
Archives of Disease in Childhood, 1983, 58, 953-958

Are cognitive and educational development affected
by age at which prophylactic therapy is given in acute
lymphoblastic leukaemia?
L JANNOUN

Department of Child Psychiatry, Hospital for Sick Children, London

SUMMARY Altogether 129 children with acute lymphoblastic leukaemia in remission, all of whom
had completed treatment, were assessed using standardised intelligence and attainment tests.
A control group of 67 healthy siblings was also assessed. Results showed that the patients were
functioning within the average range of intelligence several years after completing treatment but
that they had significantly lower intelligence quotients (IQs) than their siblings. Only patients who
received cranial irradiation when aged 7 years or more were no different in intelligence from their
siblings. Patients who were treated under the age of 3 years were found to have significantly lower
IQs than patients who received the same treatment at an older age and a group of healthy children
matched for age, sex, and parental occupation. This finding has practical implications for the
management and education of younger patients with acute lymphoblastic leukaemia.

Results of previous studies have shown that children
who have been treated for acute lymphoblastic
leukaemia with a combination of chemotherapy and
radiotherapy show greater intellectual impairment
than children who have either not received radio-
therapy or received delayed radiotherapy.1-3 Results
of these studies strongly suggest that children
treated for acute lymphoblastic leukaemia under the
age of 5 years are more likely to be affected than
children receiving the same treatment at an older
age, but the numbers of patients studied were small,
and results were obtained through post hoc analysis
of the data. The present study was designed specifi-
cally to discover whether age at the time of irradia-
tion of the central nervous system (CNS) may
determine the extent to which a child's intellectual
development and educational attainments are
affected.

Patients and methods

Patients. Three groups of patients were selected from
all the survivors of acute lymphoblastic leukaemia
in 7 centres in the United Kingdom. The selection
criteria were that the child had been treated for
acute lymphoblastic leukaemia by a combination of
chemotherapy and radiotherapy, that at the time of
assessment the child was in remission and had not
received treatment for at least 6 months, and that at

the time of assessment the child was aged between 5
and 17 years. Group 1 included all survivors of acute
lymphoblastic leukaemia who had received radio-
therapy when less than 3 years old; 43 patients were
identified and tested. Group 2 included 43 children
randomly selected from survivors who had received
the same treatment when aged between 3 and 6
years. Group 3 comprised 43 randomly selected
children who had received treatment when aged
7 years or more. Each group was compared with a
control group consisting of their own healthy
siblings. Sixty seven siblings were assessed.

All patients had been treated on one of the
Medical Research Council trials UKALL I-VI.45
All had received cranial irradiation simultaneously
with intrathecal methotrexate, and those in UKALL
I received intrathecal methotrexate for one year.
Altogether 124 patients had received maintenance
treatment for two to three years and five had had
five years of treatment (three had bone marrow
relapse and two had testicular relapse). Patients who
had had a relapse were excluded from our analysis.
Table I gives details of patients in groups 1, 2, and 3.

Psychological assessment. All subjects were assessed
using the British Ability Scales (BAS), which
provide measures of intellectual ability based on
British norms.6 They include measures of reasoning
ability (similarities, matrices), speed of information
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Table 1 Characteristics ofpatients with acute lymphoblastic leukaemia in remission (excluding relapsed patients)
and of controls

No ofpatients Mean age at Mean time (range) Mean time (range) Mean age (range)
diagnosis receiving chemotherapy since stopping treatment at testing

Boys Girls (months) (months) (months) (months)

Patients
Group 1 (n =40) 22 18 25 33 (23-47) 43 (9-94) 103 (58-150)
Group 2 (n=41) 18 23 56 32 (24-42) 31 (7-72) 120 (78-170)
Group 3 (n=41) 17 24 109 31 (19-51) 32 (6-95) 166 (118-209)

Controls
Group 1 (n =22) 115 (68-184)
Group 2 (n =22) 115 (68-200)
Group 3 (n=19) 137 (87-204)

processing, short term memory, reading, and arith- There were no significant differences between the
metic. Owing to time limitations a shortened version three age groups in any of the treatment variables-
of the Wechsler Intelligence Scale for Children namely, radiotherapy and drugs received. As the
(WISC:R)7 was used to assess the patients only. The patients were treated at 7 different centres on 6
similarities, arithmetic, vocabulary, and digit span different protocols the data were analysed for each
scaled scores were pro-rated to provide an estimate of variable separately. Results of the analysis of
verbal intelligencequotient(IQ), and blockdesign, ob- variance were not significant for the main effects of
ject assembly, and coding were pro-rated to measure treatment centres or trials. Significant results were
performance IQ. These subtests have been found to found for the main effects of sex (P<0.005) and
account for a sizeable proportion of the variance in group (P<0 004) but not for the sex x group
verbal and performance IQs.8 Measures of be- interaction (P<0-57). Data inspection showed that
havioural disturbances were obtained using Rutter boys in all age groups had significantly higher IQs
behaviour questionnaires.9 10 These were completed than girls.
by the parents and teacher of each child. A school
report of each child's attainments and attendance Comparison of groups of patients. Results of the
was also obtained. analysis of variance showed significant differences

