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Decline in head growth and cognitive impairment in
survivors of acute lymphoblastic leukaemia

R E Appleton, K Farrell, J Zaide, P Rogers

Abstract
Twenty five children in remission, who were
asymptomatic and who had last been treated at
least two years before for acute lymphoblastic
leukaemia, were examined neurologically and
neuropsychologically. Their treatment included
early cranial irradiation (24 Gy or 18 Gy),
intrathecal methotrexate, and systemic chemo-
therapy. One half of the children demonstrated a
decline in head circumference centile, which
occurred in all patients treated with 24 Gy and in
those patients treated with 18 Gy under the age
of 3 years. In those children whose head growth
was reduced, performance was significantly
impaired in neuropsychological tests designed to
assess concentration and short term memory.
These children also developed clinically
important learning difficulties in the classroom.
Minor neurological dysfunction was present in
almost half of the entire group. These data
suggest that the treatment employed to prevent
central nervous system leukaemia (primarily
cranial irradiation) has a deleterious effect on
head and brain growth and intellectual function.
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The current use of combination chemotherapy and
central nervous system directed treatment has
resulted in prolonged disease free survival in most
children with acute lymphoblastic leukaemia. 1

This survival may be associated with neuro-

psychological complications, however, which have
been attributed primarily to the use of cranial
irradiation.2A

Previous studies have focused on the neuro-

psychological state of asymptomatic childhood
survivors of acute lymphoblastic leukaemia,
because of concern over learning difficulties and
consequent school delay.2-5 There is little infor-
mation on the neurological findings of these
children with respect to the prevalence of 'soft'
neurological signs and, in particular, patterns of
head and, presumably, brain growth.
The purpose of this paper is to present the

patterns of head growth and neurological and
neuropsychological findings in 25 children, who
were disease free and who were studied at least two
years after the cessation of treatment for acute
lymphoblastic leukaemia. The study has employed
a number of psychological tests, some of which
have not been used previously in the assessment of
children treated for acute lymphoblastic leukaemia,
and which can be administered during a routine
medical clinical visit.

Patients and methods
PATIENTS
Twenty five children who were in remission, and
who had last been treated at least two years before

for acute lymphoblastic leukaemia, underwent
neurological and neuropsychological evaluation.
Countries oforigin included Canada/North America
(19 patients) and two patients from each of
Sweden, Portugal, and India. The patients' ages at
diagnosis ranged from 1-4-8-8 (mean 3-5) years
and at examination, from 7-0-18-5 (mean 11-0)
years. The children had been off treatment for
between two and 12 (mean four) years at the time
of evaluation. All the children had been treated
using the protocols established by the North
America Children's Cancer Study Group according
to the risk criteria and the appropriate protocol
open at the time of diagnosis. Systemic induction
chemotherapy consisted of crisantaspase (L-
asparaginase), prednisone, vincristine, intrathecal
methotrexate, and 6-mercaptopurine, followed by
central nervous system directed treatment com-
prising cranial irradiation and intrathecal metho-
trexate or intrathecal methotrexate alone. Continu-
ing (maintenance) chemotherapy comprised daily
6-mercaptopurine, weekly methotrexate, and
monthly pulses of vincristine and prednisone and
was administered for a total of either 24 (n=9) or
36 (n= 16) months. Central nervous system
directed treatment was given during the con-
solidation phase and comprised 24 Gy (n=6) or
18 Gy (n= 13), delivered in either 2 or 1I8 Gy/day
fractions. Six children did not receive cranial
irradiation. All 25 patients received intrathecal
methotrexate: in 12 patients this was confined to
six, weekly injections (12 mg/m2), while in the
remaining 13 patients, additional injections
(12 mg/M2) were given at intervals of three months
over a one, two, or three year period (tables 1 and
2). Cytocentrifuge analysis of the cerebrospinal
fluid was performed in each patient at diagnosis,
during, and after completion oftreatment. Relapses
occurred in three children (two boys), all of whom
were off treatment; sites of relapse were testes
(two) and bone marrow. Treatment of these
relapses included an additional 12 months of
'maintenance' chemotherapy. None of the three
patients who relapsed were given further cranial
radiation. Growth hormone studies were not per-
formed in any patient.

