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Abstract: Introduction: Subtle neurocognitive deficits have been recently observed in Acute 

Lymphoblastic Leukemia (ALL) survivors. 

Aim: We aim to assess the neurocognitive functions of ALL survivors who had been treated with 

chemotherapy only using two different protocols, and to identify treatment-related risk factors.  

Patients and Methods: We carried a multicenter study involving 3 pediatric oncology centers on 

100 children who were treated for ALL. Fifty patients were treated by the modified Children’s 

Cancer Group (CCG) 1991 protocol with low dose methotrexate and 50 children were treated by 

Total XV protocol with high dose methotrexate. Fifty healthy children were included as a control 

group. Psychometric assessment using Arabic version of Wechsler intelligence scale for children 

(WISC III) was performed for all patients and controls. 

Results: Patients had significantly lower mean full scale IQ, performance IQ and verbal IQ than 

controls. Patients � 5 years at diagnosis had significantly lower mean full scale IQ and performance 

IQ than patients>5 years at diagnosis, while the verbal IQ showed no significant difference between 

both age groups. Female patients had significantly lower mean full scale IQ, performance IQ and 

verbal IQthan males. Patients who received Total XV protocol with high dose methotrexate had 

significantly lower mean full scale IQ, performance IQ and verbal IQ than patients who received 

modified CCG 1991 protocol with low dose methotrexate. 

Conclusions: CNS directed chemotherapy might appear to affect neurocognitive functions in chil-

dren with ALL, which is more significant in young children at diagnosis, in girls and in those re-

ceiving high dose methotrexate.  

Keywords: Neurocognitive, ALL, chemotherapy, children, survivors, leukemia. 

1. INTRODUCTION 

 ALL is the most common cancer diagnosed in children 
and represents approximately 25% of cancer diagnoses 
among children younger than 15 years [1]. The improvement 
in the overall survival pediatric ALL is considered a real 
success story in modern clinical oncology with an 80% over-
all survival. This improvement has been attributed to the 
development of new chemotherapeutic drugs together with 
enhanced support services and evolution of risk-adapted 
therapy [2].  

*Address correspondence to this author at the Pediatric Oncology  

Unit, Faculty of Medicine, Zagazig University, Zagazig, Egypt;  

Tel: 00966565580081; E-mail: lamesh25@yahoo.com 

 Unfortunately, a significant increase in morbidity has 
accompanied this development and many drawbacks were 
associated with the intensive anticancer treatment regimens 
[2]. Impaired neurocognitive functioning has been observed 
as a significant long-term consequence of ALL treatment [3] 
with clear effects on learning abilities, academic achieve-
ment, emotional development, emotional regulation and ca-
pacity for coping [4].  

 Cranial irradiation has been reported to have more severe 
long-term neurocognitive and psychosocial effects than CNS 
directed therapy [5]. However, there is growing evidence 
that chemotherapy alone may have long- term neuropsy-
chological sequlae [6].  
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 We herein aimed to evaluate the neurocognitive functions 
of ALL pediatric survivors who have been treated with che-
motherapy only using two different protocols, and to identify 
treatment-related risk factors that can lead to neurocognitive 
impairment. 

2. MATERIALS AND METHODS 

 We carried a multicenter cross-sectional study on those 
children in the pediatric oncology unit of Zagazig Univer-
sity, National Cancer Institute and Benha pediatric special 
hospital. Patients: The study included 100 children who were 
treated for ALL.  

 Patients were subgrouped according to the protocol of 
treatment into: 1. Group1: 50 children treated by modified 
Children’s Cancer Group (CCG) 1991 protocol for standard 
risk ALL with intravenous Vincristine (VCR), dexametha-
sone, L-asparginase (L Asp), Ara C and Doxorubicin (Dox) 
with low dose intrathecal Methotrexate (MTX) as induction 
therapy. Followed by consolidation with 6-mercaptopurine 
(6MP) and VCR. Then interim maintenanace phase I, de-
layed intensification, interim maintenance phase II, and 
maintenance cycles. 2. Group 2: 50 children treated by Total 
XV protocol with prednisilone, VCR, L Asp, Dox, ARA C, 
6MP and cyclophosphamide as induction phase. Followed by 
high dose methotrexate as consolidation phase. Then con-
tinuation therapy follows with reind uction I and II phases. 