between groups for the WISC:R full scale, verbal,
Results and performance scales (see Table 2). Group

comparisons showed no significant difference
Results of the BAS and WISC :R (which correlated between groups 2 and 3 on all three scales, but both
appreciably, r=0-83, P<0.001) showed that the groups scored significantly higher than group I
mean IQ of the whole sample was within the normal (P<0.05). Results of the BAS were similar but did
range and that the distribution of IQ scores was not reach such a high degree of significance
normal. Of the patients, 7% had an IQ below 80, a (P<0.07). We believe this result was mainly due to
figure that does not differ from the theoretically the fact that the BAS does not include the arithmetic
expected rate of 8 %. score in calculating IQ whereas the WISC:R does,

Table 2 Average intelligence quotients for three age groups ofpatients
Group Degree of Variance P

freedom ratio
1 2 3

No of patients 40 38 39
BASIQ <(fMean 9643 102.8 103.- 3 2,114 2.73 0-07BASIQ \~~~~ ~~SD14-9 15-7 13.8

WISC:R No of patients 36 41 39

Full ScaleIQ <fMean 94.6 104-9 105.2 2,113 4-35 0.02FulIScaleIQ ~~~5D 16.4 19-1 17.1

Verbal IQ <(fMean 95.2 106.9 105.4 2,113 5-01 0.01verballQ ~~~~~SD 15.4 18.5 17.9

f(Mean 94.8 101-4 104-3 2,113 3-02 0-05PerformanceIQ 5_SD 17-1 18.7 15-4
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Table 3 Average scores in Wechsler subtests for three age groups

Group Degree of Variance P
freedom ratio

J (n=36) 2 (n=41) 3 (n=39)

Similarities 9-4 12.6 12-1 2,112 8-69 0-003
Arithmetic 8-3 10.6 10.6 2,113 6.14 0.003
Vocabulary 10-4 12.4 11*0 2,99 4-34 0.02
Digit span 8-6 9.1 9-9 2,109 1.68 ns
Block design 9-5 10.6 11.8 2,113 4.31 0.02
Object assembly 8.7 10-6 10.7 2,110 4.34 0.01
Coding 9.0 8.9 9-7 2,110 0-97 ns

and group 1 performed least well on arithmetic-
There were no significant differences between groups
2 and 3 on four WISC:R subtests, namely simi-
larities, arithmetic, block design, and object
assembly. Both groups scored significantly higher
than group 1 in these subtests. Table 3 gives results
of the analysis.
A negative correlation was found between IQ and

time since completing treatment in all groups
combined (r=-0-24, P<0 004). A significant
negative correlation was found between IQ and time
since stopping treatment in Groups 1 and 2 (r=
-0.34, and -0-31 respectively). A positive cor-
relation was found for group 3 (r=0.14) but this
was not significant. As group 1 was found to have
stopped treatment for appreciably longer than
groups 2 and 3, who did not differ from each other
in this respect, the analysis reported in Table 2 was
repeated with each of the dependent variables
regressed against log time since stopping treatment.
The three groups were then combined and a step-
wise regression analysis was carried out to examine
the relation between age, IQ, and time since stopping
treatment. Table 4 shows the results of the stepwise
analysis; they were similar to those reported above.
Even after partialling out time since completing

Table 4 Summary offorced stepwise regression
analysis
Variable Order Multiple Variance P

correlation ratio
coefficient

WISC:R:

Full Scale IQ Log time off* 0.27 5.87 0.02

FAge at irradiation 0-32 3.50 0-06

f Logtime off* 0.29 7.05 0.01
Verbal IQ l_Age at irradiation 0.33 2.91 0-09

PerormnceIQLog time off* 0.22 3.-34 0.07
Performance IQ (~ Age at irradiation 0.28 3.69 0 06

BAS:
Fl SceIQI Log 0.25 5.44 0.02

Full Scale IQ \Age at irradiation 0-28 1-75 0-19

*Log time since completing treatment.

