally before the ALL
diagnosis as an additional check of eligibility for this study. In addition, parents
were asked about neurologic events, special education services, and psychotropic
drug use during and after ALL therapy.

Data analysis

Characteristics such as age, sex, and therapy history were summarized and
compared between participants and nonparticipants using the t test and the
chi-square test to evaluate the potential for response bias. These characteris-
tics were also compared between those randomized to dexamethasone
versus prednisone to determine comparability of exposed groups. Multiple
linear regression was used to evaluate the difference between the corticoste-
roid groups in standardized scores for the neurocognitive outcomes with
adjustment for sex, age at diagnosis, and elapsed time since diagnosis. In
addition, the proportion of patients with standard scores worse than one
standard deviation below the norm was compared using chi-square test or
Fisher exact test.

Subgroup analyses were also conducted to determine whether the
differences in neurocognitive outcomes between treatment exposures were
modified by sex and/or age at diagnosis (� 3 years vs � 3 years). Adjusted
least squares means, adjusted for age and sex, and standard errors as well as
95% confidence intervals for differences in means are presented. Posthoc
analyses were conducted to assess the impact of the route of 6-MP on
neurocognitive functioning. Data were analyzed with the SAS software
package Version 9.1 (SAS Institute) with 2-sided tests at the .05 significance

Table 1. Comparison of participants to eligible nonparticipants

Participants,
n � 92

Eligible nonparticipants,
n � 127 P

Mean age at diagnosis, y (SD) 3.3 (1.2) 3.1 (1.1) .23

Mean years between diagnosis and start of the study (SD) 9.8 (0.6) 9.8 (0.6) .93

Sex, no. (%)

Female 51(55.4) 64 (50.4) .46

Male 41(44.6) 63 (49.6)

Corticosteroid therapy, no. (%)

Dexamethasone 51(55.4) 63 (49.6) .39

Prednisone 41(44.6) 64 (50.4)

6-Mercaptopurine therapy, no. (%)

Oral 47 (50.5) 69 (54.3) .64

Intravenous 45 (49.5) 58 (45.7)
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level. The data were analyzed by the biostatistics core of the Yale Center for
Clinical Investigation.

The total number of participants was adequate to address clinically
important differences as determined by sample size calculations based on
the 2 independent sample t test. The sample size of 51 and 41 patients in the
2 corticosteroid groups achieved a 80% power to detect a difference of 0.6
standard deviations between the 2 group means. For example, there was
adequate power to detect a difference of 9 points in full scale IQ.

Results

Participants

There were 92 subjects with neurobehavioral data available
for analysis. The participants of this study were similar to the
1060 patients enrolled in CCG 1922 in terms of sex, corticosteroid
randomization, and 6-MP randomization. However, the current
sample was younger at diagnosis (61% were between 2-4 years and
28% were between 4-10, compared with 43% and 49%, respec-

tively, in CCG 1922; P � .001) and slightly more likely to be white
(86% vs 77% in CCG 1922; P � .02).

Table 3 displays the characteristics of participants, stratified by
corticosteroid randomization. Patients in the different corticoste-
roid treatment groups were similar in terms of age, sex, elapsed
time since diagnosis, 6-MP randomization, and race/ethnicity
distribution. They also had similar socioeconomic status, as
indicated by the marital status, income, and education of the
primary caregiver.

The 6-MP treatment groups were equally distributed between
those randomized to prednisone and dexamethasone. Posthoc
analyses comparing neurocognitive performance between the oral
and intravenous 6-MP groups showed no differences for any of the
neurocognitive domains.

Performance on neurobehavioral instruments

Table 4 displays the least squares means of neurocognitive test
results among patients randomized to dexamethasone compared

Table 2. Neuropsychological evaluation

Neuropsychological domain Measure(s) Normative mean (SD)

Intelligence Wechsler Intelligence Scale for Children–Fourth Edition (WISC-IV): intelligence quotient 100 (15)

Academic achievement

Wechsler Individual Achievement Test–Second Edition–Abbreviated (WIAT II-A): reading,

spelling, math 100 (15)

Processing speed WISC-IV: processing speed index 100 (15)

Visual motor integration Beery Developmental Test of Visual Motor Integration–Fifth Edition (VMI) 100 (15)

Attention-concentration

Conners’ Continuous Performance Test II (CPT II): reaction time, omissions, commissions,

variability 50 (10)*

Memory

Children’s Memory Scale (CMS): general memory index score, visual immediate index score,

verbal immediate index score; Wechsler Intelligence Scale for Children–Fourth Edition

(WISC-IV): working memory index 100 (15)

*Higher scores indicate worse impairment.

