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CURRENT PROBLEM

Cognitive deficits in children treated for leukaemia

Christine Eiser

Psychological effects of chronic childhood
diseases
In common with children who have other
chronic diseases, those with leukaemia experi-
ence a great many restrictions and disadvan-
tages; school life is inevitably interrupted, and
many children miss several months schooling
immediately after diagnosis.' 2 All children are
regularly absent during the course of their treat-
ment either for routine hospital appointments,
because of minor infections, or because of out-
breaks of contagious diseases-such as measles
or chickenpox-among the other children.

Such interruptions can have adverse conse-
quences both for their academic achievements
and for social relationships. Continued absences
mean that the children miss essential lessons,
and are continuously behind in written work.
Circles of friends may regroup and exclude ill
children, who may also return to school
changed people, both in appearance and in
character. A feeling of isolation can reduce the
children's sense of belonging to the school and
their participation in activities.
Other factors, too, work against chronically

sick children in the classroom. Teachers are
poorly informed about the implications of
disease and may feel reticent about having to
teach such children. Many fail to understand
the nature of medical complications, and worry
that they will be unable to deal with medical
emergencies should they arise. A great deal has
also been written about the extent to which
teachers have reduced expectations about how
far chronically sick children should participate
in all school activities, or perform academically.
These dilemmas have been noted particularly
among teachers of children with asthma3 and
diabetes,4 as well as among teachers generally.5
Teachers also tend to rate children with cancers
as less sociable and more isolated and with-
drawn than their healthy peers.6

Parents, too, may communicate to sick child-
ren that school attendance and academic
achievement are less important after the diagno-
sis of a chronic condition. Many parents report
that such diagnoses force them to put their
various ideas into perspective, and acknowledge
the importance of less materialistic and compe-
titive ideals.7

Children with chronic diseases typically
experience some restrictions of activities,
especially in terms of mobility or participation
in sports activities. This applies no less to those
with leukaemia.

Given these restrictions and disadvantages, it
should not be surprising that children with
chronic diseases commonly show deficits in
intellectual achievements,8 9 10 and in be-
havioural and social functioning. 1" Certain 'risk'
factors-especially social disadvantage or the
occurrence of other medical complications, as
well as the characteristics of the disease itself
(such as the extent to which it is associated with
visible deficits or reduces the child's mobility)-
seem to aggravate the possibility of adverse
psychological repercussions.'2 13
For those with leukaemia there is the addi-

tional 'risk factor' of their treatment regimens.
Both radiotherapy and chemotherapy have been
implicated as potential sources of damage to the
developing central nervous system. Sometime
after the introduction of this treatment protocol
parents began to report difficulties for their
children at school.'4 Typically, poor perfor-
mance was noted especially in mathematics,
problem solving, attention, and concentration
skills.
Moss and Nannis argued that central nervous

system prophylaxis may be particularly damag-
ing for young children, as compensatory mech-
anisms are less likely to operate when radiation
treatment includes the whole brain. 5 They
hypothesised that greater intellectual impair-
ment would also occur in younger children who
received radiation treatment before the brain
was fully developed (below 5 years). Deficits
could be expected to become more noticeable
with time. This hypothesis is based on the
assumption that new learning is more affected
than previously acquired skills, and that gen-
eralised damage early in life has a profound
effect on the individual child.

Given parental reports of underachievement,
and the possibility of radiation induced damage
to the central nervous system, a considerable
amount of research has been generated con-
cerned with the short term and long term effects
of treatment for leukaemia on the intelligence
quotients (IQ) and academic achievements of
children with the disease.

I will now consider how adequately this
research has been designed and carried out,
what conclusions can be drawn, and what
implications may be drawn for the education of
these children.

Problems in study design
To put the research findings into perspective, I
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Cognitive defiits in children treatedfor leukaemia

will first consider the problems in study design
that are encountered in work of this kind.

First of all, it is impossible to show conclu-
sively that any deficits in intelligence or
behaviour that are observed are directly attri-
butable to radiotherapy, chemotherapy, or any
other disadvantages of the disease experienced
by the child and family. For ethical reasons it is
impossible to conduct the controlled experi-
ments that would be necessary to reach such
conclusions. With few exceptions, researchers
have failed to acknowledge the interdependence
of these factors.

