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COGNITIVE
CONSEQUENCES AND
CENTRAL NERVOUS

SYSTEM INJURY
FOLLOWING TREATMENT -
FOR CHILDHOOD I
LLEUKEMIA s

Ipa M. MOORE, KIMBERLY ANDREWS ESPY,
Paur KAUFMANN, JOEL KRAMER, KRIS KAEMINGEK,
PETRA MIKETOVA, NEVENA MOLLOVA, MARTA KASPAR,
ALICE PASVOGEL, KARL SCHRAM, WILLIAM WARA,
JOHN HUTTER, AND KATE MATTHAY

HE 5-YEAR relative survival rate from acute lym-

phoblastic leukemia (ALL) for children under 15

years of age is approximately 80%.12 The routine

use of central nervous system (CNS) therapy con-

tributed to the progress in long-term disease-free
survival by significantly reducing the incidence of meningeal leu-
kemia from 75% or 80% to less than 10%.> Whole brain radiation,
intrathecal chemotherapy, and high-dose systemic chemotherapy
are effective modalities for reducing the risk of meningeal relapse
and are therefore used as prophylactic CNS treatment.*

Despite the importance of prophylactic CNS treatment for long-
term disease-free survival, many children with ALL subsequently
experience declines in intellectual and academic skills. Whole
brain radiation has been most closely linked to CNS late effects>-21;
however, studies have shown that intrathecal chemotherapy and
high-dose systemic chemotherapy also are associated with specific
intellectual and academic deficits.1922-26 Declines in intellectual
and academic function are thought to be due to treatment-related
effects on nonmalignant cells in the CNS; however, the specific
mechanisms are not well understood. A variety of neuroimaging
and electrophysiologic methods have been used to investigate
white matter changes, cerebral calcifications and atrophy, perfu-
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sion defects, and abnormal glucose metabolism in
children with ALL who were undergoing or who
had completed CNS treatment with whole brain
radiation and/or intrathecal chemotherapy.27-3¢
Three of the five studies that included measures of
intellectual and academic function demonstrated
a relationship between CNS changes and func-
tional decline.29:31.32

The purpose of the first part of this research
program (referred to subsequently as study 1) was
to investigate membrane damage to nonmalignant
cells in the CNS and to determine the relationship
between membrane damage and intellectual and
academic abilities. The purpose of the second
component of the research program (study 2) was
to pilot test a math intervention for children with
ALL who had documented declines in their aca-
demic and arithmetic abilities.

Stupy 1: CELL MEMBRANE DAMAGE AND
INTELLECTUAL AND ACADEMIG ABILITIES

adiation and chemotherapy damage cell

membranes by activation of phospholipase
A,.37 Membrane damage may be an initial event
that precedes more obvious CNS changes, such as
loss of white matter, decreased perfusion, and
cerebral atrophy. Changes in cerebrospinal fluid
(CSF) phospholipid concentration reflect degrada-
tion of the lipid bilayer of cell membranes® and
may be useful as a marker of early CNS damage
and later declines in intellectual and academic
skills. Furthermore, CSF phospholipid composi-
tion is believed to reflect the exchange of lipids
between the lipoproteins of the CSF and the sur-
rounding brain tissue. The specific phospholipids
of interest were phosphatidylcholine (PC) and
sphingomyelin (SM) since they account for ap-
proximately 60% and 24%, respectively, of total
CSF phospholipids.?® It was hypothesized that in-
creased CSF PC + SM during ALL CNS treatment
would be negatively correlated with future intel-
lectual and academic abilities.