Methods
Neurological examination
Each patient was examined neurologically by the
same author (REA). A specific assessment was
made for the presence of minor or 'soft' neuro-
logical signs including motor immaturity (Fog test
looking for associated abnormal movements6),
problems with coordination (finger touching skills,
rapid alternating movements of hands, hopping,
foot tapping) and right/left confusion.7 The same
author performed all measurements of the
occipitofrontal head circumference using a steel
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Table I Demographic features of the 12 children who showed a change in head circumference centiles

Case Age (years) Occipitofrontal head Radiotherapy Intrathecal Result of School
NolSex circumference centile (Gy) methotrexate neurological delay

Diagnosis Assessment (mglduration) examination
Diagnosis Assessment

1/F 1 5 17-3 50 2 24 100/3 years Normal Maths
2/F 1-8 9-9 60 2 18 72/6 weeks Poor coordination,

positive Fog
3/F 2-2 12-8 60 10 24 36/1 year Sensorineural 1 year

deafness, poor
right/left
discrimination

4/F* 2-5 7-6 60 25 18 140/2 years Poor coordination, 1 year
positive Fog,
poor right/left
discrimination

5/F 3-2 14-2 60 25 24 35/6 weeks Hyperreflexia No
6/M* 1-5 10-5 75 25 18 36/6 weeks Flaccid paraplegia 1 year

100/2 years
7/M 1-7 13-4 60 25 24 36/6 weeks Hyperreflexia 1 year
8/M 2-1 9 0 60 10 18 60/6 weeks Normal 1 year
9/M 3 0 16-0 25 <2 18 72/6 weeks Hyperreflexia 1 year
10/M 4 0 14-5 40 10 24 48/6 weeks Normal No
Il/M 6 5 15-0 50 10 18 156/2 years Normal Maths
12/M* 6 5 18-5 60 10 24 220/2-5 years Normal 1 year

*Abnormal computed tomography of the head: cases 4 and 12-calcification of frontal lobes and basal ganglia; case 6-calcification of
frontal lobes and dilatation of the lateral ventricles and subarachnoid spaces.

Table 2 Demographic features of the 13 children whose head circumference centiles were unchanged

Case Age (years) Occipitofrontal head Radiotherapy Intrathecal Result of School
NolSex circumference (Gy) methotrexate neurological delay

Diagnosis Assessment (mglduration) examination
Diagnosis Assessment

1/F 2-0 7-0 25 25 0 152/2 years Normal No
2/F 2-5 7 5 25 25 0 92/2 years Normal No
3/F 3 5 11 5 25 25 18 72/1 year Positive Fog test No
4/F 3-8 10 5 75 75 18 72/6 weeks Normal No
5/F 4-0 11 0 60 60 0 108/2 years Unilateral 1 year

sensorineural
deafness

6/F 4-3 8 5 60 60 0 216/2 years Unilateral No
sensorineural
deafness

7/F 5 1 9 2 75 75 18 60/2 years Positive Fog test Maths
8/F 5-9 11.5 90 90 0 168/2 years Positive Fog test No
9/M 1 6 7 0 50 50 0 82/2 years Poor left/right No

discrimination
10/M 4 6 10 2 25 25 18 72/6 weeks Positive Fog test No
ll/M 4 8 10.5 60 60 18 72/6 weeks Normal 1 year
12/M 5-2 10.5 90 90 18 72/6 weeks Normal No
13/M 8-8 14 5 75 75 18 72/6 weeks Absent deep No

tendon reflexes

tape measure. Head circumference centiles were
derived from composite international and inter-
racial data (birth to 18 years) prepared by Nelhaus.8

Neuropsychological tests
A neuropsychological battery was developed using
two criteria: firstly the battery should comprise
tests known to be sensitive to disturbance of
specific functions of the brain (particularly concen-
tration and memory), and secondly, the tests
should be able to be administered within a short
time (20 minutes) by a non-psychologist. The
following six tests were employed: performance on
the Purdue Pegboard to assess dexterity, speed,
and hand coordination9 10; sentence repetition and
word fluency to assess memory, verbal spontaneity,
and language function"I; recognition of embedded
figures to assess visual attention and perception12;
and coding and digit span (two subtests from the
Wechsler intelligence scales for children-re-
vised'3) to assess visual memory and short term
memory, and concentration respectively. Because
of the practical difficulties in identifying a suitable
group of children, including siblings, controls
were not used. However, for each of the six tests
there are normative data ('normal populations')
which are sex and age related. For embedded

figures, 'norms' are only available for children
aged 14 years or less. The tests were administered
in accordance with standardised procedures, by
one author (REA) at the same time as the
neurologic examination.

