Neurocognitive Development of Children After a Cerebellar
Tumor in Infancy: A Longitudinal Study

By Donna R. Copeland, Carl deMoor, Bartlett D. Moore lll, and Joann L. Ater

Purpose: To assess the long-term neuropsychologic
effects experienced by children who have tumors in the
cerebellum that are diagnosed and treated during in-
fancy.

Patients and Methods: Twenty-seven children with
posterior fossa tumors diagnosed at less than 36 months
of age were assessed prospectively with a comprehen-
sive set of age-appropriate tests. Group means and SDs
are reported for assessments conducted at diagnosis
(analysis 1) and at the most recent follow-up appoint-
ment (analysis 2). Cognitive developmental growth
curves were derived from the prospective data (analy-
sis 3) using mixed model regression analyses and con-
trolling for age at diagnosis and socioeconomic status.

Results: In the first analysis, eight of 11 infants at
diagnosis scored within normal limits on all neuropsy-
chologic domains, except for motor skills, which were
impaired. In the second analysis, mean scores at the
most recent follow-up of 21 of 27 patients were mostly
in the normal range; however, group comparisons be-
tween those who had (n = 7) and had not (n = 14) been
treated with cranial radiation therapy (CRT) showed
that patients in the irradiated (CRT) group scored signifi-

cantly lower than those in the nonirradiated (No-CRT)
group on verbal intelligence quotient (1Q) and in the
motor domain. In the third analysis (growth curves of
CRT and No-CRT groups), statistically significant differ-
ences in slope were found on verbal 1Q, performance
1Q, perceptual-motor skills, language, and attention/
executive skills. Slopes on the fine-motor domain were
similar; both groups declined at approximately the
same rate.

Conclusion: Neurocognitive development and out-
come of children with cerebellar tumors diagnosed in
infancy is very positive among those who were treated
with surgery and chemotherapy. Declines in perfor-
mance across time were minimal, and scores tended to
remain within normal limits. By itself, a cerebellar
tumor in infancy does not seem to have a significant
impact on children. However, those who received CRT as
part of their treatment are likely to have neurocognitive
and psychosocial deficits that require remediational
interventions.
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HE INCIDENCE OF CNS tumors in the United States neuropsychologic impairments; namely, younger age at
has surpassed acute lymphocytic leukemia to becomeiagnosi§?:12:14.16.22-24.27-2§nd treatment with cranial radia-
the most common type of cancer occurring in childrention therapy (CRTY,11:14-16,22-28,30-38 pecific location within
younger than 15 years of ag€Sixty percent of such tumors the cerebellum has been discussed as %éft4-16 along
in childhood occur in the posterior fossa. Patients withwith time since treatmer§t15.22.27.28
tumors in this location are considered to be at risk for Little is known about the long-term effects of brain
neuropsychologic sequefagience such tumors have been tumors on children, particularly those with tumors that
the subject of research for neuropsychologic effects more sgppear in the cerebellum during infancy. Packer#@tratind
than those in any other brain location grati3.Most of the  that children with posterior fossa tumors who did not receive
studies are retrospective in design and are very limited in thgRT or methotrexate had fewer deficits than those who had

use of standardized assessments; nevertheless, their resifgeived CRT. However, two other studies demonstrated that
indicate that certain variables contribute to increased risk ofpjgren with tumors in the posterior fossa had cognitive

deficits even when they did not receive CR? supporting

the notion that the cerebellum is involved in higher-order
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diagnosis; (2) late effects at the most recent assessment of Zdble 1. Demographic and Medical Characteristics of Total Sample (n = 27)
patients; and (3) change over time among 15 patients who No. of
had been assessed at least two times, controlling for sex, Charadterisfc Patients
race, and socioeconomic status (SES). In the latter analysi§ex