Materials and Methods

Subjects. Children with newly diagnosed ALL
were recruited from two childhood cancer treat-
ment centers. Consent was obtained from parents
or legal guardians and from children aged 7 years
or older. The total sample comprised 41 children.
Nine of the 41 children received whole brain ra-
diation in combination with intrathecal chemo-

therapy. This article reports on the 32 children
who received only intrathecal chemotherapy. Sev-
enteen subjects (53%) were male and 15 (47%)
were female; the mean age at the time of ALL
diagnosis was 73.11 * 46.79 months (range, 20 to
206 months). One child was diagnosed before the
age of 2 years. Sixteen subjects received treatment
according to Pediatric Oncology Group (POG)
protocols 8602, 9005, or 9006. Central nervous
system treatment was triple intrathecal chemo-
therapy with methotrexate (12 mg), cytosine ar-
abinoside (12 mg), and hydrocortisone (24 mg) for
children aged 2 to 9 years. Subjects aged 10 years
and older received methotrexate (15 mg), cyto-
sine arabinoside (30 mg), and hydrocortisone (30
mg). Intrathecal drug doses for the child who was
younger than 2 years were 10 mg, 10 mg, and 20
mg, respectively. Fourteen of the 16 subjects
treated with POG protocol regimens received six
(n = 11) or 12 (n = 3) cycles of systemic inter-
mediate-dose methotrexate (1 g/m?); two children
received 12 cycles of oral methotrexate (30 mg/m?
every 6 hours over 36 hours). Thirteen of the
other 16 subjects were treated according to Chil-
dren’s Cancer Group protocols 1881, 1891, or
1922. They received intrathecal methotrexate (12
mg) every 1 to 2 weeks during CNS prophylaxis
and then every 12 weeks for 2 to 3 years. Three
subjects were treated according to Children’s Can-
cer Group protocol 1901, receiving intrathecal
methotrexate (12 mg) weekly during consolida-
tion and then every 8 weeks during maintenance
therapy. These three children also received low-
dose systemic methotrexate (200 mg/m?) for 2 to
3 years. There was no significant difference in
maternal education between the triple intrathecal
chemotherapy group (13.93 = 2.02 years) and the
intrathecal methotrexate group (14.53 = 2.9
years; t = —.73, df = 27, P = .82).

Procedures

Cerebrospinal fluid phospholipids. One milli-
liter CSF was collected during routine lumbar
punctures for CNS treatment and evaluation of
CNS disease status during week 1 and week 6 of
ALL treatment. The collection of subsequent CSF
samples was determined by the child’s treatment
regimen. The remaining samples were collected
between weeks 12 and 16, weeks 20 and 25, weeks
40 and 44, weeks 52 and 56, weeks 78 and 82, and
weeks 96 and 110, as well as in week 140 for
children who received intrathecal methotrexate.
Samples were placed on ice and frozen at —80°C.
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Phospholipids were extracted from CSF samples
according to the method reported by Folch et al.40
Phospholipid standards (Sigma, St. Louis) and
CSF lipid extracts were separated on a model 338
Gold HPLC system (Beckman, San Ramon, CA)
and a prepacked silica column based on the
method reported by Chen and Chan.#! High-per-
formance liquid chromatography fractions from
patient samples were collected for confirmatory
analysis by fast atom bombardment mass spec-
trometry on a custom-built four-sector instrument
of BEBE geometry (AMD Intrectra, Harpstedt,
Germany). Structural confirmation of PC + SM by
fast atom bombardment mass spectrometry has
been previously reported® as well as coelution of
some SM molecular species in the PC fraction.38

Intellectual and academic abilities. Intel-
lectual abilities were assessed using the Wechsler
intelligence scale for children revised (WISC-R)42
for children aged 6 years and older and the
McCarthy scales of children’s abilities (MSCA)43
for children aged 5 years or younger. Relevant
indices from each test were combined to measure
abilities across the age span of subjects. The
WISC-R full scale IQ score and the MSCA general
intellectual index were used to measure overall
intellectual abilities (IQ). Verbal intellectual skills
were measured with the WISC-R verbal IQ and the
MSCA verbal scale index, whereas the WISC-R
performance IQ and the MSCA perceptual perfor-
mance scale index assessed nonverbal or perfor-
mance-based intellectual skills.

Academic achievement of children aged 5 years
and older was evaluated with the wide range
achievement test-revised (WRAT-R).#4 Standard
scores from the reading, spelling, and arithmetic
subtests were used. The MSCA number questions
subtest was used to assess emergent arithmetic
skills in children younger than 5 years; however,
pre-emergent reading and spelling skills could not
be estimated.