 Inclusion Criteria: 1- Patients who finished chemother-
apy regimens for ALL (modified CCG 1991 or Total XV 
protocol). 2- Patients who survived for at least 12 months 
after finishing their chemotherapy regimens. 3- Patients with 
age from 5 to 15 years old.  

 Exclusion Criteria: 1- Patients with any known mental, 
psychological, or motor impairment 2- Patients with previ-
ous or current CNS disorders. 3- Patients less than 5 and 
more than 15 years old. 4- Patients who received cranial ir-
radiation.  

 Controls: Fifty healthy children matched for gender, age, 
language and socioeconomic status and with normal devel-
opment were included as a control group.  

3. METHODS 

 Psychometric assessment using Arabic version of 
Wechsler intelligence scale for children [WISC III] [7] was 
performed for all patients and controls.  

 It yields verbal, performance, and a combined full scale 
IQ tests and consists of six verbal subtests and six perform-
ance subtests as follows [7]:  

3.1. Verbal IQ  

 It is calculated from six subsets scores: 1- Information 
subtest: General knowledge testing. It includes questionnaire 
about literature and geography. 2- Digit span subtest: Test 
child ability to repeat strings of digits recited by the exam-
iner. 3- Vocabulary subset: Test the child's vocabulary. 4- 
Arithmetic subtest: Test the arithmetic skills of the child. 5- 
Comprehension subtest: Test the ability of the child to solve 
practical problems and explain the meaning of simple prov-
erbs. 6-Similarities subtest: Test the ability of the child to 

describe the similarities between pairs of items, for example 
that oranges and apples are both fruits. 

3.2. Performance IQ 

 It is derived from scores of six subtests. Scores of the 
performance subtests are based on the number of correct 
answers and the speed of response. 

 1- Picture completion subtest: Test child ability to com-
plete pictures with missing elements. 2- Picture arrangement 
subtest: Test child ability to arrange pictures in order to tell a 
story 3- Block design subtest: Test the child’s ability to use 
blocks to make certain designs. 4- Object assembly subtest: 
test the child’s ability toput together pieces in such a way as 
to construct an entire object. 5- Coding subtest: Test child 
ability to make pairs from a series of shapes or numbers 6- 
Mazes subtest: Test child ability tosolve maze puzzles of 
increasing difficulty. 

3.3. Administration Time 

 Around one hour to one and half hours. The child can 
complete the test in two separate sessions. 

3.4. Ethics 

 The current study was in accordance with the Helsinki 
Declaration 2013 [8] and was approved by the research and 
ethical committees of Zagazig University, Benha University 
and National cancer institute.  

3.5. Consent 

 Written informed consents were obtained from the par-
ents or other legal guardians of the contributing children for 
contribution of their children in the current study. 

3.6. Statistical Analysis 

 Data were analyzed using SPSS version 11(SPSS Inc., 
Chicago, IL, USA). For quantitative variables; mean ± stan-
dard deviation were used while for qualitative ones; number 
and percentage were used. Unpaired student t-test and Pear-
son coefficient of correlation (r) were used when appropriate. 
P-valuesis considered significant if less or equal to 0.05 and 
highly significant if less or equal to 0.001. 

4. RESULTS 

 The current study included; 56 females and 44 males 
with mean age of 10. 75 ± 2.685 years. Patients had signifi-
cantly lower mean full scale IQ, verbal IQ and performance 
IQ than controls (91. 20, 85.60 and 97.28 versus 111.7, 
103.5 and 115.7 respectively, p value <0.05).  

 Additionally, there was significant difference between 
patients and controls in all verbal and performance IQ sub-
tests (Table 1). Patients � 5 years at diagnosis had signifi-
cantly lower mean full scale IQ and performance IQ than 
patients>5 years at diagnosis (69.48, 45.96 versus 92.45, 
98.41 respectively, p value <0.05), while there was no sig-
nificant difference between both age groups as regards ver-
bal IQ (p value >0.05). Also, significant difference exists, 
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between both age groups in almost all performance IQ sub-
sets except picture completion and mazes (Table 2).  

 Female patients had significantly lower mean full scale 
IQ, verbal IQ and performance IQ than male patients (86.43, 
80.43 and 92.46 versus 97.27, 92.18 and 103.41 respectively, 
p value <0.05). Also, there was significant difference be-
tween the female patients and male patients in almost all 
verbal and performance IQ subtests except vocabulary and 
picture arrangementsubsets (Table 3).  