patients who had not received CRT were compared with 'FV“"eI :;
. emale
those who had been treated with CRT. Ethnicity
We hypothesized that (1) infants with cerebellar tumors white 18
would show neuropsychologic deficits at diagnosis; (2) Other 9
impairment at long-term follow-up would be related to Secioeconomic class
treatment effects, specifically CRT; and (3) neuropsycho- :I'h'ghe“ ‘5‘
logic performance would decline as time from diagnosis 4
increased. These hypotheses were tested with three analysesy 5
(1) neuropsychologic performance of infants at diagnosis; V, lowest 5
(2) neuropsychologic performance of patients tested from 1 Unk"°j~n . 4
to 13 years after diagnosis; and (3) development of neuropsyég':“' diagnosis, months ”
. . . ean
chologic skills across time. Range .35
Diagnosis
PATIENTS AND METHODS Medulloblastoma 15
. Astrocyt 7
Patients Srocylomd
Ependymoma 3
As part of a larger study (360 patients) conducted between 1983 and Astrocytoma-ependymoma 1
1997 that assessed the neuropsychologic status of children with brain Dermoid cysts 1
tumors, we conducted serial evaluations of 27 children with posteriorTumor locations
fossa tumors that were diagnosed when they were less than 36 monthsMidline and/or fourth ventricle 17
of age. All children in this age group who had been evaluated are Right cerebellum 3
included in this report. This represents more than 90% of the children Left cerebellum 3
treated at our institution who met study criteria (children with cerebellar  Unknown 4
tumors diagnosed at 36 months of age). Table 1 lists the demographic Treatment
and medical characteristics of the sample, which included 12 female Surgery 27
and 15 male patients. Most (18 patients) were white, and the rest were of ~ Partial resection 7
Hispanic (seven) or African-American (two) origin. Mean age at Total resection 20
diagnosis was 22 months (range, 7 to 35 months). Almost equal CRT, whole brain (30-40 Gy) + cerebellum (40-50 Gy) 7
numbers of patients (four or five) were represented in each level of Chemotherapy 20
socioeconomic class (I to V), except for four patients for whom SES MOPP and/or M-MOPP 171
was unknowr?® Other 3%
Diagnoses included medulloblastoma (15 patients), astrocytoma Shunt 19
(seven patients), ependymoma (three patients), astrocytoma-ependy-Hydrocephalus 21
moma (one patient), and dermoid cysts (one patient). Most tumors (15) Corticosteroids 17
involved the midline of the cerebellum. Nine of these extended into the Anticonvulsants 6
fourth ventricle, with one extending into the right hemisphere of the Tumor activity
cerebellum as well. In two cases, the tumor was only in the fourth Progression/recurrence 12
ventricle. Three tumors were in the right hemisphere of the cerebellumPatient status
and three were in the left hemisphere. One of the right hemisphere Surviving 17
tumors also extended into the brainstem. Location was undetermined in Deceased 10

four patlgnts whose records were incomplete. Abbreviation: M\-MOPP, MOPP with methotrexate added.
All patients had surgery to remove the tumor. Twenty had complete *Three of the seven patients also received 30 to 45 Gy to the spine.

resectign, and seven had_partial resection. Most (21 p_atients) experi- +Three of the 17 patients received MOPP plus cisplafin.

enced increased intracranial pressure; therefore, 19 patients had SI’]ums-LrOne patient received cisplatin alone, and two received other chemotherapy.
installed. Twenty had been treated with various combinations of ’

chemotherapy, but most had received nitrogen mustard, vincristine,

procarbazine, and prednisone (MOPP) or MOPP with methotrexat@ne tumor recurrence between the time of diagnosis of the original
added (dose of methotrexate was 6 gaaministered intravenously.) tumor and the most recent neuropsychologic assessment. At the time of
Seventeen had received corticosteroids, and six had been given atata analysis, 17 (63%) were surviving and 10 (37%) had died. The
anticonvulsant (usually phenytoin). Seven had received radiation to theurvival rate was 71% for patients in both the irradiated and nonirradi-
brain at least 6 months before the last neuropsychologic examinatiorated groups.