A pediatric neuropsychologist conducted the
assessment of intellectual and academic abilities.
The early assessment was completed approxi-
mately 7 months after the diagnosis of ALL (mean,
7.22 * 4.32 months) to minimize the influence of
fatigue, emotional distress, and hospitalizations
on intellectual and academic performance. The
late evaluation was conducted approximately 52
months after the diagnosis of ALL (mean, 52.85 +
8.39 months).

Data analysis. Descriptive statistics were
computed on the demographics, intellectual and

academic abilities, and GSF SM and PC + SM
variables. The mean CSF SM and PC + SM values
at week 1 were compared (t-test for matched
pairs) with mean values at subsequent weeks to
examine significant changes during the course of
ALL. Because of coelution of some SM molecular
species in the PC fraction, the concentration of
the combined PC + SM fraction and the SM frac-
tion alone were correlated with intellectual and
academic abilities. Intellectual and academic
scores from the early evaluation were correlated
with the increase in CSF SM and the combined
CSF PC + SM above baseline values at weeks 6
and 12 to 16. Scores from the late evaluation were
correlated with the increase in SM and PC + SM
above baseline levels at weeks 12 to 16 and weeks
40 to 44. Although the increase in CSF phospho-
lipid concentrations at weeks 96 to 104 were
elevated significantly in children receiving intra-
thecal methotrexate only, the phospholipids at
this time interval were correlated with late intel-
lectual and academic abilities to determine the
relationship of late CSF changes with outcome.
The two children in the triple intrathecal chemo-
therapy group who received 12 cycles of oral
methotrexate instead of intermediate-dose sys-
temic methotrexate were excluded from the cor-
relational analyses.

Results

The mean CSF PC + SM at week 1 was 1.19
pg/mL for the triple intrathecal chemotherapy
group and 1.21 ug/mL for the intrathecal metho-
trexate group. The concentration of the PC + SM
fraction increased in both groups from week 1
through weeks 96 to 110, with significant in-
creases at weeks 12 to 16 and weeks 40 to 44 for
both groups. Additionally, PC + SM increased
significantly at weeks 52 to 56 in the triple intra-
thecal chemotherapy group and at week 6 and
weeks 20 to 25 in the intrathecal methotrexate
group.

The mean CSF SM was 0.24 ug/mL and 0.28
pg/ml for the triple intrathecal chemotherapy
and intrathecal methotrexate groups, respec-
tively, at week 1; it was increased at all subse-
quent measurement intervals. Statistically signif-
icant increases were observed at week 6, weeks 12
to 16, weeks 20 to 25, and weeks 96 to 110 in the
intrathecal methotrexate group and at weeks 40 to
44 in the triple intrathecal chemotherapy group.
Table 1 summarizes the CSF SM and PC + SM by
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weelk of ALL treatment and by CNS treatment
group:

The mean overall intelligence, verbal intelli-
gence, and nonverbal intelligence were within the
average to above-average range at both evalua-
tions. Mean overall and verbal intelligence scores
were significantly higher in the intrathecal meth-
otrexate group than in the triple intrathecal che-
motherapy group at the baseline evaluation (P =
.05) but not at the late evaluation. Overall intel-
lectual and performance abilities increased in the
triple intrathecal chemotherapy group from the
early to late evaluation (P = .05).

The reading, spelling (for children aged 5 years
and older), and arithmetic mean scores were also
within the average range at the baseline evalua-
tion, and there were no significant differences
between the two groups. Performarice on arith-
metic- declined “an average of 9 standard: score
points in the intrathecal methotrexate group (P =
.05) and 10 standard score points in the triple
intrathecal chemotherapy group (P = .01). Table
2 summarizes the results of the intellectual and
academic »abilities- for: the two CNS: treatment
groups.