 Patients who received Total XV protocol with high dose 
methotrexate had significantly lower mean full scale IQ, 
verbal IQ and performance IQ than patients who received 
modified CCG 1991 protocol with low dose methotrexate 
(82.88, 77.04 and 88.76 versus 99.52, 94.16 and 105.80 re-
spectively, p value <0.05). Also, significant difference exists, 
between both treatment groups in almost all verbal and per-
formance IQ subtests except picture completion and coding 
subsets (Table 4). 

 
Table 2. IQ in patients in relation to age at diagnosis. 

-  Patients � 5 years (n = 46) Patients > 5 years (n = 54) 

  Mean SD Mean SD 

P value  

F IQ 69.48 7.65 92.45 11.35 <0.05 

V IQ 86.48 11.86 84.85 18.99 >0.05 

P IQ 45.96 12.49 98.41 18.98 <0.05 

Verbal IQ subtests 

Information 8.39 3.20 7.37 2.17 >0.05 

Comprehension 5.00 1.68 5.00 3.60 >0.05 

(Table 2) Contd… 

Table 1. IQ in patients and controls. 

-  Patients (n = 100) Controls (n= 50) 

  Mean SD Mean SD 
P value 

F IQ 91.20 13.15 111.7 18.45 <0.001 

V IQ 85.60 15.97 103.5 18.24 <0.05 

P IQ 97.28 16.21 115.7 12.72 <0.05 

Verbal IQ subtests 

Information 7.84 2.71 10.4 3.53 <0.05 

Comprehension 5.00 2.85 9.50 4.88 <0.05 

Arithmetic 4.40 2.51 8.60 1.65 <0.05 

Similarities 5.90 3.05 8.70 3.56 <0.05 

Vocabulary 4.04 3.18 12.20 5.07 <0.001 

Digital span 5.42 2.24 9.40 2.55 <0.05 

Performance IQ subtests 

Picture completion 8.34 3.07 11.60 1.90 <0.05 

Picture arrangement 6.18 2.95 12.30 0.95 <0.05 

Block design 5.36 2.93 9.50 2.07 <0.05 

Object assembly 3.36 2.81 7.90 2.42 <0.05 

Coding 11.16 4.42 15.90 4.25 <0.05 

Mazes 7.82 2.33 13.30 4.03 <0.05 

SD: Standard Deviation; IQ: Intelligence Quotient; FIQ: Full Scale IQ; PIQ: Performance IQ; VIQ: Verbal IQ. 
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- 
Patients � 5 years (n = 46) Patients > 5 years (n = 54) 

  Mean SD Mean SD 

P value  

      

Arithmetic 10.13 2.70 8.78 2.19 >0.05 

Similarities 7.00 2.94 6.81 3.19 >0.05 

Vocabulary 3.65 3.02 4.37 3.33 >0.05 

Digital span 7.78 2.26 7.11 2.23 >0.05 

Performance IQ subtests 

Picture completion 8.22 3.50 8.44 2.71 >0.05 

Picture arrangement 2.83 2.13 6.48 3.51 <0.05 

Block design 2.60 4.30 8.50 4.20 <0.01 

Object assembly 5.80 2.40 8.00 2.70 <0.05 

Coding 7.35 4.97 13.00 4.05 <0.05 

Mazes 9.78 2.47 8.95 2.25 >0.05 

SD: Standard Deviation; IQ: Intelligence Quotient; FIQ: Full Scale IQ; PIQ: Performance IQ; VIQ: Verbal IQ 

 

Table 3. IQ in patients in relation to gender. 

- Boys (n = 44) Girls (n = 56) 

  Mean SD Mean SD 
P value 

F IQ 97.27 13.936 86.43 10.44 <0.05 

V IQ 92.18 15.117 80.43 14.908 <0.05 

P IQ 103.41 13.129 92.46 16.906 <0.05 

Verbal IQ subtests 

Information 7.95 2.380 5.75 2.989 <0.05 

Comprehension 8.59 3.459 4.54 2.219 <0.05 

Arithmetic 9.45 2.425 7.36 2.614 <0.05 

Similarities 8.82 3.231 5.18 2.73 <0.05 

Vocabulary 4.91 3.804 3.36 2.453 >0.05 

Digital span 8.32 2.124 3.71 2.106 <0.05 

Performance IQ subtests 

Picture completion 9.32 1.912 5.36 3.773 <0.05 

Picture arrangement 6.77 3.366 5.71 2.537 >0.05 

Block design 9.14 2.748 5.75 2.977 <0.01 

Object assembly 9.82 2.954 5.00 2.694 <0.05 

Coding 13.82 4.159 7.64 4.676 <0.01 

Mazes 8.59 1.992 5.21 2.425 <0.05 

SD: Standard Deviation; IQ: Intelligence Quotient; FIQ: Full Scale IQ; PIQ: Performance IQ; VIQ: Verbal IQ. 
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Table 4. IQ in patients in relation to treatment protocol. 