Table 3. Characteristics of participants previously randomized to either dexamethasone or prednisone

Dexamethasone, n � 51 Prednisone, n � 41 P

Age at diagnosis, y, mean (SD) 3.4 (1.4) 3.2 (1.0) .70

Sex, no. (%)

Female 21 (41) 20 (49) .46

Male 30 (59) 21 (51)

Years between diagnosis and start of the study, mean (SD) 9.8 (0.5) 9.8 (0.6) .70

Race/ethnicity, no. (%)

White, non-Hispanic 44 (88.0) 33 (82.5) .46

Hispanic 1 (2) 3 (7.5)

Black, non-Hispanic 2 (4) 1 (2.5)

Mixed race and other 1 (2) 1 (2.5)

Asian 2 (4) 1 (2.5)

Native American 0 (0) 1 (2.5)

Marital status of primary caregiver, no. (%)

Married 44 (88) 35 (89.7) .999

Unmarried 6 (12) 4 (10.3)

Education of primary caregiver, no. (%)

High school or less 12 (28.0) 11 (27.5) .93

Some college 17 (34.0) 15 (37.5)

College degree or higher 19 (38.0) 14 (35.0)

Family income, no. (%)

Less than $50 000 11 (25.0) 12 (31.6) .67

$50 000-$79 999 12 (31.8) 9 (23.7)

$80 000 or more 19 (43.2) 17 (44.7)

6-Mercaptopurine therapy, no. (%)

Oral 23 (45.1) 24 (58.5) .20

Intravenous 28 (54.9) 17 (41.5)

Note that some participants declined to report marital status, education, and/or family income.
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with prednisone, adjusted for sex, age at diagnosis, and elapsed
time since diagnosis. Patients who received dexamethasone scored
6 points lower, or approximately one-third of a standard deviation,
on word reading (P � .02). Otherwise, the groups performed
similarly in tests of full scale IQ, attention-concentration, visual
motor integration, numeric operations, spelling, and memory
(including working memory).

The distribution of scores in the 2 treatment groups was then
examined by comparing the proportion of patients with standard-
ized scores at or worse than 1 standard deviation below the norm
(Table 5). Children randomized to dexamethasone were not more
likely to score below 1 SD from the normative mean in intelligence,
most scores of academic achievement, processing speed, attention/
concentration, and visual motor integration.

Interaction between corticosteroid preparation and patient
characteristics

The association of treatment with several measures of cognitive
functioning was modified by sex and age at diagnosis. Figures 1
and 2 display the statistically significant interactions. Figure 1
shows that the differences in processing speed between the
treatment groups were dependent on sex (P � .03). Girls receiving
prednisone had lower processing speed scores compared with those
who received dexamethasone. No treatment difference was ob-
served for boys. No sex differences were found in the association
between steroid preparation and the other measures of neurocogni-
tive outcomes.

Significant interactions with age were found for some domains
of neurocognitive functioning. For full scale IQ (P � .02), process-
ing speed index (P � .02), spelling (P � .02), and word reading

(P � .01), younger age at diagnosis was associated with better
performance among those who received dexamethasone. In con-
trast, younger age was associated with worse performance among
those who received prednisone. No steroid differences were found
for the other neurocognitive domains according to age at diagnosis.

Other measures of neurobehavioral status

The frequency of neurologic events, psychotropic drug use, and
special education services was similar in the dexamethasone and
prednisone groups both during and after ALL therapy, as reported
by parents. Of note, 16% (8/50) of patients who received dexameth-
asone reported receiving special education after ALL therapy,
compared with 5% (2/40) in the prednisone group, but the results
were not statistically significant (P � .18).

Discussion

No significant overall differences in neurocognitive and academic
performance were found between children with ALL treated with
prednisone versus dexamethasone in this multisite, cross-sectional
study. The exception was that patients who received dexametha-
sone scored slightly worse, approximately one-third of a standard
deviation, on a test of word reading. As a further confirmation of
these results, there was no difference in the parents’ report of
neurologic complications, psychotropic drug use, and special
education services between dexamethasone and prednisone. The
relationship between corticosteroid preparation and neurocognitive
outcomes, however, seemed to be modified by age at diagnosis and
sex. Our analyses appeared to indicate that for the dexamethasone

Table 4. Comparison of neurocognitive test scores between patients randomized to either dexamethasone or prednisone

Domain and
instrument/scale Dexamethasone, LS means (SE)* Prednisone, LS means (SE) Difference† (95% CI) P