Table 5 Comparison between 64 patients and siblings
Patients Siblings

Average BAS IQ
Groups:

1 (n =22) 95.2* 109.4
2 (n =22) 101.9* 114.9
3 (n=20) 108 111.2

Total (n =64t) 101.3* 111*8

Average BAS subtest scores
Subtests §:

Digit recall 46. 3t 52.1
Matrices 49.6* 55*6
Similarities 53- It 56-4
Information processing 52.7t 57.8

*P=0-001, two tailed values used. tP=0-02, two tailed values used.
1:Three patients scored 0 in speed of information processing, which
rendered IQ incalculable. §Mean =50, SD= 10.

treatment, significant partial correlations remain
between age at irradiation and WISC:R full scale
and performance lQs.

Comparison of patients with controls. No significant
differences were found between patients who had
siblings tested and those who did not. The com-
parison between patients and their sibling controls
showed that the patients had an average BAS IQ
10 5 points lower than their siblings, (t (60) = 5.15,
P<0.001). Patients in groups 1 and 2 had signifi-
cantly lower IQs than their controls, but patients in
group 3 did not differ from their controls (Table 5).
The patients scored significantly lower than the
controls for short term memory, non-verbal reason-
ing, and speed of information processing.
As the results consistently showed, patients in

group 1 had lower intellectual abilities than those
in groups 2 and 3. Further analysis was, therefore,
carried out to compare their performance with that
of children matched for age, sex, and socioeconomic
background. These children were selected from all
the siblings assessed in this study, and 25 matched
pairs were identified. The patients' average IQ was
found to be 97 9, and the matched controls had an
average IQ of 1 3.5 (t (24)= 4 9, P<0 * 01).
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Attainment. Results of the BAS reading test showed
that 42% of the patients and 15% of the siblings were
reading at a level below the 25th centile for their
age group. Forty one percent of group 1, 59% of
group 2, and 20% of group 3 fell into this category.
Of all the patients, 14% were identified as having
specific reading retardation-that is, having reading
ages 30 months or more below those predicted on
the basis of their chronological age and intelligence.
This is significantly higher than the expected rate of
5% (x2=7 53, P<0 01). Three siblings (4%) were
found to have specific reading retardation of this
degree. (The multiple regression equation used for
predicting reading age using BAS IQ and age was
(1-07 x CA) + (-98 x IQ)- 105-66). This was
obtained from a sample of 96 healthy children with
mean age 107 months, mean IQ 111, mean reading
age 118 months). Yule et al., using a different reading
test, found that fewer than 50% of their sample of
normal 6-12 year olds had specific reading retarda-
tion.1' Results of the arithmetic test showed that
32% of the patients and 14% of the siblings scored
below the 25th centile for their age group. Fifty
three percent of group 1, 22% of group 2, and
24% of group 3 were backward in their arithmetic
skills.

Behaviour. Results of the Rutter Parent Behaviour
Questionnaire showed that 16% of the patients
and 13% of the siblings scored above the cut off
point for behavioural deviance. Results of the
Rutter Teacher Behaviour Questionnaire showed
that 17% of the patients and 6% of the siblings
scored above the cut off point for behavioural
deviance as rated by teachers (X2 = 3-29, P<0 1).
These results do not differ greatly from those
reported in studies in the general population.9 10
School attendance was rated as good to excellent in
most cases. Only 6 patients (5 %) were said to show
poor attendance.

Discussion

Results of this study showed that children treated
for acute lymphoblastic leukaemia with a combina-
tion of chemotherapy and radiotherapy were
functioning within the normal range of intelligence
several years after completing treatment. Similar
findings were reported by Moss et al.2 and Eiser and
Lansdown.'213 Our patients, however, were found
to have higher IQs than those evaluated by Eiser
using the same tests. Apart from the fact that our
sample was much larger, our patients were older
and had stopped receiving treatment for a longer
period before the study.

The large discrepancy in IQ between patients and
their own siblings, who share the same genetic and
environmental background and who would be
expected to have comparable IQs, suggests that the
drop in IQ among the patients is mainly due to the
effects of the treatment or the disease itself, or both.
The treatment usually comprises two or three years
of chemotherapy and a course of prophylactic
irradiation of the CNS and intrathecal methotrexate.
There have been several reports of neurological and
psychological complications arising from treatment
for acute lymphoblastic leukaemia.' 3 12-16 Overt
neurological deterioration has been seen in children
without previous leukaemia of the CNS who
received cranial irradiation followed by parenteral
methotrexate in moderate doses, rather than
intrathecal or oral methotrexate. Preliminary results
of a prospective study of 36 patients receiving oral
methotrexate and 31 patients receiving intramuscular
methotrexate have shown that one year after
diagnosis patients receiving oral methotrexate show
an average increase in IQ scores (113.5 up to 115.9)
and patients receiving intramuscular methotrexate
show an average decline in IQ (110 8 down to 108.4)
(Jannoun and Chessells in preparation).