 - CCG- 1991 Protocol (n = 44) Total XV Protocol (n = 56) 

  Mean SD Mean SD 
P value 

F IQ 99.52 12.118 82.88 7.865 <0.001 

V IQ 94.16 13.484 77.04 13.655 <0.001 

P IQ 105.80 10.985 88.76 16.256 <0.05 

Verbal IQ subtests 

Information 8.88 2.297 6.80 2.739 <0.05 

Comprehension 6.36 3.264 3.64 1.440 <0.05 

Arithmetic 10.32 2.673 8.48 1.982 <0.05 

Similarities 7.84 3.158 5.96 2.669 <0.05 

Vocabulary 5.12 3.420 2.96 2.557 <0.05 

Digital span 8.36 2.018 6.48 2.084 <0.05 

Performance IQ subtests 

Picture completion 8.56 2.663 8.12 3.468 >0.05 

Picture arrangement 7.52 3.356 4.84 1.650 <0.01 

Block design 9.52 2.104 7.20 3.215 <0.01 

Object assembly 6.28 3.103 4.44 2.181 <0.05 

Coding 13.88 3.822 12.44 4.976 >0.05 

Mazes 8.56 1.417 7.08 2.812 <0.05 

SD: Standard Deviation; IQ: Intelligence Quotient; FIQ: Full Scale IQ; PIQ: Performance IQ; VIQ: Verbal IQ. 

 

 
Fig. (1). Significant negative correlation between the duration from the end of therapy and verbal IQ.  

 

 There was a significant negative correlation between 
each of verbal and performance IQ and the duration from the 
end of therapy (r = - 0.355 and - 0.329 respectively, p value 
<0.05) (Figs. 1 and 2).  

5. DISCUSSION  

 It was proved that cranial irradiation has long term detri-
mental impact of on intellectual functions and learning abili-
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ties and as a result for this, it has been largely replaced by 
CNS directed chemotherapy for treatment of childhood ALL. 

 Growing evidence is emerging that chemotherapy alone 
may impair activities of the brain, such as thinking, attention, 
memory, speech and flexible thought [9]. It is thought that 
CNS infiltration, mostly subclinical, is present in the major-
ity of children with ALL and without preventive therapy 
directed at the CNS; up to 80% of these children develop 
CNS leukemia [10] with considerably increased rates of 
morbidity [11] and mortality [12].  

 In the current study, patients had significantly lower 
mean full scale IQ, verbal IQ and performance IQ than con-
trols. Additionally, there was significant difference between 
patients and controls, in all verbal and performance IQ sub-
tests. 

 In the majority of studies, children who have survived 
leukemia typically obtain lower IQ scores than children 
treated for solid tumors outside the CNS or matched healthy 
controls. 

 Children with solid tumors do not receive prophylactic 
CNS treatment [13-15]. Our results are in agreement with 
many other studies investigating the cognitive consequences 
of CNS chemotherapy given without cranial irradiation 
where they reported lower verbal and full Scale IQ scores, 
impaired performance on tasks involving simultaneous proc-
essing, deficits in the areas of motor performance, attention, 
and symbolic manipulation, memory problems and poorer 
academic performance [16-19].  

 Moleski [20] in his review of neuropsychological, neuro-
anatomical and neurophysiological consequences of CNS 
chemotherapy in ALL concluded that two-thirds of studies 
reported impaired intellectual functioning in ALL survivors 
receiving chemotherapy compared to controls. It has been 
documented that intrathecal methotrexate, even without ra-
diation therapy, may be linked to white matter changes, leu-

koencephalopathy, cortical atrophy, calcifications, and sei-
zures [20]. 

 Peterson et al. [3] in his meta-analysis of the neurocogni-
tive sequelae of chemotherapy in childhood ALL, reported 
worse functioning in ALL survivors in multiple domains of 
intelligence and academic achievement; Verbal memory; 
processing speed; executive functioning and fine motor 
skills.  