Each of these had whole-brain radiation (dosage, 30 to 40 Gy) and Table 2 shows the neuropsychologic test sequences across time for
radiation to the cerebellum (total dosage, 40 to 50 Gy). Three hadeach subject. Eleven had been assessed for the first time during the year
radiation to the spine as well (30 to 45 Gy). Twelve patients had at leasof diagnosis, most within 4 months (Table 2, boxed x), and these results
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Table 2. Test Schedules of Subjects

Test Intervals (at diagnosis and years post diagnosis)

Subject Dx 1 2 3 4 5 6 7 8 9 10 11 12 13

! b

2 [

3 o

4 [

5 [

6 M @

7 B M E

8 Bl KB = =

9 Bl B x x x x x %

10 Bl 4 x x x x @

11 E] E] x x x x x x :"

12 x

13 x ®

15 Bl x x x x x x x x =

16 B x  x W

17 E] x x ::ag

18 E] x x x x x x x x 7:

19 #
20 Bl x
21 P x x x x x o
22 E} x x Eip:
5 B . .
24 Bl x x x x x x x e
25 Bl x x 2
26 5
27 s

Dx 1 2 3 4 5 6 7 8 9 10 11 12 13

Total Sample Includes Ss 1-27. Medical, demographic characteristics, Tables 1,2.

Analysis 1 a Includes Ss 1-11. Descriptive statistics. Acute effects. Patients assessed at diagnosis.

Analysis 2 % Includes Ss 6-11, 13-27. Descriptive statistics. Late effects. Patients’ last follow-up (if > 1 yr
post diagnosis). Tables 4,5.

Analysis 3 E] Includes Ss 7-11, 15-18, 20-25. Individual growth curve analysis. Developmental effects.
Patients with > 2 assessments. Figures 1,2,
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were used to test for acute effects of the tumor (analysis 1). Follow-upBayley Scales of Infant Developméht(two were administered the
assessments occurred at varying times after that, up to 13 years fror@tanford-Binet, 4th editioi ). This assessment allowed us to estimate

diagnosis.

the effects of the tumor itself in infants before treatment.

Twenty-one patients had follow-up assessments and/or had been In follow-up examinations of these patients and the remainder of the
tested for the first time more than 1 year after diagnosis (Table 2, shadesample, age-appropriate neurocognitive tests were administeted.
X). The results of their most recent examination were used to test foAlthough the use of different levels and types of tests is not ideal, it is
long-term effects of the tumor and treatment (analysis 2). (Note:unavoidable in prospective studies of infants and children that are
Patients with assessments beginning later than 1 year after diagnosi®nducted over an extended period of time. To reduce practice effects,
were referred to the institution after receiving initial treatment else- alternative forms of the tests were used when available (eg, Peabody

where.)

Picture Vocabulary Tedf Wide Range Achievement Te8t and

Fifteen patients included in the prospective study had had at least tw&elective Reminding Tegts*9.
assessments, but most (13 patients) had been assessed at least threlational samples provided scores from which the norms (means and
times (Table 2, boxed arrow). Growth-curve analyses were conducted t&Ds) for the intelligence and academic achievement tests were derived,;
assess the developmental effects of tumor and treatment across tintkese were standardized to a mean of 100 and an SD of 15. To achieve
(analysis 3). One of the advantages of growth-curve analyses is thatomparability across intelligence measures, McCarthy and Stanford-
consistent timing of the assessments across subjects is not required. Binet summary scores were converted to the same scale as the Wechsler

Procedures

Intelligence Scale for Children—Revised. Other neuropsychologic vari-
ables were standardized using available age norms to a mean of 10 and

After approval of the study by the institution’s internal review board an SD of 3. Scores on timed measures were transformed so that a higher

and before the first assessment, informed consent was obtained fro
each parent in addition to assent from each child who was age 7 or older,;
The study was described verbally, and parents were given a copy of th

consent form, which contained a written description.

Table 3 lists the neuropsychologic tests and composition of the
cognitive domains used in the stu#£2Most of the infants whom we
were able to assess at the time of diagnosis were assessed using