There were no significant negative correlations
between week 1 CSF phospholipids and baseline
scores:on measures of intellectual and academic
abilities: The increase over baseline levels of GSF
SM and PQ+ SMat week 6 and weeks 12 to 16

were negatively correlated with early intellectual
-and academic arithmetic in the triple intrathecal

chemotherapy group (r = —.11 to —.78). Most

correlations between early rintellectual  abilities
were also negatively correlated with SM or PG+
SM in the- intrathecal methotrexate group; how-
ever; the correlations were weaker than those in
the triple intrathecal chemotherapy group (r =
—.03 to —.50). Ten of the 11 significant correla-
tions bBetween CSF phospholipids:and early intel-
lectual and academic achievement scores were
found in the triple intrathecal group (Table 3).
The early increase in-CSF SM:and:PC -+ SM
were negatively correlated with late intellectual
and academic abilities in the triple intrathecal
chemotherapy group (r = —.41 to —.84). How-
ever; with the exception of academic arithmetic,
the -early - increase ' in phospholipids was: not
strongly correlated with intellectual and academic
abilities® in- the ‘iritrathecal ‘methotrexate group.
Eight of the nine significant correlations between
early increases in CSF phospholipids and late abil-
ities: were found ‘in the triple:intrathecal chemo-
therapy group.
The opposite pattern-was found with the late
increase in phospholipids. The late increase in:SM
was negatively correlated with all measures of
intellectual and academic abilities in the intrathe-
cal methotrexate group (r = —.69 to —.89), but
only with academic arithmetic in the triple intra-
thecal chemotherapy group. Eight of the nine sig-
nificant correlations oceurred in the intrathecal
methotrexate group. Table 4 summarizes the cor-
relations between GSF phospholipid concerntra:
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tions and the decline in intellectual and academic
abilities at the late evaluation.

Discussion

To our knowledge,; there are no previously re-
ported: studies:of changes. in-CSF.phospholipid
concentration in children with:ALL receiving in-
trathecal methotrexate or triple intrathecal:che-
motherapy. Alterations of membrane phospholip-
ids have been: previously related to inflammation;
edema; and ischemia inthe CNS:45:46.A significant
increasé in:the CSF phospholipids was :observed
during the: first: 3 months of ALL treatment that
persisted: through the first year of ALL treatment:

This finding suggests that increased concentra-
tions of CSF phospholipids may be a-measure of
the initial or acute phase in the pathogenesis of
CNS: injury. The CSF samples analyzed in- this
study were collected 1 to several weeks after the
previous intrathecal chemotherapy or systemic
intermediate-dose methotrexate treatment. There-
fore, it is likely that our data do not represent the
maximum increase in phospholipid concentration
in the CSF.

Fourteen of the 16 children treated on POG
protocols’ received ‘systemic - intermediate-dose
methotrexate (1 ¢/m?2) during the first year of ALL
treatment. Triple intrathecal chemotherapy was
coadministered during systemic therapy. Balis
and Poplack* report that CSF (methotrexate) of
0.2 to 0.3 pm are achieved after systemic: inter-
mediate-dose methotrexate; but coadministration
of intrathecal methotrexate raises the CSF (meth-
otrexate) to over 1 um.% Interestingly, baseline
intellectual and academic skills were related to
early CSF phospholipid concentrations primarily
in-the triple intrathecal chemotherapy group who
received dual systemic intermediaté-dose metho-
trexate and triple intrathecal therapies before the
baseline evaluation. Therefore; the administration
of dual therapies early in treatment may result in
earlier neurotoxicity - in..the  triple . intrathecal
group, which is primarily manifested in the early
assessment scores.

The concentration of CSF phospholipids during
thefirst’ year -of ALL- treatmerit was greater in
children who received-triple intrathecal chemo-
therapy, relative to those who receivedintrathecal
methotrexate. Therefore, membrane damage may
occur earlier in the triple intrathecal chemother-
apy group as evidenced by the significant negative
correlations with intellectual and academic abili-
ties at the:early evaluation. Improvement in IQ
scores may reflect some level of recovery and/or a
practice effect: ;

The administration of triple intrathecal chemo-
therapy with doses of systemic methotrexate of 1
g/m? or greater has been associated with grades 3
and-4 neurotoxicity.*? The: most-common: symp-
toms include generalized and focal neurologic sei-
ziires; two: thirds-of all seizures occurred after
completion of intensification with systemic inter-
mediate-dose methotrexate. - The investigators
concluded that repetitive doses of methotrexate at
1 ¢/m? may double the risk for neurotoxicity in
comparison to:low-dose methotrexate when com-
bined: with: triple intrathecal chemotherapy pro-
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phylaxis. It was not possible to: determine the
differential effects of triple intrathecal methotrex-
ate.and systemic intermediate-dose methotrexate
therapy in this study because 14 of the 16-children
treated on POG protocols received both.