School delay
Reports from the patient's schools were available
on each child.

Computed tomography
Computed tomography of the head, using a GE-
CT 8800 scanner, was performed on 13 children
between 5-1 and 14-8 (mean 8 1) years from
diagnosis, at the time of the neurological evalu-
ation. Interpretation was undertaken by a neuro-
radiologist who was blinded to the clinical infor-
mation of the patients.

Statistical analysis
Head circumference measurements and per-
formances on the neuropsychological tests in
the 25 children were analysed using the two
sample t test. Head circumference measure-
ments and school delay was analysed using the
x2 test, with Yates's correction.
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Results
The birth weights were appropriate for gestational
age and the perinatal periods and early develop-
ment were reported to have been normal in all 25
children. No patient developed meningeal
leukaemia or clinical or laboratory evidence of
thyroid dysfunction.

Paired measurements of occipitofrontal head
circumference at diagnosis and at follow up were
available in all 25 children. There was a bimodal
distribution of occipitofrontal head circumference
centile measurements with either no change in
occipitofrontal head circumference centile (n= 13)
or an obvious decline (n= 12) of between 30% and
57% (tables 1 and 2). In only one child did the
head circumference fall below the second centile
(case 9, table 1). All six children who had received
a dosage of 24 Gy demonstrated a decrease in
centiles (mean time from diagnosis 12 years). Only
six of 13 children who had received a dose of 18 Gy
showed a decrease in centiles (mean time from
diagnosis 8-5 years); five of these six had been
diagnosed and had received cranial irradiation
under the age of 3 years. The mean declines in
head circumference centile were the same in those
children treated with either 18 Gy or 24 Gy. The
remaining seven children who had received 18 Gy
and who did not show a decline in head circum-
ference centile had all been diagnosed over the age
of 3 years (mean time from diagnosis 6-0 years).
Head circumference centiles were unchanged in
the six children who did not receive cranial
irradiation (mean time from diagnosis 5-4 years).
The demographic data, details of central

nervous system directed treatment employed,
results of neurological findings, and frequency
of school delay in the 25 children who did and did
not demonstrate a change in head circumference
centiles are described in tables 1 and 2 respectively.
The standardised, mean scores achieved in the
neuropsychological tests and the significance of
difference in the means in the two groups are
shown in table 3.

Thirteen of the 25 children had clinically
important learning difficulties, of whom 10 were at
least one year behind at school; eight of these 10
had a reduction in head growth. A further three
children (two showing a decline in head circum-
ference) had a more specific learning difficulty

with mathematics which necessitated placement
in a remedial class for this subject.
Major neurological complications were seen in

only one child (table 1, case 6) who developed a
flaccid paraplegia after Coxsackie transverse
myelitis before the use of chemotherapy. This boy
subsequently developed seizures associated with
fever during treatment; no other patient in this
series developed seizures. Three girls developed
unilateral sensorineural deafness, one of whom
also demonstrated minor neurological abnor-
malities, but it was not possible to determine
whether this was due to a leukaemic infiltrate,
effect of chemotherapy or the result of infection.
Computed tomography of the head, analysis of the
cerebrospinal fluid, and viral studies were normal
or negative in these patients. Twelve children had
evidence of minor neurological dysfunction indi-
cated by motor immaturity, problems with co-
ordination or right/left discrimination (or both), or
with abnormalities of muscle tone or deep tendon
reflexes.
Three of the 13 children investigated with

computed tomography of the head had abnormal
findings (table 1). All three performed badly on
the sentence repetition, digit span, and word
fluency tests.

STATISTICAL ANALYSIS
(1) Declines in head circumference centiles were
analysed in respect of the following variables:

(a) Age at diagnosis-In children treated with
24 Gy, age at diagnosis did not appear to be a
significant variable. In children treated with 18
Gy, declines in head growth were significantly
more common if the age at diagnosis was 3 years
or less (p=0038).

(b) Dosage of cranial radiation-There was no
significant difference in the amount of decline
between patients treated with either 24 Gy or
18Gy.