Secondly, there has been an over-reliance on
IQ scores as the outcome measure. IQ scores are
themselves subject to considerable variability
(as a function of the child's motivation or the
testing style of the examiner). They are unlikely
to be sufficiently sensitive to monitor fluctua-
tions or gradual declines in ability, and they are
not valid indicators of the child's ability outside
the traditional classroom setting.

Thirdly, there has always been the vexed
question of the suitability of different 'control'
groups. The result has been that children's
scores may be compared with standardised
norms, scores of 'healthy' children (matched for
age, gender, and social class), healthy siblings,
or children with other chronic or acute condi-
tions. Though all of these comparisons have
some merits, none are likely to yield a definitive
answer.

Fourthly, researchers have for convenience
opted for 'cross sectional' designs. More rarely,
longitudinal studies have been conducted.
Though the longitudinal method is essential to
understand the processes by which deficits may
occur, many difficulties arise concerning patient
attrition and repeated testing. In addition,
specific aspects of treatment may change
depending on the child's progress. For all these
reasons, longitudinal studies have not always
yielded findings that are as clearcut as might
have been hoped.

Review ofpublished reports
A report by Soni et al showed no differences in
IQ scores between children treated for leukae-
mia by irradiation of the central nervous
system, either in comparison with a 'control'
group of patients treated without irradiation, or
with a group of patients with solid tumours.16
The number of children taking part was small,
however, and there was a five year difference in
the mean age of those with leukaemia treated by
irradiation of the central nervous system and the
control group with solid tumours. These find-
ings were replicated in other studies. 7 20
A substantial number of reports, however,

did suggest that children treated by irradiation
of the central nervous system, or methotrexate,
or both, did show IQ deficits compared with
both healthy controls and with children with
other cancers who were not treated in this way.
The question became therefore not whether
irradiation of the central nervous system was
associated with deficits at all, but rather which
children or skills were most vulnerable.

Gender
One of the most consistent findings to emerge
was that cognitive impairment after irradiation
was more common and more severe in girls than
in boys.2' 22 Waber et al, for example, found
that 89% of girls and 54% of boys showed some
learning impairment measured by a conglo-
merate index of IQ and academic achieve-
ment.22 Though this was consistent with the
related finding of more impairment of growth in
girls,22 23 the results were not borne out by
other work that indicated that there was greater
vulnerability among boys.24 Waber et al pro-
posed a two stage model to account for these
findings.25 One set of processes were hypothe-
sised to affect all children treated by irradiation
of the central nervous system and tended to
increase the incidence of cognitive dysfunction
and learning disorders. The second was develop-
mentally determined and affected only girls,
with the result that boys showed impairment in
discrete skills, and girls showed more genera-
lised impairment.

Age at diagnosis
Perhaps one of the most important inferences
was that children who were younger (especially
under 3 years old) were more vulnerable than
children who began treatment later.2' 2630
These studies were often based on samples of
children still undergoing treatment or who had
only recently completed treatment, and seemed
to support the hypothesis put forward by Moss
and Nannis that younger children would be
more vulnerable. ' This might also be predicted
from understanding changes in the social or
emotional impact of the disease depending on
the child's age.3' Other work concerned with
long term survivors has, however, not con-
firmed the hypothesis of continual declines in
performance after treatment.32

Specific compared with generalised deficits
Although a number of studies suggested that
irradiation of the central nervous system
resulted in a mild generalised loss in ability,33 a
number of other studies pointed to discrete
losses in specific skills. For example, it was
noted that particular deficits occurred in quan-
titative, memory, and motor skills, especially
for those treated by irradiation before they were
5 years old.26
The possibility that there were specific cogni-

tive deficits has been noted by others.'9 21
Deficits were noted particularly in mathe-
matical skills, attention, concentration, and
memory. It is not clear why this should be so. It
may be that mathematical skills are easier to
measure than linguistic or creative skills, or that
differences in the way that children are taught
makes it more difficult for the child to make up
for absences in mathematics. It is possible that
the deficits in mathematical skills have been
overemphasised. In this respect, it should be
noted that Peckham et al reported that the range
of deficits shown in their sample was wide and
therefore the repercussions of radiation were
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determined in part by individual and genetic
factors, in addition to the treatments.34

