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Objective To compare the effects of two intravenous (IV) methotrexate (MTX) infusion 

protocols on cognitive function in children newly diagnosed with acute lymphoblastic leukemia 

(ALL). Methods We compared 19 children treated with 1 g/m2 of IV MTX over 24 hr 

(Group 1) to 13 children treated with 2 g/m2 of IV MTX over 4 hr (Group 2) on measures of 

working memory, nonverbal, and verbal skills shortly after diagnosis (Time 1) and 1 year later 

(Time 2). Results A significant Group×Time interaction was found for a composite measure 

of working memory with Group 2 declining from Time 1 to Time 2. Group 2 performed 

significantly worse than Group 1 on a composite measure of nonverbal skills at both time 

points. Conclusions Findings suggest that difficulties in working memory and nonverbal 

skills may be evident during the first year of treatment for ALL and that severity may be 

dependent on IV MTX dose and/or infusion rate.
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There is accumulating evidence that treatment protocols for
acute lymphoblastic leukemia (ALL) have long-term effects
on cognitive function despite the elimination of cranial
radiation therapy (CRT) from standard treatment. Long-
term difficulties in visual-perceptual and attention skills
are most commonly reported (Moore, 2005), although
language-related difficulties have also been described
(Brown, Sawyer, Antoniou, Toogood, & Rice, 1999).

Currently, majority of children treated for ALL
receive central nervous system (CNS) prophylaxis with
a combination of intrathecal (IT) and systemic chemo-
therapy (Margolin, Steuber, & Poplack, 2002). Methotr-
exate (MTX) is the most widely used antimetabolite in
the treatment of childhood cancers and is a critical com-
ponent of ALL treatment (Margolin et al., 2002). ALL
treatment protocols typically have three phases: induc-
tion (weeks 1–4), consolidation (weeks 5–32), and

maintenance (weeks 33–130). IT MTX is administered
in age-titrated doses directly to the CNS via the cerebral
spinal fluid (Margolin et al., 2002), but the optimal dose
of intravenous (IV) MTX has yet to be established (Moe
& Holen, 2000). IV MTX is introduced through the
blood stream and is administered in a wide range of
doses, rates of infusion, and number of infusions (Moe
& Holen, 2000). MTX has been associated with acute
neurotoxicity as well as with long-term cognitive diffi-
culties in ALL survivors (Margolin et al., 2002). Lower
overall IQ has been linked to a single, high-dose IV MTX
infusion compared to a single, standard dose IV MTX
infusion in female ALL survivors, but only when fol-
lowed with CRT (Waber, Tarbell, Kahn, Gelber, &
Sallan, 1992). To our knowledge, no studies have been
published that compare the effects of IV MTX infusion
rates on cognitive function.

All correspondence concerning this article should be addressed to Marissa E. Carey, West Virginia University, 
Department of Behavioral Medicine and Psychiatry, 930 Chestnut Ridge Road, P.O. Box 9137, Morgantown, 
West Virginia 26505. E-mail: mcarey@hsc.wvu.edu.

mailto:mcarey@hsc.wvu.edu
mailto:permissions@oxfordjournals.org


190 Carey et al.

The purpose of the present study, therefore, was to
investigate the effects of a short, higher dose IV MTX
infusion to a long, lower dose IV MTX infusion on
working memory, nonverbal, and verbal skills in chil-
dren newly diagnosed with ALL. Children were ran-
domly assigned to receive either 1 g/m2 of IV MTX over
24 hr (Group 1) or 2 g/m2 of IV MTX over 4 hr (Group 2)
for a total of six infusions during the consolidation phase of
treatment. We compared group performance on selected
measures shortly after diagnosis and approximately 1 year
later. Because some children had already started consolida-
tion at the time of the first evaluation, we predicted that
there would be a significant effect of treatment group and
time on working memory and nonverbal skills, given the
long-term difficulties in attention and visual-perceptual
skills often reported. It was expected that Group 1 would
perform better than Group 2 at both time points, but that
both groups’ performances would decline over time. We
also predicted that verbal skills would be equivalent
between groups and remain stable over time.

Methods
Participants

Study participants were recruited through a major uni-
versity hospital pediatric hematology/oncology clinic
and a major children’s cancer center in the southwestern
and southern portions of the United States, respectively.
Children enrolled in Pediatric Oncology Group (POG)
Protocol 9904 (ALinC 17 for low-risk ALL) or 9905
(ALinC 17 for standard risk ALL), who were also partic-
ipating in a longitudinal study examining cognitive
development in children treated for ALL, were included
in these analyses. These POG protocols were designed in
conjunction to compare the efficacy and toxicity of a
short MTX infusion (2 g/m2 over 4 hr) to a long MTX
infusion (1 g/m2 over 24 hr) during the consolidation
phase of treatment. At the time of protocol enrollment,
each child was randomly assigned to one of these infu-
sion protocols. All patients received CNS prophylaxis
with IT MTX at age-titrated doses according to the same
dose schedule. None of these children received CRT. All
children who met eligibility criteria were invited to par-
ticipate in the cognitive study. Due to the Health Insur-
ance Portability and Accountability Act (HIPAA) of
1996 privacy rules, data were not collected on the chil-
dren who declined to participate in the cognitive study.
However, very few individuals refused at either site.
Exclusionary criteria were non-English-speaking chil-
dren and previous diagnoses of learning disability, atten-
tion-deficit hyperactivity disorder, mental retardation,

psychiatric disorder, neurological disorder, or traumatic
brain injury associated with an alteration in conscious-
ness. Protocols were approved by the Institutional
Review Boards of both institutions. Informed consent
was obtained from all parents, and assent for participation
in the cognitive study was obtained from the children.