(c) Neuropsychological performance-In those
children who had a change in head circumfer-
ence centile, compared with those children
whose centiles were unchanged, performance
was significantly impaired in sentence repetition
(p=0 007) and digit span (p=0-02); word
fluency just failed to reach statistical signifi-

Table 3 School delay, neurological abnormalities, mean scores in neuropsychological tests, and their significance ofdifference
in the children who did and did not show a change in head circumference centiles. Results are mean (SD) unless stated
otherwise

Head circumference centiles Significance
of difference

Change No change (p value)
(n= 12) (n= 13)

Age at diagnosis (years) 3 0 (1 8) 4-3 (1-9) 0-34
Age at follow up (years) 13-2 (3 5) 10-0 (2-1) 0-006
No of children with minor neurological

dysfunction 6 5 0-86
No of children with school delay

(1 year behind or remedial maths):
Yes 10 3 0 009No 2 10

Neuropsychological tests:
Purdue pegboard

Preferred hand 8-3 (3-6) 8-1 (3-2) 0-88
Other hand 8-1 (3 5) 8-8 (2 8) 0-58
Both hands together 8-2 (3-3) 8-3 (2 9) 0-92

Embedded figures* 6-1 (2 0) 7-9 (2-3) 0-18
Sentence repetition 5 4 (2 5) 8-5 (2-7) 0-007
Word fluency 6-1 (2-0) 8-1 (2-8) 0-056
Digit span 6-3 (2-6) 9-3 (3 2) 0-02
Coding 8-6 (3-1) 8-9 (1-4) 0 74

*For embedded figures the comparison is between six children who did and the 12 children who did not show a change in head
circumference centile (see text: neuropsychological tests in methods).
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cance (p=0056) (table 3). When the children
who had a decline in head circumference centile
were compared with a normal population,
however, performance was significantly
impaired in sentence repetition (p=00006),
digit span (p=0 006), word fluency (p=0003),
and embedded figures (p=0003).

(d) School delay-Learning difficulties
(remedial maths or one year behind) occurred
more frequently in those children who had
a decline in head growth (p=0 009).
(2) Performances in each of the six neuropsycho-
logical tests in a normal population (derived from
the normative data) were compared with perfor-
mances in: (a) the entire study group of 25
children, and (b) the 13 children who did not show
a decline in head circumference centiles. No
significant differences were found in any of the
tests.

Regression analysis revealed that neither
parental education nor socioeconomic status
accounted for any of the cognitive variability
(neuropsychological performance or school delay)
seen in the children.

Discussion
In this study we have shown that a reduction in the
pattern of head growth seems to relate closely to
neuropsychological difficulties and school delay
among childhood survivors of acute lymphoblastic
leukaemia. Almost half of the children in this
series had a decrease in head circumference cen-

tile. A reduction occurred in all six children who
received a radiation dose of 24 Gy, irrespective of
age at diagnosis. In contrast, a reduction occurred
in less than half of those children who received a

dose of 18 Gy and, in those children whose head
circumference centiles were unchanged, all were

over 3 years of age at diagnosis. The dosages and
durations of administration of intrathecal metho-
trexate were similar in the two groups of children.
Thus intrathecal methotrexate did not appear to be
a significant factor in the decline in head growth.
However, a contributory effect of the drug cannot
be excluded. Although the mean period of follow
up was slightly shorter in the patients treated with
18 Gy who did not demonstrate a change in head
circumference centile (compared with the follow
up period in those that did), it is unlikely that this
was significant. The mean age at follow up was

significantly older in the group of children whose
head circumference changed; however, we do not
feel that this altered significantly any of the results
with respect to either the number of children with
reduced head growth, or incidence of school delay,
or performance on neuropsychological testing.
Head circumference centiles were unchanged in
the six children who did not receive cranial
irradiation, of whom three were diagnosed and
received intrathecal methotrexate before their
third birthday. Despite the small number of
patients in this study, these observations suggest
that in the treatment of acute lymphoblastic
leukaemia the greatest risk of affecting head and
presumably brain growth is associated with cranial
irradiation administered under the age of 3 years.

As far as we are aware, this association has been
reported only once previously, in abstract form. In
the study by Urion et al all the children had
received 24 Gy cranial irradiation and combination
chemotherapy, of whom half had microcephaly

(defined by an occipitofrontal head circumfer-
ence less than the second centile). 14 Cognitive
function, as assessed by the Wechsler intelli-
gence scale of children-revised, was impaired
in many of these children, and this was in part
related to age at diagnosis. Although only one
patient in our series developed microcephaly (head
circumference below the second centile), it is
possible that this number would have been greater
if the patients had been followed up for longer.
Whether this would have been associated with a
progressive decline in intellectual function is not
clear but is unlikely.15 The frequency of cognitive
impairment in our patients was similar to that of
the study by Urion et al.'4 This suggests that the
critical factor may be a decline in head growth per
se, rather than the amount of decline and eventual
head circumference (including microcephaly).