Differences in-late intellectual and academic
seores among children were related to.CSF levels
of phospholipid concentrations. in. the: final: CSF
sample primarily in the intrathecal methotrexate
group.-It may be that neurotoxicity is slower to
accumulate with' this regimen and theoutcome
effects are not manifested until after therapy has
ended. :

The decline in-academic  achievement in.both
groups raises the possibility that subtle neurologic
sequelae are associated with CNS treatment regi-
mens that do not: include radiation. Performarnce
on tests of intelligence and academic achievement
requires the: integration -of “diverse: skills; from
attention and perception to judgment and plan-
ning.: Tests -of -intelligence « were -sensitive " to
changes :in: CSE phospholipid: concentrations in
children who received either chemotherapeutic
approach. Because multiple. discrete neuropsy-
chological «skills - determine - intellectual perfor:
mance,; these findings may represent markers for

specific areas of cognitive dysfunction.
The neurotoxic risks of intensive chemother-

apy, however, must be balanced with the antileu-
kemic efficacy of the regimen. Mahoney et al*®
reported findings from POG 9005 Early intensive
therapy with 12 courses :of intravenous: metho-
trexate (1 g/m? over 24 hours) followed by intra-
venous mercaptopurine (1 g/m? over 6 hours) was
more effective than low-dose methotrexate (30
mg/m? orally every 6 hours times six doses) fol-
lowed by intravenous mercaptopiirine for preven-
tion of relapse in B-precursor lower-risk ALL 48
Atrophy, leukoencephalopathy, calcifications,
white madtter change, and perfusion defects have
been described in children with ALL who were
undergoing or who. had: completed CNS. treat-
ment.282930.33° Across- studies, the incidence: of
morphologic. changes  was - approximately. 50%.
Hertzberg et al?? reported a relationship between
structural CNS changes and lower “scores- on
WISC-R subtests.-However; other: investigators
have failed to document significant correlations
between neuroimaging findings and intellectual or
academic abilities 282033 Slower reaction: times
and longer latency intervals, as measured by
event-related  potential, have been reported
among long-term survivors of childhood ALL:3124
Moderate negative correlations between the elec-
trophysiologic measures and neuropsychological
test scores (full seale IQ), performance IQ, aca-
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demic achievement, visuospatial, somatosensory,
motor, attention,  and- distractibility) -support
Moore et al's3! hypothesis that treatment regi-
mens-that include intense CNS treatment are as-
sociated with-intellectual sequelae and slowing of
cortical processing.

Several recent studies have investigated other
CSF markers - of -neurotoxicity associated - with
methotrexate: Surtees et al*® reported decreased
concentrations of S-adenosylmethionine and in-
creased concentrations of myelin basic protein
during presymptomatic CNS and late-intensifica-
tion: periods of treatment. S-adenosylmethionine
is.a universal methyl-donor critical for the single-
carbon transfer pathway and-important for main-
tenance of myelin. Findings were consistent with
the hypothesis:that methotrexate causes CNS: fo-
late deficiency; which ultimately causes subeclini-
cal demyelination:

Methotrexate also has been shown:to signifi-
cantly increase: the concentration ‘of homocys-
teine and ‘excitatory amino acids in €SF.30:Pa-
tients with neurologic toxicity at the time 'of CSF
sample collection had some of the highest.concen-

trations of homocysteine and excitatory amino
acids. Homocysteine is toxic to vascular endothe-
lium and promotes thrombosis formation, while
overexpression of excitatory -amino: acids may
cause neuronal injury and death.5* These findings
suggest” that vascular’ and neuronal injury also
may be involved in the pathogenesis of CNS tox-
icity. :