Table 3. Neuropsychologic Domains and Tests of Measurement

Intelligence
Bayley Scales of Infant Development, 3¢ ages 1 to 42 months
McCarthy Scales of Children’s Abilities,3” ages 3 to 5 years
Stanford-Binet Intelligence Scale, 4th edition,® ages 2 to 16+ years
Wechsler Intelligence Scale for Children, revised,? ages 6 to 15 years
Wechsler Adult Intelligence Scale,“0 ages 16+ years
Academic achievement
Wide Range Achievement Test (spelling, arithmetic),#' ages 5 to 16+
years
Peabody Individual Achievement Test (reading recognition, reading com-
prehension), %2 ages 5 to 16+ years
Language
Wechsler Subtests: Information, Similarities, Comprehension39:40
Peabody Picture Vocabulary Test, revised, 43 ages 3 to 16+ years
Word Fluency (F, A, S),4 ages 5 to 16+ years
Memory
Verbal Selective Reminding Test, %5 ages 5 to 16+ years
Nonverbal Selective Reminding Test, ages 5 to 16+ years
Attention/executive functions
Freedom From Distractibility Deviation Quotient,%” ages 6 to 16+ years
Trail Making B,“8 ages 5 to 16+ years
Fine motor
Finger tapping,“ ages 5 to 16+ years
Grooved Pegboard,*? ages 5 to 16+ years
Trail Making A, %8 ages 5 to 16+ years
Perceptual-motor
Beery Visual-Motor Integration Test,% ages 3 fo 16+ years
Wechsler Subtest: Block Design3?.40
Tactile-spatial
Tactile Form Perception Test,5' ages 5 to 16+ years
Psychosocial
Child Behavior Checklist,52 ages 4 to 16 years

geore was better, which made them consistent with all other measures.
For statistical analysis, test variables were grouped into ability
omains on the basis of intercorrelations among variables and/or results
rom previous research. This data-reduction strategy reduced the overall
number of statistical comparisons and thus minimized inferential errors
associated with multiple univariate tests of dependent variablBsst
feores within a domain were standardized and averaged to obtain a
domain score. Because of small sample sizes in some SES levels, SES
levels 1, 2, and 3 were grouped together (high SES), and levels 4 and 5
were grouped together (low SES). Ethnicity was categorized as white or
nonwhite.

Statistical Design

Descriptive statistics were obtained for the performance of 11
patients in the sample of 27 who were assessed soon after diagnosis
(analysis 1). This was to estimate the acute effects of the tumor before
the onset of treatment effects. Descriptive statistics were also obtained
for the 21 patients whose most recent assessment was more than 1 year
after diagnosis (analysis 2). This retrospective analysis was designed to
estimate the long-term effects of the tumor and its treatment.

For the prospective analysis (analysis 3), individual growth-curve
analyses were conducted on 15 children who had been assessed at least
two times (range, two to nine examinations; 13 ladhree examina-
tions). We excluded six children who had been assessed only with the
Bayley Scales and no other test. The method used for the growth-curve
analyses was mixed model regression analyses, using PROC MIXED in
SAS (SAS, Cary, NC). Growth curves for patients were averaged, and
comparisons were made between those who received CRT and those
who did not, controlling for SES and age at diagnosis. In this analysis,
we tried a number of different variations of model-fitting, ie, analyses
restricted first to subjects with at least three observations, and then two
observations; compound symmetry versus auto-regressive covariance
matrices; and random coefficients models. These comparative analyses
yielded similar results.

RESULTS

Early Effects (Analysis 1)

Among the 11 infants whom we were able to assess at the
time of diagnosis, eight scored within normal limits on the
Bayley Scales of Mental Developméhior the Stanford-
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Binef®® (mean, 91.8; SD, 24.5), although three had signifi-  Table 5. Mean Scores of CRT and No-CRT Groups at Last Follow-up
cant impairments. Five infants scored one SD below the Irradiated Nonirradiated Total Sample
normal mean on the Bayley Scale of Motor Developrifent (n=7) n =14 (n = 21)
(mean, 75.6; SD, 12.8), and five were so impaired that theyevropsychology Domain  Mean D Mean SO Meon  SD
could not be tested on the motor scales. In sum, most of thierbal IQ* 7686 177 9923 11.5 8702 20
impairments at diagnosis were in the motor domain offerformanceQ 80.14 110 9454 235 8662 22

functioni Academic 8675 139 9246 118 9041 22
unctioning. Language 68 33 89 15 81 24
. Attention/executive 6.2 33 9.4 3.1 8.0 3.4

Late Effects (Analysis 2) Memory 68 35 75 36 73 34
Twenty-one of the 27 patients had follow-up assessments Verbal memory 9.0 2670 42 77 38
Spatial memory 4.3 5.1 77 4.6 6.9 4.7

and/or had been tested for the first time more than 1 YE, ceptual-motor 5.2 19 77 30 68 29

after diagnosis. Their ages at this assessment ranged fromg;or+ Ad 10 91 38 75 41

t0 14 years (mean.9 years), and tlme.smce dlagnosls was 2 *ONOTE. For verbal IQ, performance IQ, and academic domains, normal