Integration of results
Cousens et al attempted to put some order into
this area by conducting a meta-analysis of all
research published between 1975 and 1985.35
Of these 30 studies, 17 were included in the

meta-analysis, as only these fulfilled the criteria
of having patients with acute lymphatic leu-
kaemia who were treated with cranial irradia-
tion as subjects and a control group in which
irradiation was not used, and of providing
enough statistical information for a full scale 'IQ
effect size' to be calculated. The effect size was
calculated from the difference between the
mean scores of the control and treatment groups
divided by the standard deviation of the control
group scores. In addition, 10 variables were
coded wherever possible, including the number
of patients and controls, mean age at testing for
patients and controls, age at diagnosis or irradia-
tion for patients, number of units of radiation
given, duration of treatment, time since treat-
ment, type of control group, and IQ measuring
instrument used.
The mean overall effect size was -0172,

equivalent to an IQ deficit of about 11 points.
Three variables correlated significantly with the
effect size (p<005): (i) the age of the patients at
the time of diagnosis (showing greater decre-
ments the younger the patients were diagno-
sed); (ii) the age at testing of the controls (again
showing greater decrements the younger they
were at the time of testing); and (iii) the control
group (greater decrements being found when
healthy controls were compared with control
groups who had other types of cancer).
The association between effect size and

length of time since end of treatment was not
significant, though greater decrements were
associated with longer lapses of time since the
completion of treatment. There were no associa-
tions between effect size and size of the sample
or control groups, age at testing of patients,
length of treatment, instrument used to
measure IQ, or specific control group.

Subsequent analyses were conducted on two
separate groups of studies, those in which
patients were under 5 years of age at the time of
irradiation, and an older group. The younger
group (n=12) had a mean effect size of -0-82
compared with the older group (n=I1) with a
mean effect size of -0 53.
From this analysis, Cousens et al concluded

that patients receiving prophylactic treatment
including irradiation of the central nervous
system showed a decrease in full scale IQ score
(in the order of 11 points).35 In addition,
children treated at younger ages showed greater
deficits. They calculated a mean loss of 17
points for children treated before 4 years of age,
compared with 7 points for those treated later.
They also suggest that IQ scores do not drop to
their lowest levels until some time after treat-
ment. Greater decrements were observed in
studies in which children had been treated at
least three years earlier (n=18) compared with
those treated more recently (n= 5).

Although the meta-analysis was excellent in
the way in which it drew together much of the
published work and indicated the mean decre-
ment in IQ, it is an inappropriate technique for
studying other issues. For example, it is still not
clear whether patients have a generalised deficit
in IQ, or whether specific skills are affected, nor
is it clear whether IQ decrements are contin-
uous and progressive, nor if there is a point at
which scores stabilise, and even some recovery
occurs. We know relatively little about the
effects of irradiation as a function of gender, or
social class, yet both these may be critical
mediators of decrements.

Long term survivors
Most of the work reviewed so far has been based
on patients who were treated for leukaemia and
survived without recurrence over relatively
short periods of time (up to five years). As the
numbers of patients who survive even longer
has increased, interest has slowly shifted
towards the consequences for those patients.
Research concerned with long term survivors is
of interest for two reasons. Firstly, it is neces-
sary to establish whether children who are well,
and have completed treatment, show the same
kind of deficits as those who are in shorter term
remission. This is relevant to the practical ques-
tion of whether these children continue to need
remedial help at a time when they are consi-
dered to be medically 'cured'. Secondly, the
study of long term survivors is relevant to the
issue of how irradiation of the central nervous
system affects development; the issue is
whether children's abilities are permanently
blunted, or if and when intellectual recovery
occurs.
Malpas suggested that achievements at

school leaving age (in terms of examination
passes) compared favourably with those of the
rest of the population.36 Subtle deficits in long
term survivors have, however, been identified
by Mulhern et al and Peckham et al.323"
Peckham et al studied 23 children who had

been treated by irradiation of the central
nervous system and intrathecal methotrexate 8-
10 years earlier.34 Lower than expected scores
were obtained in both reading and mathematics
after consideration of scores before treatment
and currently. Difficulties were noted particu-
larly in attention and concentration, memory,
sequencing, and comprehension. They argued
that long term survivors showed specific deficits
rather than generalised retardation. Despite this
some children seemed to achieve appreciably
more than expected, presumably reflecting the
fact that individual or remedial help and paren-
tal support could do much to alleviate the
potential damage of treatment of the leukaemia.

