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Abstract

Background and Objectives: Leukemic children face many obstacles that interfere with social activities and are
at greater risk for neurocognitive dysfunction. This study aimed at highlighting the problems affecting quality of life in
leukemic children given chemotherapy without irradiation.

Methods: A Cross-sectional comparative study was conducted in 177 leukemic patients, with 281 subjects as a
healthy control. All patients and control were subjected to thorough history and examination. Cognitive functions
were examined using the Mini-Mental State Examination. Paediatric quality of life was measured using paediatric
quality of life inventory version 4.

Results: Health and activity, emotion, social relationship and school achievement were significantly impaired
among leukemic children. Orientation, registration, attention, recall and language were adversely affected in
leukemic children in comparison to healthy children.

Conclusion: Neurocognitive function and quality of life in leukemic children treated with chemotherapy were
significantly impaired as compared with the healthy group.
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Introduction
Similar to children suffering from chronic diseases, leukemic

patients face many obstacles that interfere with their academic
achievement and social activities. This is in part attributed to frequent
school absenteeism, feeling of loneliness and the worry of school
personnel about dealing with them [1]. Moreover leukemic children
are at greater risk for neurocognitive dysfunction owing to treatment
regimens used in childhood acute leukaemia. Both chemotherapy
particularly methotrexate and craniospinal irradiation are generally
associated with poor neurocognitive outcome [2].

The functional neurocognitive domains that are adversely affected
by cancer treatments are attention, executive functioning, processing
speed, working memory, and ability to learn, which impair the
academic performance and social relationship of childhood cancer
survivors [3]. Different mechanisms tried to explain these neurological
and intellectual disabilities however damage involving the cortical and
subcortical white matter is the most highlighted one [4-6].

Establishment of delicate balance between effective cancer therapy
and the lowest morbidity remains a real challenge among oncologists.
As adoption of more intensive treatment strategy even though better
cure rate may be achieved, it can lead to unacceptable toxicity [2].

Focusing upon effects of chemotherapy alone during childhood
acute lymphoblastic leukemia (ALL) treatment on neurocognitive
function as well as quality of life (QOL) did not receive the same
researchers' interest as the craniospinal irradiation did. In this study
we aimed at highlighting the neurocognitive deficits and problems
affecting the quality of life (QOL) in children treated with ALL
chemotherapy alone without using craniospinal irradiation.

Patients and Methods
This study is a cross-sectional comparative study that was carried

out in Pediatric Oncology Unit - Oncology Center Mansoura
University during the period from 1st December, 2013 to 30th

November, 2014. All children (198) of both sexes, aged from 9 to 15
years old with ALL who received chemotherapy without craniospinal
irradiation for childhood ALL for at least 6 months or those who
finished chemotherapy and followed at the study locality were
enrolled. Patients exposed to craniospinal irradiation, suffering from
mental deficits (IQ below 70), medical or psychiatric disorders were
excluded. The comparison group included 295 children from a school
near Mansoura University Hospital (from 3rd Primary school class till
3rd Preparatory school) with age range from 9-15 years old. The
comparison group was selected through systematic random sampling
method from the list of students.

All children (both ALL patients and survivors as well as comparison
group) were interviewed using Mini International Neuropsychiatric
Interview for children MINI-KID Arabic version [7,8] to exclude any
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children with psychiatric disorders from studied sample. In the group
of patients and survivors, 9 children refused to participate in this study
and 8 others were excluded from the study due to their psychiatric
disorders (6 major depressive disorders and 2 children obsessive-
compulsive disorders). Further, 4 other children were excluded due to
their inability to complete the study tools. Therefore, the final total
number of patients and survivors who actually participated in the
study was 177 from the initial 198. In the healthy group, 13 children
refused to participate in this study and another one child could not
understand study tools, and they were excluded from this study.
Therefore, the final total number of the healthy control group was 281
from the initial 295.

Data was using a special designed sheet to include socio-
demographic data (age, sex, residence, consanguinity, birth order);
treatment factors (treatment compliance, frequency of hospital
admission, frequency of follow up in the outpatient clinic).