 On the contrary, other studies have failed to find deficits 
in neurocognitive functioning, academic difficulties or any 
evidence of lower IQ scores in childhood ALL survivors 
[21-27]. This discrepancy in the effects of CNS chemother-
apy can be attributed to the different designs of these studies. 
The studies differ in many aspects including allocation of 
participants to treatment; comparison groups; and the out-
come measures [21]. 

  In our study, patients � 5 years at diagnosis had signifi-
cantly lower mean full scale IQ and performance IQ than 
patients>5 years at diagnosis, while there was no significant 
difference between both age groups as regards verbal IQ. 

 Young age at diagnosis was proved to be an important 
risk factor for cognitive dysfunction in children with ALL 
treated with chemotherapy only in many studies [6, 28, 29]. 
This may be explained based on the susceptibility of the de-
veloping brain to damage because of the higher metabolic 
activity and lower stability of the newly synthesized myelin, 
making it more vulnerable to the toxic effects of chemother-
apy [30].  

 Castellino et al. [31] and Krull et al. [32] reported that 
young age at diagnosis was one of the most important risk 
factors for cancer-related cognitive dysfunction in children.  

 Other studies have not found CNS-directed chemother-
apy without cranial irradiation to interact with age with re-
spect to cognitive abilities, but follow up of the patients was 

 
Fig. (2). Significant negative correlation between the duration from the end oftherapy andperformance IQ. 
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not long enough time for these findings to be conclusive [16, 
33].  

 Peterson et al. [3] in his meta-analysis reported intellec-
tual dysfunction in ALL patients, even without irradiation, 
particularly in the areas of working memory, processing 
speed and perceptual reasoning skills. On the other hand, 
verbal subtests, were not significantly different between the 
study groups, suggesting that they may be spared in ALL 
survivors. 

 Our results showed that female patients had significantly 
lower mean full scale IQ, verbal IQ and performance IQ than 
male patients with significant difference between females 
and males in almost all subsets of verbal and performance IQ 
subtests.  

 This was consistent with Waber et al. [34] who assessed 
cognitive processing in 51 children previously treated for 
ALL with CNS prophylaxis and who were continuously dis-
ease-free for 5 to 12 years where they found females more 
severely affected than males. 

 Copeland and her colleagues [23] did not find any corre-
lation between female sex and cognitive dysfunction in pa-
tients receiving intrathecal chemotherapy without cranial 
irradiation. However, intrathecal methotrexate may exert a 
deleterious synergic effect when administered concurrently 
with cranial irradiation, especially in girls [23]. 

 Bleyer and coworkers referred this greater vulnerability 
in girls to the females’ more rapid brain growth and devel-
opment during childhood. White matter increase during 
childhood has been documented to be less in girls than in 
boys which might make girls more susceptible to neurotoxic 
effects of chemotherapy [35]. In the present study, patients 
who received Total XV protocol with high dose 
methotrexate had significantly lower mean full scale IQ, 
verbal IQ and performance IQ than patients who received 
modified CCG 1991 protocol with low dose methotrexate. 

 Also, significant difference exists, between both treat-
ment groups in almost all verbal and performance IQ sub-
tests. Our results were matched with Waber et al. [36] and 
Eden [37], where they reported that increased dose intensity 
of intravenous methotrexate was found to be associated with 
lower IQ in children.  

 Similarly, Buizer et al. [6], in their multicenter study on 
36 children with ALL, found that the deleterious neurocogni-
tive effects were mostly limited to children who received 
higher doses of systemic methotrexate. In the current work, 
there was a significant negative correlation between each of 
the verbal and performance IQ and the duration from the end 
of therapy.  

 This observation means that cognitive impairment occurs 
as a late sequel in children with ALL. This was supported by 
the recent studies of Armstrong [38] and Krull [32, 39] 
where persistent neurocognitive deficits and progressive de-
cline in intellectual function have been observed in adult 
cohorts who were treated for ALL during their childhood 
and were associated with reduced educational achievement 
and unemployment. 

 Also, Krull et al. [32] in their large study on adult survi-
vors of childhood ALL found worsening in executive func-
tion skills to be increased with time since diagnosis. 

CONCLUSION 

 CNS directed chemotherapy appears to affect neurocog-
nitive functions in children with ALL, which is more signifi-
cant in young children at diagnosis, in girls and in those re-
ceiving high dose methotrexate.  

 Strict follow up and monitoring of ALL survivors by 
health professionals is the cornerstone for early identification 
and treatment of the neurocognitive problems that may 
emerge over time. 
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