Intelligence

WISC-IV full scale IQ 101.8 (1.7) 101.6 (1.9) 0.2 (�4.9-5.4) .94

Academic achievement

WIAT II-A

Word reading 98.8 (1.7) 104.9 (1.8) �6.0 (�11.0 to �1.0) .02‡

Numeric operations 100.6 (2.2) 100.6 (2.5) �0.1 (�6.8-6.6) .99

Spelling 100.5 (1.8) 104.5 (2.0) �4.0 (�9.6-1.6) .16

Processing speed

WISC-IV

Processing speed index 94.4 (1.8) 92.6 (1.9) 1.8 (�3.4-7.0) .50

Attention-concentration

CPT-II

Omissions 45.4 (0.8) 46.9 (0.9) �1.4 (�6.3-3.1) .25

Commissions 44.8 (1.6) 46.4 (1.8) �1.6 (6.3�3.1) .50

Reaction time 47.4 (1.5) 48.8 (1.6) �1.4 (�5.8-3.1) .54

Variability T-score 43.2 (1.2) 45.4 (1.2) �2.2 (�5.6-1.2) .21

Memory

CMS

Visual Immediate Index 105.6 (1.8) 103.0 (1.9) 2.5 (�2.8-7.9) .35

Verbal immediate index 106.0 (2.3) 102.8 (2.5) 3.2 (�3.2-10.1) .36

General memory index 109.4 (2.1) 106.0 (2.3) 3.3 (�2.9-9.5) .29

Working memory

WISC-IV

Working memory 98.2 (2.2) 101.3 (2.4) �3.0 (�9.4-3.3) .34

Visual motor integration

Visual motor integration 91.6 (1.7) 95.2 (1.8) �3.6 (�8.8-1.4) .15

Data are presented as least squares means obtained from multiple linear regression, adjusted for sex, age at diagnosis, and time elapsed since diagnosis.
*Least squares means (standard error).
†Difference in adjusted least squares means between dexamethasone and prednisone treatment groups.
‡Significant difference between dexamethasone and prednisone treatment groups at P�.05.
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group, older age of diagnosis is associated with worse IQ,
processing speed, spelling, and reading. In contrast for the pred-
nisone group, younger age at diagnosis is associated with worse
functioning.

The major advantage of our study was that the participants of
this report had been enrolled in a randomized control treatment
study. Thus, any potential adjuvant therapy or patient-related
confounders that could affect neurocognitive functioning would be
likely equally distributed between the treatment groups. All
participants were similar in terms of National Cancer Index
standard-risk status and lack of cranial radiation. Chemotherapy
exposures were identical except for the corticosteroid and 6-MP
randomization. To verify that 6-MP did not confound the associa-
tion between corticosteroid and neurocognitive functioning, we did
posthoc analyses comparing neurocognitive performance between
the oral and intravenous 6-MP groups. We found no differences for
any of the neurocognitive domains.

Limited published data are available regarding the relative
neurocognitive toxicity of dexamethasone versus prednisone. Waber
et al compared patients treated on previous ALL regimens that
included different corticosteroid preparations.26 They found greater
neurocognitive impairment in the dexamethasone group for memory,
reading comprehension, and mathematics. However, the dexameth-
asone group also had lower participation rates, younger age at
diagnosis, higher rates of cranial radiation (70% vs 50% in the
prednisone group), and lower educational attainment by the

parents. Cranial radiation is associated with more severe neurocog-
nitive impairment than that conferred by systemic and intrathecal
chemotherapy.20,27-29 As previously discussed, our study overcame
many of the limitations of the Waber et al study.26

Our overall results are consistent with smaller studies based on
patients with ALL.7,30 Buizer et al evaluated 36 children with ALL
with heterogeneous treatment and leukemia features 1 year after
completion of therapy, compared with patients treated for Wilms
tumor and to healthy children.7 This study found that dexametha-
sone treatment was not associated with greater attentional dysfunc-
tion than prednisone. Jansen et al30 followed 49 consecutive
children with ALL treated with dexamethasone, not prednisone,
longitudinally approximately 4 years after diagnosis. Patients had
neuropsychologic outcomes similar to a healthy noncancer compari-
son group.

Other studies found that patients who were younger at diagno-
sis12,25,31 or female12,29,32 had a higher risk of neurocognitive
impairments after ALL therapy. In our study, these patient sub-
groups were not consistently at higher risk for impairment across
certain domains of functioning. Female sex was associated with
worse processing speed for patients who received prednisone, but
not for other areas of neurocognitive functioning. Older age, not
younger age, was associated with several areas of comparative
cognitive and academic deficits among those who received dexa-
methasone. Deficits in these specific functions may be associated
with disruptions during critical periods of brain and functional
development. It is possible that functions that are emerging are
most at risk for disruption by a concurrent insult to the brain,34 and
the implicated functions clearly have their most critical develop-
ment beyond the fifth year in children. It is also possible that the
interactions were significant due to chance given that multiple
interactions were examined. Our study was not designed to explain
reasons for differences between corticosteroid preparations in
certain patient subgroups. These sex and age findings should be
examined in animal models and larger clinical studies.