Several attempts have been made to isolate the
effects of irradiation of the CNS from the effects of
chemotherapy and disease related variables.13 1217
In spite of the small size of the samples and
the methodological differences when considered
collectively these studies strongly suggest that
irradiation of the CNS ploduces some loss of intel-
ligence among younger patients. Only one study has
failed to show significant differences between
patients treated by irradiation of the CNS and those
not treated in this way,17 but, even here, patients
with acute lymphoblastic leukaemia were found to
have some learning deficits.

In view of these reports, which have indicated that
prophylaxis of the CNS may cause neuropsycho-
logical damage, less toxic but equally effective
alternatives are being sought. Nesbit et al.18 have
found that the reduction from 2400 rads to 1800 rads
did not result in a significant increase in the incidence
ofCNS, or bone marrow relapse, or death. It remains
to be seen whether the lower dose affects the intel-
lectual development of patients with acute lympho-
blastic leukaemia any less than the higher dose.

Results of the present study show a significant
correlation between IQ and age at irradiation even
when the effects of time since completing treatment
were partialled out. Patients who were irradiated
under the age of 3 years were found to have lower
IQs than those who received treatment at an older
age and than healthy children matched for
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age, sex, and parental occupation. These results
confirm and extend the findings of previous
studies.'-3 12-13 Two other findings in this study
point to the importance of age at receiving treatment
for acute lymphoblastic leukaemia in determining
the extent to which a child's intellectual abilities are
affected. First, only patients who were treated when
aged 7 years or older were found to have IQs com-
parable to their own siblings. Secondly, a significant
negative correlation was found between IQ and time
since stopping treatment for patients who were
treated under the age of 7, suggesting that these
patients show greater impairment the longer they
survive in remission after completing treatment. One
possible explanation is that the adverse effects of the
treatment are delayed and become apparent several
years later. Evidence from our own prospective
studies of patients with acute lymphoblastic leuk-
aemia (Jannoun and Chessells in preparation) and
from the work of others3 does not support this
because a decline in intellectual functions has been
observed during the first two years of treatment.
Another possible explanation is that treatment for
acute lymphoblastic leukaemia interferes with and
arrests the normal intellectual growth of children.
Consequently, the gap between a child's perform-
ance and that of his normal peers becomes wider
the longer he survives, although his performance
does not deteriorate.
We found a large proportion of the patients to be

backward in reading and arithmetic. This might be a
result of interrupted schooling during treatment at a
critical stage for acquiring reading skills. Early
remedial help during this stage might prove to be
beneficial to patients in whom acute lymphoblastic
leukaemia is diagnosed after they have started
school. Disrupted schooling, however, cannot fully
account for the backwardness of patients in group 1
as most of them had completed treatment before
starting school and only one child in this age group
showed poor school attendance. Impaired specific
cognitive functioning is a more likely explanation in
this group, in which 41 % of patients were reading
below the 25th centile for their age group.
Further research is needed to identify patients with
acute lymphoblastic leukaemia with cognitive
deficits who may benefit from specialised remedial
education. This seems necessary in view of the
findings of brain investigations by computed
tomography, which have shown mineralising micro-
angiopathy with dystrophic calcification in asympto-
matic patients with acute lymphoblastic leukaemia.19
Price and Birdwell have found that patients under
the age of 10 years at the time of irradiation run the
greatest risk of developing microangiopathy.39

Brain lesions were found to be significantly more
prevalent among patients under the age of 5 years
at the time of irradiation. A close association was
also found between survival time after irradiation
and the development of vascular lesions.
Our results show that patients treated for acute

lymphoblastic leukaemia when they are below the
age of 3 years show greater intellectual impairment
than patients receiving treatment at an older age,
although the latter show some impairment when
compared with their own siblings. This has im-
plications for the management and education
of patients with acute lymphoblastic leukaemia,
especially of those in the younger age group. The
possibility of delaying prophylactic irradiation of
the CNS until the age of 3 years should be con-
sidered, and the search for alternative methods of
prophylaxis of the CNS that will be equally effective
but less neurotoxic should continue. Parents and
teachers of young children should be alerted to the
possibility of learning difficulties so that specialised
remedial help can be arranged at an early stage if
this seems to be needed.
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