13 years (mean, 7 years). Four patients were still youngelrange is 8510 115 (mean, 100; SD, 15). For all other measures, normal range

than 5 years old, and 17 were older than 5 years. One third Qf 7 to 13 (mean, 10; SD, 3).

these patients had received CRT, so the sample was divided*Between group differences (P < .003).

into CRT and No-CRT groups, and their respective group TBetween group differences (P < .016).

performances were compared. Table 4 provides a description However, when the sample was divided between those

of patient demographic and medical characteristics for thesgho had received cranial irradiation €114) and those who

groups. had not (n= 7), there was a sharp contrast between the mean
Mean scores for all patients at this assessment (MoSicores of each group on most neurocognitive domains (Table

recent) were in the normal range for the most part, albeit ors) - patients in the irradiated group almost consistently

the lower end of normal (Table 5). Verbal intelligence scored in the impaired range, whereas mean scores of

quotient (IQ) was 87, and performance 1Q was almost 87 patients in the nonirradiated group were within normal

The patients were doing well academically, with a mean|imits. There were statistically significant differences be-

score of 90, and language and attention skills were intacfyeen groups on verbal 1Q & 3.44;:P < .003) and the

(mean scores of 8). Verbal memory was better preserveghotor domain (t= 2.4; P < .016). Despite the contrast in

than spatial memory and perceptual-motor skills. The lattescores between the two groups, differences on other mea-

two skills were in the impaired range (mean scefe7).  syres did not meet statistical significance because of small

Motor scores were variable, as shown by a higher SD, buhymbers.

the mean was still within normal limits (7.5). Resullts of the Child Behavior Checkfidadministered to

19 participants at this last follow-up were similar to those

found on the neurocognitive measures with respect to the

total sample and irradiated versus nonirradiated groups. That

is, mean scores on the social competence, behavior prob-

Table 4. Demographic and Medical Characteristics of CRT and No-CRT
Groups at Last Follow-up

Characteristic (anT7) (':ZC]RJ) lems, and internalizing/externalizing scales were within
Sex normal limits (based on girls/boys nonclinical norms for 6-

Male, n 3 10 to 11-year-olds). However, dividing the sample between

Female, n 4 4 irradiated and nonirradiated patients showed that the means
Mean SES level 271 338 for the five irradiated subjects were at least one SD below
Mean test age, years 10.7 8.5 L . .

Mean years from diagnosis 8.7 61 the normal mean pn activities, §00|al, s.c.hool, social compe-
Tumor type tency, total behavior problems, internalizing, and externaliz-

Medulloblastoma, n 3 8 ing scales. The nonirradiated subjects’ mean scores were

Astrocytoma, n 3 3 within normal limits, except on the social scale, which was

Ependymoma, n ! ! one SD below the normal mean.

AD\:::Z;O?;{ e:endymmc”” : Correlations were not significant between any of the
Chemotherapy, n 6 12 neuropsychologic domains or behavioral scales and the
Disease recurrence, n 6 5 following variables: time since diagnosis, tumor recurrence,
Survival surgery type (partial versus total), site of tumor (cerebellar

; 7? ]7? midline versus cerebellar hemisphere), or life status (surviv-

ing versus deceased).
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Developmental Change (Analysis 3) particularly those for later follow-up, are not very stable.

Initial growth-curve analyses suggested that the shapes off€ first P value shown refers to the analyses without
the growth curves were generally similar between male angovariates, and th value in parentheses indicates the
female patients, but there were some differences betwee@nalyses in which SES and age at diagnosis were included in
high and low socioeconomic groups and ethnic groups, witfhe model.
whites and higher socioeconomic groups obtaining better Figure 1A shows that patients in the irradiated group
scores. In view of ours and others’ research suggesting th&ontinued to decline across time on verbal 1Q, whereas
age at diagnosis, SES, and CRT are significant predictors diatients in the nonirradiated group tended to stay on course
neuropsychologic performance, we conducted growth-curvéNith developmental norms. Differences in slope were signifi-
analyses comparing the performance of those treated witGant (P<.001). On performance IQ (Fig 1B), there was less
and without CRT, controlling for SES and age at diagnosis Of a difference between the two groups, but results were still
(Because ethnic group and SES were confounded—whitegignificant (P < .05). A similar result was found for the
comprised most of the higher SES groups and nonwhites thacademic domain (Fig 1C). Differences were significant at

lower SES groups—we controlled only for SES and notthe .05 level.
ethnicity.) On the perceptual-motor domain (Fig 1D), differences