In a comparable study, Mulhern et al studied
183 children all of whom had been treated for
cancer at least five years earlier and were
currently free of disease.32 Problems with both
academic work and adjustment were found
among children who were older on beginning
treatment, who had been treated by irradiation
of the central nervous system, and who lived in
one parent families. Both these studies pointed
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to the continuing need to support and offer
remedial help to long term survivors. Inevit-
ably, however, children in this kind of study
were treated some time ago, and therefore
may have received different-perhaps less
acceptable-treatment compared with today's
standards.

Interventions and implications
Most studies concluded that children with
leukaemia treated by irradiation of the central
nervous system should be offered additional
educational help at school. Mulhern et al, for
example, suggested that deficits could be identi-
fied in long term survivors indicating that
remedial help may be advisable throughout
treatment and for many years after.32
We have, however, made little progress in

deter iing the kind of remedial help that may
be most beneficial. Though additional indivi-
dual help with basic skills may alleviate the
worst side effects of irradiation, real progress in
modifying specific deficits can be achieved only
by the development of programmes aimed
directly at the particular cognitive deficits that
children experience. There are consistent indi-
cations that concentration and attention skills,
or problem solving abilities, are most likely to
be affected. Remedial help needs to be concen-
trated on developing these skills, rather than
relying on methods to help healthy children
with more general learning difficulties.

It is also naive to assume that academic
achievement is determined solely (or even
predominantly) by educational interventions.
Children's achievements in school are also
dependent on intrapersonal factors such as self
esteem and coping skills, as well as position
within the peer group. We know that children
with leukaemia can experience lowered self
esteem and can be subject to teasing from
peers.35 In a study of 138 long term survivors
who had completed treatment, Greenberg et al
found that, although most children scored
within normal limits on measures on self-
concept, depression, and locus of control, a
proportion showed significantly lower scores.37
Those with residual deficits had poorer self con-
cept, more depressive symptoms, and a more
external locus of control compared with those
with mild deficits or none at all. In the final
analysis, however, perhaps we need to examine
the fundamental question we are asking.
Research has focused on identifying 'cognitive
deficits' in children treated by irradiation of the
central nervous system, and while acknowledg-
ing the difficulties inherent in such an
approach, most workers have nevertheless made
the assumption that somehow radiation effects
would outweigh any disadvantages to the social
or emotional experiences of the family. There
are, however, many reports that suggest that the
children themselves may suffer adverse emo-
tional consequences and depression,38 and that
families undergo enormous upheaval and
stress.39 40 Even healthy siblings can be
adversely affected.4' The treatment that is
currently offered to children with leukaemia
may ultimately be shown to be associated with

some iatrogenic effects, but for the moment
these are not proved. It is possible and highly
desirable, however, that in the meantime inter-
ventions are directed at those consequences of
treatment that are more easily identifiable.
Routine liaisons with schools and teaching
personnel should be offered, and psychological
support (in addition to practical or financial
help) provided for all family members who need
it.

For children themselves interventions may
need to foster intrapersonal and interpersonal
skills in addition to focusing on academic abili-
ties. Children with leukaemia may need to
explain their disease, its treatment, and implica-
tions to others, and can experience considerable
unease in doing so. These difficulties are of
course shared by children with other chronic
diseases. For example, those with diabetes may
need to explain why they need injections, or
why they may need to eat before physical activi-
ties. There is evidence that children with
diabetes42' and asthma45 can benefit from
training in 'social skills', which may help them
resolve and deal with difficult social encounters.
It may well be that these approaches need to
be integrated with more straightforward educa-
tional interventions ifwe are really going to help
children with leukaemia to be thoroughly inte-
grated and competitive with their peers.
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