In our study, there were significant correlations
between decline in head growth, school delay, and
impaired performance on neuropsychological test-
ing, particularly in those tests involving concen-
tration and immediate or short term memory.
There were also correlations between a reduction
in head growth and poor verbal spontaneity
(measured by word fluency) and visual perception
problems (assessed by embedded figures). How-
ever, children whose head growth was unchanged
performed no worse than a normal population.

Previous studies have also emphasised the
findings of poor concentration and memory
deficits in childhood survivors of acute lympho-
blastic leukaemia.5 16 17 This suggests that it is the
impairment of these specific abilities which are
primarily responsible for cognitive dysfunction
and consequent school delay. The acquisition of
knowledge relies heavily on attention and memory
skills. Learning difficulties and consequently
school delay are more likely to result from a
slowing in the rate of acquisition of new skills and
information in which concentration and memory
problems play a central part, rather than by an
actual loss of previously acquired knowledge.
A possible neuropathological substrate for both

the reduction in head growth and impairment of
memory is a disturbance of brain myelination
consequent to cranial irradiation. 8 19 Myelination
of the central nervous system commences in utero
but is not complete until the second or third year
of life.20 This could explain the frequently reported
observations, including our own, that those
children at greatest risk from developing (or who
actually have) reduced head growth, memory
impairment, and consequent school delay, are
aged 3 years or less at diagnosis.2 16 21 22 As
skills accrue with age, the abilities of younger
children who have been given central nervous
system directed treatment could be arrested at
more elementary levels because of early disruption
in brain development. This could also result in
relative immaturity of the motor system, manifest
by the presence of associated movements on the
Fog test or as difficulties with fine motor co-
ordination, visual perceptual problems, and right/
left confusion-so called 'soft' neurological signs.
Almost one half of the children in our series had
evidence of minor neurological dysfunction, par-
ticularly problems with associated movements,
coordination, right/left discrimination, and
abnormalities of muscle tone. Such abnormalities
are commonly seen in children with 'minimal
cerebral dysfunction',6 7 and it is perhaps not
unexpected that the additional clinical hallmarks
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of this disorder include short attention span,
increased distractability, and poor memory func-
tion. These characteristics and a lack of verbal
spontaneity are frecuently associated with lesions
of the frontal lobe2 ; calcification and atrophy of
the frontal lobes were seen in three of our patients
and have been described in other asymptomatic
survivors of acute lymphoblastic leukaemia.24
Although 'soft' neurological signs may be under-
recognised and their presence or significance
disputed, very few studies have specifically looked
for them in asymptomatic survivors of childhood
acute lymphoblastic leukaemia.
The rate of head growth may be subnormal in

malnourished children25 but accelerates rapidly
with proper nutrition.26 None of our patients had
clinically important weight loss during treat-
ment and all were thriving at the time of the
study. Similarly, no child had permanent hair
loss as a result of treatment, which could have
influenced head size. It is unlikely therefore
that the 30 to 57% reduction in head circumfer-
ence centiles seen in our children was due to a
nutritional or non-specific response to acute
lymphoblastic leukaemia. Although observer
error cannot be excluded, it is also unlikely that
errors in measurement were responsible. The
reduction more probably reflects a direct effect of
cranial irradiation, either alone or in combination
with chemotherapy.

Finally, the differing methods and conflicting
findings of at least 28 outcome studies of acute
lymphoblastic leukaemia have caused considerable
confusion over the neuropsychological effects of
central nervous system directed treatment.27 Our
findings suggest that among childhood survivors of
acute lymphoblastic leukaemia, it may only be
those children who show a reduction in head
growth who develop neuropsychological compli-
cations. Further studies which specifically examine
the association between the patterns of head
growth and cognitive function in these children
may help to resolve some of this confusion.

Although this study is smalland retrospective, our
findings suggest that central nervous system
directed treatment (predominantly cranial irradi-
tion) has a significant adverse effect on head (and
presumably brain) growth and cognitive develop-
ment that is in part related to age.

We are grateful to Dr Peter Kelly for his assistance in the
statistical analysis and to Mrs Sue Faulker for her help in the
preparation of this manuscript.
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