Figures 1 and 2 illustrate the observed means andvere significant (P< .05), with scores of patients in the
model-derived average slopes of the growth curves for thérradiated group declining to a level well below the normal
CRT and No-CRT groups on each neurocognitive domainrange. Interestingly, on the motor domain (Fig 1E), the
The two groups were compared only on differences ingroups were not significantly different, although the scores
developmental slope by modeling interaction terms betweeif patients in the irradiated group did fall to the impaired
group and time since diagnosis. The predicted values atange, whereas the performance of patients in the nonirradi-
either end of the distribution of time since diagnosis, ated group remained within the normal limits.
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Language (Fig 2A) was highly significanP (< .001), tumors concluded that, except for methotrexate, chemother-
with the radiated group showing a significant lag in develop-apy did not seem to produce neuropsychologic effééts.
ment across time. Attention/executive domain (Fig 2B) wasAnother study suggested that methotrexate was also respon-
very significant as well (R< .01). Patients in the nonirradi- sible for adverse effects; however, because patients in that
ated group managed to stay within the normal rangestudy also received CRT, it is not known whether the effects
whereas patients in the irradiated group—who began withyere from methotrexate and/or CRT.
scores that were well above average—eventually declined to 5 ;r results. which show mean scores in the normal range
wellbelow average. , for the group of patients whose treatment consisted only of

The groups were not significantly different on the memorySurgery and chemotherapy, are consistent with those of
domain (verbal and spatial memory combined), althoughtheEllenberg et & and Packer et & that is. we found that

imadiated group actually began with a higher score (Fig ZC)brain functions were spared when CRT was withheld. This

When the two types of memory were analyzed separately. . . . .
P y y P ¥nd|ng of discrepant performance between irradiated and

(Figs 2D and 2E), it can be seen that both groups declined al Lo i . . L
about the same rate on verbal memory (Fig 2D) |_|owevernon|rradlated patients is particularly striking in the growth-

on spatial memory (Fig 2E), the irradiated group's declineturve analyses in the prospective s.tud.y.. The deyelopmental
was more marked, and the difference in slope between thBrogress of the two groups was significantly different on
two groups approached significance<P08). seven of the eight neurocognitive domains assessed, with
much better preservation of skills among the nonirradiated
DISCUSSION patients.