Cognitive functions were examined using the Mini-Mental State
Examination (MMSE) [9,10] and the trail-making test (Part A and
Part B) which is a quick and easily administered test of visuo-motor
tracking, conceptualization, and mental set shifting was used [11,12].

Pediatric quality of life was measured using pediatric quality of life
inventory version 4 (PedsQL 4.0) [13] which is Child self-report
measured in children ages 5–18 years. Generic Core Scales have been
used internationally and translated into many languages including
Arabic. There are 4 subscales of the PedsQL 4.0 Generic Core Scales:
Physical functioning (8 items), Emotional functioning (5 items), Social
functioning (5 items), and School functioning (5 items).

Study protocol was approved by Medical Research Ethics
Committee of Mansoura University–Faculty of Medicine. Written
consent from the parents and their children were obtained at the
beginning of the assessment.

Data was analyzed using SPSS version 16. Qualitative variables were
presented as number and percent. Chi square test was used for
comparison between groups. Quantitative variables were tested for
normality distribution by Kolomogrov-Smironov test. Normally
distributed variables were presented as mean (SD) and unpaired t-test
was used for comparison between groups. Non-parametric variables
were presented as median (min-max) and Mann-Whitney test was
used for comparison between groups. P ≤ 0.05 was considered
statistically significant.

Results
The socio-demographic data were demonstrated in Table 1. No

statistical significance was noted as regards to age, sex, residency,
consanguinity or birth order between both groups.

Quality of life components (health and activity, emotion, social
relationship with others and school achievement) all were significantly
impaired among ALL cases when compared to their healthy peers (The
median for health and activity problems was 450 vs. 800, for emotion
was 325 vs. 500, for social relationship was 350 vs. 500 and for school
achievement was 200 vs. 500 respectively [p ≤ 0.001] (Table 2). It is
worth mentioning that some patients gave a score of zero as regard
health and activity problems, emotion and school achievement
according to the PedsQL 4.0 Generic Core Scales [13]. Similarly,
cognitive function; measured by MMSE (orientation, registration,
attention, recall, language and total MMSE) and Tail making tests (A
& B) were adversely affected in ALL children in comparison to healthy
children with statistically significant results (p ≤ 0.001for orientation,
attention, recall, language and total MMSE while p=0.039 for
registration) (Table 3).

Cases (177)

N (%)

Comparison group (281)

N (%)

Sign. test

Age (X±SD) 11.9 ± 1.5 11.96 ± 1.6 t=0.13, P=0.9

Sex M 114 (64.5) 169 (60.1) χ2=1.1,P=0.3

F 63 (35.5) 112 (39.9)

Residence R 156 (87.9) 243 (86.5) χ2=0.24,P=0.6

U 21 (12.1) 38 (13.5)

Consanguinity 110 (44.4) 116 (41.3) χ2=0.5,P=0.5

Birth order

First 35 (19.4) 61 (21.7) χ2=2.9,P=0.6

Second 81 (46.0) 115 (40.9)

Third 31 (18.1) 64 (22.9)

Fourth

Fifth and more

25 (13.7)

5 (2.8)

33 (11.7)

8 (2.8)

Table 1: Socio-demographic data of cases vs. comparison children.
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Quality of life Cases (177)

Median (Min-Max)

Compared children (281)

Median (Min-Max)

Mann-Whitney test

Health and activity problem 450 (0-800) 800 (678-800) Z=18.96, P ≤ 0.001

Emotion 325 (0-500) 500 (375-500) Z=18.3, P ≤ 0.001

Relation to others 350 (125-500) 500 (325-500) Z=17.9, P ≤ 0.001

School achievement 200 (0-500) 500 (250-500) Z=20.6, P ≤ 0.001

Total Quality of life scale 1525 (425-2250) 2300 (1925-2300) Z=20.9, P ≤ 0.001

Table 2: Comparison between cases & healthy children regarding pediatric quality of life inventory.