Limitations ~

This study is an initial attempt to measure
changes in CSF:phospholipids during ALL: treat-
ment and to correlate the concentration of CSF
phospholipids with intellectual and academic abil-
ities. Therefore; our findings are preliminary ‘and
warrant replication.- The sample comprised: chil-
dren treated on'several different Children’s Can-
cer Group or POG ALL protocols. Variability in
the CNS treatment regimen and in'the timing. of
CSF sample collection is a limitation. Differences
in correlations between: CSF phospholipids, ‘che-
motherapy protocols; ‘and intellectual and ‘aca-
demic abilities suggest that the:optimal time for
measuring CNS injury may vary by the specific




286 MOORE ET AL

treatment regimen. Additional studies with larger
and more homogeneous groups are needed to con-
firm our preliminary findings and to gain a more
precise understanding of the relationship between
changes in - CSF phospholipids and subsequent
intellectual and academic abilities.

The significant increase in CSF: phospholipids
during the first year of ALL treatment suggests
that data from the early evaluation may not be a
precise measure of baseline abilities, particularly
in'the triple intrathecal group who may show
earlier CNS injury. Assessment of intellectual and
academic abilities closer to the time of ALL diag-
nosis, before the initiation of intensive systemic
therapy, is ‘an imiportant consideration in future
studies.

Data on reading and spelling abilities in children
younger than 5 years were not obtained because
such skills are just emerging and the WRAT-R is
not ‘appropriate for administration. Measures of
pre-academic skills designed for use with younger
children wotild ‘help to investigate the develop-
mental differences with respect to CNS injury and
outcome in: children receiving CNS treatment for
ALL. Furthermore; the evaliation of discrete neu-
ropsychological abilities is éssential to isolate ‘the
specific areas of intellectual decline that may be
related to- GNS injury and-CSF phospholipids:

Conclusion ;

In summary, the results from this study provide
evidence that changes in GSF phospholipids may
be related. to differences in intellectual and aca-
demic outcomes. in: children ‘with ALL receiving
CNS treatment. Increased SM and PC + SM in
CSF samples were observed in children who were
receiving CNS treatment. The increased concen-
tration of these phospholipids was negatively cor-
related with some areas of intellectual and.aca-
demic ‘skills. early in the. course of treatment,
especially . for children: who were being. treated
with regimens that. included. triple  intrathecal
therapy, and later for those who received intra-
thecal methotrexate.. Therefore, membrane: in-
jury; as evidenced by an increase in CSF phospho-
lipid : concentrations; is thought to reflect acute
injury: The long-term effects of membrane injury
on the CNS are unknown. A greater understanding
of the biological mechanisms associated with GNS
injury is:essential to the development of pharma-

cologic and behavioral interventions designed to
minimize the adverse etfects of CNS treatment.

Stupy 2: Piot TEST OF A MATH
INTERVENTION

espite the substantial body of literature doc-
Dumenting the adverse -effects of- CNS. on
academic and occupational outcomes, there are
no reported studies of cognitive or academic
interventions for children:with leukemia. The
purpose of this study was to pilot test -a math
intervention  for children with ALL. who had
documented declines in academic  arithmetic
abilities and to obtain an estimate of the effect
size of a math intervention on academiic arith-
metic abilities.

Methods

Subjects. - The math intervention group in-
cluded eight subjects. Seven children completed
study 1 and had a decline in academic arith-
metic abilities as measured by the WRAT-R.#4
Six children received triple intrathecal chemo-
therapy and six (n = 5) or 12 (n = 1) doses of
intermediate-dose (1 ¢/m?) systemic methotrex-
ate according to POG protocols. One child re-
ceived whole brain radiation (24 Gy) inaddition
to intrathecal chemotherapy for CNS leukemia.
The subject who did not participate in study 1
received- intrathecal and systemic chemother-
apy.