Our results must be interpreted in the setting of several
observations. We enrolled only 92 of the eligible, traceable
127 patients at the participating institutions. However, the partici-
pants were similar to the nonparticipants in terms of age, sex,

WISC-IV: Processing Speed Index
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Figure 1. Sex-specific differences in processing speed between dexametha-
sone and prednisone. Interactions for other neurocognitive outcomes are not
displayed because they were not significant at P � .05. Data are presented as least
squares means (SE) from multiple linear regression adjusted for age at diagnosis and
time elapsed since diagnosis. The P value for interaction represents the test of
whether the magnitude of group differences was dependent on sex. Bracketed
P values represent sex-specific comparisons between dexamethasone and pred-
nisone.

Table 5. Proportion of patients with neurocognitive test scores 1 or
more standard deviation worse than the normative mean, stratified
by corticosteroid randomization

Domain and
instrument/scale

Dexamethasone
(%) Prednisone (%) P*

Intelligence

WISC-IV

Full scale IQ 4/51 (7.8) 2/41 (4.9) .69

Academic achievement

WIAT-IIA

Word reading 5/51 (9.8) 2/41 (4.9) .46

Numeric operations 8/51 (15.7) 7/41 (17.1) .86

Spelling 4/51 (7.8) 2/41 (4.9) .69

Processing speed

WISC-IV

Processing speed index 13/51 (25.5) 7/41 (17.1) .31

Attention-concentration

CPT-II†

Omissions 0/46 (0.0) 0/36 (0.0) NA

Commissions 19/46 (41.3) 9/36 (25.0) .12

Reaction time 14/46 (30.4) 9/36 (25.0) .59

Variability T-score 15/46 (32.6) 11/36 (30.6) .84

Memory

CMS†

Visual immediate index 2/46 (4.3) 2/38 (5.3) .999

Verbal immediate index 4/46 (8.7) 4/38 (10.5) .78

General memory index 2/46 (4.3) 3/38 (7.9) .65

Working memory

WISC-IV

Working memory 6/51 (11.8) 2/41 (4.9) .29

Visual motor integration

Beery

Visual motor integration 11/51 (21.6) 5/41 (12.0) .24

*Comparison between dexamethasone and prednisone groups.
†Ten patients (5 in dexamethasone, 5 in prednisone) did not complete the CPT-II.

Eight patients (5 in dexamethasone, 3 in prednisone) did not complete the CMS.
However the rates of completion were similar between the 2 groups for each of the
instruments.
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elapsed time since diagnosis, and most importantly, steroid random-
ization. All patients received oral dexamethasone 10 mg/m2 per day
for 21 days plus a 7-day taper during the single delayed intensifica-
tion, regardless of the corticosteroid randomization during induc-
tion, consolidation, and maintenance. Dexamethasone was given to
all study participants because this is the state-of-the-art method of
administering delayed intensification; CCG 1922 did not aim to test
a delayed intensification-related hypothesis. We would expect any
effect of the dexamethasone during delayed intensification to be
similar in the 2 steroid randomization groups because they were
administered identically. Furthermore, the corticosteroid random-
ization involves at least 128 additional days of therapy. We also
note that our study does not include data to address neurocognitive
impairment at higher dexamethasone doses than the 6 mg/m2

included in COG studies and many, but not all, other consortium
groups. We are aware that other studies, such as the St Jude Total
XV protocol,34 use dexamethasone pulses of 8 to 12 mg/m2.
Finally, the small difference in reading in the dexamethasone group
could have been due to chance since multiple comparisons were
tested.

We used a cross-sectional study design so causality between
treatment exposure and neurocognitive outcome can be inferred,
but not known with certainty. However, longitudinal prospective
studies are more expensive and difficult to complete with reason-
able sample sizes. Furthermore, they are often not feasible to
conduct in patients who are ill and/or receiving intensive therapy.
Neuropsychologic assessments administered at diagnosis in some

longitudinal studies have yielded lower than expected cognitive
performance scores.31,35 Longitudinal studies also introduce the
possibility of practice effect on testing in which general improve-
ment in performance occurs due to repeated testing.36

In conclusion, our study did not show any clinically meaningful
differences in cognitive functioning between patients previously
randomly assigned to prednisone or dexamethasone treatment.
These results provide no support for modifying steroid therapy for
ALL because of differential effects of steroid preparation on
neurocognitive outcome. There is substantial individual variation
in neurobehavioral outcome, however, and detailed investigations
of host/drug interactions must be conducted to further define the
source of this variation. We identified age at diagnosis and sex as
potential modifiers of outcome. As ALL leukemia survival rates
progressively increase, more studies assessing the burden of
therapy will be needed.
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