The effects of brain tumor treatment that consists primar- Nevertheless, despite this optimistic picture, the nonirradi-
ily of surgery and chemotherapy are seldom addressed iated group’s scores did tend to decline somewhat across
neuropsychologic studies of children. Two that examined théime, and their scores on specific memory and motor tests,
effects of chemotherapy on children with posterior fossaalthough not impaired, were lower than in other domains.
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This might suggest that chemotherapy could be responsible, In the few existing reports of mostly adult patients and
but the location of the tumor in the cerebellum may besome children with different kinds of cerebellar abnormali-
important to consider as well. ties, findings of impairments in executive skills (ie, plan-
Effects of disease location versus treatment has been amng, organization, and problem-solving), learning, atten-
issue in previous researéfi*16 Some studies have com- tion, and visual-spatial processing are commot¥:57In a
pared patients with posterior fossa medulloblastoma whaecently published case study of a child, Schatz &t al
received CRT with those with cerebellar astrocytomas whademonstrated that persistent psychomotor slowing and defi-
were not irradiated and found that the astrocytoma patientsits in these functions occurred in a 7-year-old girl with focal
outperformed those with medulloblastoAt&®26suggesting  injury to the left cerebellum. Her scores at 13 and 16 months
that damage was associated with CRT rather than tumoefter injury demonstrated that the child was consistently
Riva et al?® however, found that both of these groups slower than her peers on all tasks that measure these skills.
performed less well than a control group. Likewise, LeBaron Because CRT affects similar areas of functioning, it is not
et al” noted that there were significant neuropsychologicpossible to distinguish its effects from tumor effects in the
impairments in patients with posterior fossa tumors who didirradiated subjects. However, we want to point out that
not receive CRT. Jannoun and Blo&hfound that their  patients who did not receive irradiation did not exhibit the
posterior fossa group had the lowest incidence of 1Q deficitsame degree of loss in these skills, and that actually their
(only one of 12 patients). However, because they onlylowest score was in verbal memory. So, tumor location
administered an 1Q test, it is not known whether their within the cerebellum may be a factor, especially in view of
subjects had specific motor and memory impairments. In &chatz et &P finding linguistic processing deficits in their
recent study of children assessed at the time of diagnosigatient. It is notable as well that our patients with tumors in
our group found that those with posterior fossa tumors werghe midline of the cerebellum were weakest on spatial
already impaired in memory, motor, attention, and visual-memory and perceptual-motor skills, whereas those with
spatial domains, suggesting tumor effect rather than treattumors in the cerebellar hemispheres and the fourth ventricle
ment effectt were weakest in academic achievement and verbal memory.
The comparative effects of tumor versus treatment is noBecause the sample size is very small, we will be evaluating
clear-cut in children with posterior fossa tumors. Making thethis issue on a larger sample that includes older as well as
issue still more complex is the impression that the specificyounger children.
neuropsychologic skills affected by posterior fossa brain Another issue that should be evaluated with a larger
tumors and their treatment tend to be similar to those foundample is the effect of partial versus total resection of the
among leukemia patients who have received irradiatumor on neurocognitive outcome. A number of authors
tion.21.225455These encompass primarily nonverbal func- have pointed out the relevance of this factor to surviva?.
tions such as visual-spatial integration, attention, motoit is the case that the seven participants in this sample who
coordination, and mathematical skift$216.17.19.27.28Be-  had had partial resection were impaired on eight neuropsy-
cause some children with posterior fossa tumors showhologic domains, and as a group, they scored significantly
similar deficits even without CR¥%1%there is the possibil- lower than did the total resection group on verbal 1Q and
ity that the cerebellum, with its reciprocal neural connec-perceptual-motor scores. However, because four of the
tions with the thalamus, corpus callosum, and cerebrakeven patients had received irradiation, the linkage with type
cortex, may be involvedf>456-61 Fipers in the dentate of surgery is weakened. Therefore, the effect of partial
nucleus of the cerebellum reciprocally connect with theversus total resection will be investigated in a subsequent
association cortex of the frontal lobe via the thalamus,study with a larger number of nonirradiated patients.
contributing to both motor and mental functiofsThe An important weakness of the current study is the small
cerebellum seems to contribute to timely, accurate perforsample size and large number of statistical tests, both of
mance of all systems with which it has functional intercon-which may limit the internal and external validity of the
nections (eg, sensory, motor, attention, and cognitive funcresults. However, both the direction and magnitude of the
tions)8° For example, with the brainstem, the cerebellumeffect of CRT in the prospective analysis is plausible in light
regulates motor reflexes; with sensorimotor areas, it allow®f the recent literature, and our findings were consistent
skilled manipulation of muscles such as those for hands andcross seven domains of cognitive functioning. Moreover,
speech; and with the prefrontal association cortex, it contribdifferent methods of fitting the statistical models were used
utes to the manipulation of ideas that are involved into assess the stability of the findings and were found to yield
planning®” similar results.
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The issue of balancing the chance for survival with quired remediational interventions. Fortunately, preliminary
long-term effects of the treatment frequently emerges instudies of programs designed for such children and adoles-
studies that implicate CRT in compromised outcomes.cents are beginning to yield promising resuf$? These
Fortunately, studies reporting comparable survival of infantgorograms emphasize practice and repetition, strategy acqui-
treated with chemotherapy compared with those treated witlsition, behavioral therapy, and parent consultation, and
CRT are appearing in the literatut&’?Ater et af®reported  efforts are made to help the participant apply the skills
that the long-term (=5 years) survival rate of 17 infants and learned in the school environment. However, long-term,
young children with brain tumors was almost 60%, and thusmulti-institutional studies are needed to demonstrate their
they conclude that omitting cranial irradiation unless relapseaultimate effectiveness on academic outcome.
occurs is a valid approach, providing good rates of survival.
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