A no-intervention  comparison - group was. in-
cluded to:determine whether children with ALL
who- did-not  receive the intervention: also- had
improvements in math achievement scores: This
group comprised seven- subjects who also com-
pleted study 1. All seven subjects received triple
intrathecal chemotherapy. Five subjects received
either 6. (n =4)or 12 (n: = 1) doses of interme-
diate-dose (1 g/m?) systemic methotrexate. Two
subjects received 12 cycles of oral methotrexate
(30 mg/m?).

Design. A two-grouplongitudinal nonexperi-
mental design was used. The math intervention
provided 40 to 50 hours of a skill-based ap-
proach: to teach math concepts: The specific
concepts and skills were individualized accord-
ing to each child’s abilities and academic place-
ment. Information on time devoted to specific
c¢oncepts and skills was recorded after each ses-
sion:»The no-intervention comparison group
was recruited for the final evaluation at a time
consistent with the postintervention evaluation
in the math intervention group.
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Academic arithmetic abilities were assessed in
study 1 at the early and late evaluations: Aca-
demic arithmetic abilities were measured by stan-
dard scores from the WRAT-R.4¢ The Woodcock-
Johnson revised - achievement. battery.. (WJ-R)51
was used to asseéss math abilities at the beginning
and end of the intervention. Alternative forms (A
and B) were used to minimize practice effects. The
WJ-R is standardized with normative data for in-
dividuals aged 5 years and older. Subtests that
yield ‘broad cluster: scores in mathematics were
used. Test-retest reliability coefficients of the in-
dividual subtests are 0.90 to 0.93.5! Math abilities
were assessed by the WJ-R in the no-intervention
comparison group at a time consistent with the
postintervention final evaluation (78 to 84 months
after ‘ALL diagnosis):

Data - analysis. Descriptive - statistics - were
computed on demographic variables. Fourteen of
the 15 subjects completed the early, late, and final
evaluations of arithmetic abilities: Therefore, data
from: these evaluations was used for statistical
analyses. Student’s. t-test' was used to compare
group differences on age at ALL diagnosis and
decline in academic arithmetic abilities from the
early to late evaluation. One-way ANOVA followed
by Student-Newman-Keuls multiple comparison
test was used to compare mean academic arith-
metic scores at the early, late, and final evalua-
tions in the math intervention and the compari-
son groups: Level of significance was set at v = .05
for all statistical procedures:

Results ;

The  math ‘intervention  group :included five
males and three fernales: The mean age at the time
of: ALL diagnosis: was 60.70. = 31.77 months.
There were five males and two. females in the
comparison group; the mean age at the time of
ALL diagnosis was 66.10 %= 5.95 months. The

mean age at the time of ALL diagnosis was not
significantly different between the two groups (t =
0.27; df = 12, P = .79).

Mean academic arithmetic scores at the early
evaluation were lower in the math intervention
group (mean; 92.3 = 8.19) than in the comparison
group (mean, 101.7 * 13.71), but the difference
was riot statistically significant (t = 1.63, df = 13,
P =:.12). Mean scores at the late evaluation de-
clined 17.4 * 5.95 standard score points in the
math intervention group and 17.7 = 11.51 in the
comparison group. The mean decline was not sig-
nificantly: different between the two groups (t =
~0.07;, df = 13, P = ..94).. Mean arithmetic
achievement scores at the early, late and final
evaluations for each. group. are presented. in Ta-
ble 5.

All subjects who received the math intervention
demonstrated an improvement in arithmetic abil-
ities from the late to the final evaluation (mean,
19.90 *.4.09). Results from the one-way: ANOVA
were statistically significant (F = 15.7;df = 2, P <
.0001). Post hoc analyses indicated significant dif-
ferences between the early and late evaluations
and between the late and final evaluations. There
was: no significant difference between: the early
and final evaluation. ,

Overall, a comparable increase in ‘arithmetic
abilities was not observed :in the comparison
group; however, two subjectsdid have improved
arithmetic- abilities at the final evaluation. Aca-
demic-arithmetic'scores remained stable (n = 2)
or declined (i = 3) in the:remaining subjects. A
significant effect was also found in the comparison
sroup (F = 6:68, df = 2, P.=.006); however, the
differences occurred between the early and late
evaluations and between the early and final eval-
uations.: Figure 1. illustrates significant pairwise
comparisons. in the intervention and comparison
groups.
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FIGURE 1. Mean math achievement scores by group

and evaluation. *Intervention group late evaluation mean
score significantly lower than ‘early and final evaluation
mean scores.. **No intervention group: late and final
mean scores significantly lower than early evaluation
mean score.