Seventy-eight children were enrolled in the cogni-
tive study between June 2000 and December 2002. Fifty-
nine of them were enrolled in POG Protocol 9904 or
9905, and 43 of those children completed Time 1 and
Time 2 evaluations. Of the 16 who did not complete
Time 1 and Time 2 evaluations, 9 did not complete eval-
uations due to scheduling difficulties, 4 were lost to fol-
low-up, 1 relapsed, 1 died, and 1 moved out of the area.
In order to minimize variability, only those who com-
pleted Time 1 evaluations within 90 days of diagnosis
(N = 39) and whose Time 2 evaluation occurred within
1 SD of the mean number of days between evaluations
(M = 437.87; SD = 125.25) were included in these analy-
ses. Hence, we compared the performances of 32 chil-
dren: 19 children in Group 1 and 13 children in Group
2. There were no differences between the groups with
respect to patient characteristics (Table I).

Evaluation Procedure and Measures

Each child completed evaluations at Time 1 and Time 2.
Time 1 evaluations were scheduled as soon as a child
was medically stable, which typically followed the com-
pletion of induction therapy. The Wechsler Primary and
Preschool Scale of Intelligence—Revised (WPPSI-R)
(Wechsler, 1989) was administered to children aged 3–5
years (Time 1, N = 13; Time 2, N = 10). The Wechsler
Abbreviated Scale of Intelligence (WASI) (Wechsler,
1999) was administered to children aged 6 years and
more. Due to the small sample size and to minimize the
number of statistical comparisons, composite scores

Table I. Patient Characteristics

IT MTX, intrathecal methotrexate.

Group 1 Group 2

Age at diagnosis (in years) 6.60 (±3.41) 7.75 (±3.47)

Age at Time 1 (in years) 6.71 (±3.41) 7.88 (±3.44)

Age at Time 2 (in years) 7.94 (±3.38) 9.05 (±3.58)

Days since diagnosis at Time 1 38.95 (±19.74) 46.54 (±16.69)

Days since diagnosis at Time 2 488.68 (±58.53) 475.38 (±51.39)

Number of IT MTX doses at Time 1 2.47 (±0.77) 2.62 (±0.77)

Number of IT MTX doses at Time 2 11.42 (±0.77) 11.23 (±0.83)

Males 5 6

Females 14 7

Low-risk level 8 5

Standard risk level 11 8

Mother’s education (in years) 14.00 (2.76) 13.45 (1.75)
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were created to assess working memory, nonverbal, and
verbal skills. Pearson product correlations were com-
puted for measures making up each composite, and cor-
relations (r ≥ .395, p ≤ .025) between measures support
the domain clusters. Age standard scores were trans-
formed into Z-scores and then averaged. The working
memory composite score included (a) Stanford-Binet
Intelligence Scale—4th Edition (SBIS-IV) Memory for
Sentences (Thorndike, Hagen, & Sattler, 1986), which is
a sentence repetition task, and (b) SBIS-IV Bead Memory
(Thorndike et al., 1986), which is a visual working
memory task requiring immediate reproduction of bead
sequences. The nonverbal composite score included (a)
Wechsler Block Design (Wechsler, 1989, 1999), which
assesses visual-perceptual organization skills using
blocks, and (b) Beery Developmental Test of Visual-
Motor Integration—4th Edition (VMI) (Beery, 1997),
which is a design copying task. The verbal composite
score included (a) Wechsler Vocabulary (Wechsler,
1989, 1999), which assesses expressive language skills,
and (b) Peabody Picture Vocabulary Test—3rd Edition
(PPVT-III) (Dunn & Dunn, 1997), which assesses
receptive language skills.

Data Analysis

The SASJMP6 statistical software package (SAS Institute,
2005) was used for data analysis. Within- and between-
group comparisons were performed using mixed models
analyses due to the variability in days since diagnosis at
Time 1 and Time 2 for both groups. Group was entered
as a fixed effect. Time and Group × Time were entered
as random effects. The dependent variables were the
working memory, nonverbal, and verbal composite
scores. The significance level for these analyses was set
at p < .05.