Cognitive function tests Cases (177)

Median (Min-Max)

Compared children (281)

Median (Min-Max)

Mann-Whitney test

Mini mental state
examination

Orientation 9 (2-10) 10 (8-10) Z=13.3, P ≤ 0.001

Registration 3 (2-3) 3 (2-3) Z=2.1, P=0.039

Attention 5 (2-5) 5 (4-5) Z=12.1, P ≤ 0.001

Recall 3 (2-3) 3 (2-3) Z=5.01, P ≤ 0.001

Language 9 (7-9) 9 (7-9) Z=9.3, P ≤ 0.001

Total MMSE 29 (19-53) 30 (28-30) Z=14.1, P ≤ 0.001

Tail making Test Tail-making A 100 (13-200) 56 (30-87) Z=14.7, P ≤ 0.001

Tail-making B 192 (40-380) 93 (52-240) Z=12.2, P ≤ 0.001

Table 3: Comparison between cases & healthy children regarding cognitive function.

Discussion
Although a great attention has been paid to assess the adverse effect

of cranial irradiation on the neurocognitive function for childhood
leukemia survivors, much less efforts have been spent to evaluate
similar effect caused by chemotherapy. In this study we tried to
evaluate the cognitive function and quality of life for those children
exposed to chemotherapy for leukemia treatment so that detecting
those who are in need for psychiatric support or special education
services in their academic career.

Major cognitive functions (orientation, registration, attention,
recall, language and tail making tests) were significantly impaired in
leukemic patients and survivors in the current study as compared to
their age and sex matched controls. This is consistent with the results
of Lofstad et al. [14] who evaluated cognitive functioning of 35
children and adolescents in long-term remission from ALL who were
treated with central nervous system prophylactic chemotherapy only
and found long-term squeal in global cognitive functions. This is
explained by delayed brain changes, most commonly reduction in the
white matter volume, intra cerebral calcifications especially with
increased intensity of chemotherapy regimens including intrathecal
(IT) methotrexate, and changes in glucose utilization and
abnormalities in event related potential in those patients [15-18].

Moreover, Brown et al. [19] reported on 48 patients with moderate-
risk ALL treated with a 3-year course of systemic and IT
chemotherapy only and concluded that the participants had
significantly poorer performance on tests of attention and memory as

well as visual construction ability than those who had recently been
diagnosed. Furthermore, these cognitive deficits tend to be not only
persistent but also progressive throughout the adulthood decades after
treatment from childhood ALL resulting in reduced educational
attainment and unemployment [20,21] making them at higher risk of
suicidal ideation compared with siblings [22].

These results are to some extent different from those of Copeland et
al. [23] who assessed the cognitive function of 99 children with
different types of
cancer, with 73% of them being leukemia and lymphoma through
neuropsychological tests and concluded that chemotherapy had only a
slight effect on neurocognitive status and was confined to perceptual
motor skills. This difference may be attributed to diversity of cancers
in nature with different treatment protocols.

In addition, quality of life (QOL) in this study among childhood
leukemia survivors was significantly lower as compared to age and sex
matched healthy children. This is matched with Hicks et al. [24] who
evaluated QOL for 13 children with ALL through phenomenological
qualitative study and they concluded that QOL among ALL children
was certainly affected and the most influencing factor attenuating their
QOL was fatigue because of its adverse effect on their activity. This
group of children usually face much more mental and emotional stress
during their unpleasant visits to the clinics and hospitals, which makes
them more vulnerable to fatigue [25]. Moreover, their school
performance is adversely affected by poor social adjustment, including
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problems with peer relations, social withdrawal, and reduced social
skills [26].

Furthermore, Zeltzer et al. [27] compared ALL survivors with
healthy subjects. Survivors had lower physical, emotional, and vitality
functions than normal population.

In contrast to the results in this study, other studies reported no
difference or even higher scores in the group of childhood cancer
survivors as compared to their healthy peers [28-30]. The possible
explanation of the latter results is the desire of the survivors to be ‘‘as
normal as possible,’’ causing a response shift or ‘‘paradox of
satisfaction’’ [31]. Moreover, childhood cancer survivors sometimes
deny difficulties on QOL measures and to report high QOL even
under difficult living conditions [32].

In conclusion we found that both neurocognitive function and QOL
in leukemic children treated with chemotherapy alone without using
craniospinal irradiation were significantly impaired as compared with
healthy controls. So screening of intellectual and QOL aspects for
those patients is mandatory so as to select those who have problems in
achieving intellectual tasks or in leading normal lives and offer
psychological and educational supports for them.
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