Academic arithmetic abilities declined approx-
imately 17 points in both groups over approxi-
mately 46 months. The WRAT-R and WJ-R stan-
dard:scores are: based on a mean of 100-and a
standard deviation of 13; therefore, the average
decline in arithmetic abilities in both groups rep-
resents a large effect size. Arithmetic abilities in-
creased a mean of 19.90 £ 4.09 standard score
points from the late to'the final evaluation in‘the
math intervention group. Using a° conservative
estimate, the math intervention had a moderate to
large effect onacademic arithmetic abilities:

Discussion

To our knowledge this is the first: report of an
intervention designed to improve arithmetic abil-
ities in children with ALL who received CNS treat-
ment. Preliminary findings from the eight subjects
suggest that the skill-based: tutorial approach was
an - effective method: for teaching math concepts
and improving math abilities. Remedial cognitive
interventions have been effective in children who
sustained a traumatic brain injury. Boyer and
Edwards32 documented measurable improvement
in education and cognitive function for up to'3
yedrs following a rehabilitation intervention in-
volving 220 children and adolescents with trau-
matic brain injury. The brain injury outpatient

program- at the Mayo Medical Center also-used a
cognitive - rehabilitation - approach for children
with traumatic brain injury: The intervention fo-
cused on establishing methods to compensate for
weakness. Results from this program also demon-
strated significant improvemernts in academic per-
formance and social skills.>?

Limitations

Despite the encouraging results from this pilot
study; there are several limitations: First; group
assignment was not random. Therefore, selec-
tion bias must be considered. It is also possible
that some children were receiving other forms
of educationial assistance: Another limitation is
the use of ‘two standardized measures of aca-
demic arithmetic abilities.; The WRAT-R was
used in study 1 while the WJ-R was used in the
pilot-intervention. The rationale: for using the
WIJ-R 'was the availability of ‘alternate forms to
minimize practice effects in the math interven-
tion: group.. While these two measures of aca-
demicrarithmetic are correlated, scores on the
final evaluation rof ‘academic arithmetic com-
pared with those from early and late evaluations
may be influenced to some extent by the use of
different instruments.

Conclusions

The findings from this pilot study are encout-
aging and ‘suggest that the math intervention
improved arithmetic-abilities in children: with
declines in this area of academic performance as
a‘result of CNS treatment for ALL.; The initial
estimate’ suggests -that ‘the intervention effect
size was at least moderate, and therefore has:the
potential to have a clinically significant impact
on academic late ‘effects. Additional  studies,
however; are needed to substantiate the results
reported: here. The intervention needs to be
tested: in a randomized study.involving a larger
sample of children to minimize threats to inter-
nal-validity, such- as selection bias and history.
Other factors: that ‘could influence academic
performance, such ‘as ‘missed school,; and par-
ents’ efforts to: obtain - additional assistance,
such-as special education, also need to be con-
sidered in future studies. Finally, it is important
to determine whether skill-based tutorial inter-
ventions have a sustained effect on academic
outcomes ot if additional “booster” interven-
tions are needed as the child progresses to more
complex academic and cognitive tasks.
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In conclusion, CNS treatment is essential to
preventing meningeal disease in childhood ALL.
Because of the well-documented late effects asso-
ciated with radiation,51° most treatment regimens
use intrathecal chemotherapy alone or in combi-
nation with intermediate- to high-dose systemic
chemotherapy. There is increasing evidence that
intrathecal chemotherapy is also-associated with
academic effects. Improving academic abilities in
children who have received CNS treatment is of

high priority and.may have longlasting implica-
tions on quality ‘of life outcomes. However, it is
equally important that interventions to prevent
academic problems in children newly diagnosed
with ALL be developed and tested.
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