Results

Results of the mixed models analyses revealed (a) a sig-
nificant main effect of Group for nonverbal, F(1, 30) =
5.338, p = .0352, d = .451, with Group 1 performing
better than Group 2 at both time points; and (b) a signi-
ficant Time×Group interaction for working memory,
F(1, 30) = 9.548, p = .004, r = .153, with Group 1 perform-
ing better from Time 1 to Time 2, while Group 2 performed
worse over time. No other significant effects were found.
Scores are presented in Table II. Because mean scores for
both groups at Time 1 and Time 2 were in the average
range for all measures, follow-up Mann–Whitney U tests
were conducted to determine whether the proportion of
children with performances ≤–1.0 SD from the mean

was significantly different between the two groups. No
significant differences were found for the three compos-
ite measures at either time point. However, there was a
non-significant trend (p = .058) for SBIS-IV Bead Mem-
ory, with Group 2 having a significantly greater propor-
tion of children (38.5%) performing below the mean
compared to Group 1 (10.5%) at Time 2.

Discussion

Our findings suggest that difficulties in working mem-
ory and nonverbal skills may be evident during the first
year of treatment for ALL and that the severity of these
difficulties appear to be dependent on IV MTX dose and/
or infusion rate. These findings are consistent with our
hypotheses and with previous late effects literature, sug-
gesting that attention and visual-perceptual skills are
compromised in some children treated for ALL (Moore,
2005). It is not clear if these difficulties are permanent.
These children are being followed, and future reports
will try to elucidate the nature of these difficulties over
time.

Table II. Group Means and Standard Deviations for Composite and 
Subtest Scores at Time 1 and Time 2

aTime×dose interaction effect at p < .05.
bMain effect of Group at p < .05.

M, arithmetic mean; SD, standard deviation.

SBIS-IV, Stanford-Binet Intelligence Scale—4th Edition; VMI, Beery Develop-

mental Test of Visual-Motor Integration—4th Edition; PPVT-III, Peabody 

Picture Vocabulary Test—3rd Edition.

Composite/Subtest
Group 
(g/m2)

Time 1
Mean (SD)

Time 2 
Mean (SD)

Wechsler Full Scale IQ 1 105.84 (11.99) 107.05 (15.52)

(M = 100, SD = 15) 2 102.38 (10.54) 101.15 (14.43)

Working memorya 1 –0.24 (1.01) 0.03 (.74)

(M = 0, SD = 1) 2 0.26 (.81) –0.36 (.61)

SBIS-IV Sentence Memory 1 50.53 (8.10) 49.32 (7.58)

(M = 50, SD = 8) 2 52.77 (5.50) 50.15 (4.26)

SBIS-IV Bead Memory 1 52.05 (10.82) 52.53 (7.78)

(M = 50, SD = 8) 2 51.77 (9.17) 47.38 (7.10)

Nonverbalb 1 0.37 (.52) 0.38 (.80)

(M = 0, SD = 1) 2 –0.01 (.64) –0.14 (.70)

Wechsler Block Design 1 12.00 (1.89) 11.84 (2.89)

(M = 10, SD = 3) 2 10.77 (2.09) 10.31 (2.72)

VMI 1 101.21 (8.80) 102.05 (13.69)

(M = 100, SD = 15) 2 95.77 (11.88) 94.23 (10.32)

Verbal 1 –0.06 (.63) 0.10 (.84)

(M = 0, SD = 1) 2 0.32 (1.06) 0.15 (1.08)

PPVT-III 1 102.05 (10.46) 103.32 (12.20)

(M = 100, SD = 15) 2 107.15 (17.06) 106.54 (15.13)

Wechsler Vocabulary 1 9.21 (2.57) 9.95 (3.05)

(M = 10, SD = 3) 2 10.46 (3.21) 9.62 (3.66)
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These results are in contrast to the findings of
Waber et al. (1992), who did not report any differ-
ences between the neuropsychological performances
of ALL survivors treated with high-dose IV MTX (33
or 4 g/m2) and standard dose IV MTX (40 mg/m2) in
the absence of follow-up CRT. However, children in
their study received only a single infusion of IV MTX
during the induction phase of treatment. The rate of
infusion was not reported and so could not be com-
pared with the current findings. In our study, children
received six IV MTX infusions during the consolida-
tion phase of therapy. While it is unclear if the small
dose difference between groups is clinically meaning-
ful, pharmacokinetic differences have been reported
between short (4–6 hr) and long (24–36 hr) MTX
infusions in the treatment of ALL (Borsi, Schuler, &
Moe, 1988; Wolfrom et al., 1993). Because the chil-
dren receiving lower dose IV MTX (1 g/m2) in our
study also received much longer 24-hr infusions (com-
pared to the 4-hr infusions of the 2 g/m2 group), dif-
ferences found between our groups may be related to
differences in the duration of infusions.

This study is limited by a small sample size. Despite
this, we were able to detect group differences and an
interaction effect. Follow-up study with a larger sample
is needed, preferably using the same protocols, to vali-
date the current findings. The national study recently
closed accrual of new patients to these protocols, and, to
date, there have been no published reports comparing
the efficacy of the two MTX infusion protocols. Ulti-
mately, if treatment efficacy is equivalent for survival,
then the impact on cognitive function needs to be con-
sidered to ensure the best treatment outcomes. While
work in this important area continues, it is recom-
mended that practitioners follow the neuropsychological
function of children with ALL from the time of diagno-
sis, because early identification and intervention may
curb or even prevent long-term difficulties (Moore et al.,
2000).
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