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Abstract

Objectives: Chemotherapy-induced cognitive impairment (CICl) is one of the most prominent side effects as it
negatively impacts activities of daily life of the affected role. These problems can range from subtle to severe and
last for months or years after discourse. As cognition is an important predictor of survival in patients with
hematological malignancy, savvy factors that lead to CICI in hematological malignancies warrant attention.

Patients and methods: This is a cross-sectional discipline that was conducted at the Clinical Hematology Section
in Ain Shams University Hospital during the period from March 2017 to September 2017. We studied the
prevalence of cognitive deterioration among treated patients with chemotherapy for hematological malignancy,
and we described its correlation to demographic data and risk agent. Test of cognitive function has been done by
using Montreal Cognitive Assessment (MoCA).

Results: Out of 150 patients with different hematological malignancies who finished their chemotherapy at least 6
month ago, we found that 93 patient roles (62%) are cognitively impaired. The average score of Montreal test for all
patient role was 23913 +3.997. CICl is more among patient who received parenteral chemotherapies and closely
related to premedication comorbidities, and all patients with myelodysplastic syndrome (MDS) were cognitively
impaired. Also, there was a positive correlation between patient age and cognitive handicap as mean age of
patients with abnormal cognitive function was 51.151 + 9.933 (p value < 0.001) while period of hospital admission
was showing significant correlation with impaired abstraction function (p value 0.003), and number of
chemotherapy cycles showed significant correlation with naming and orientation cognitive impairment (p value
0.029 and 0.022, respectively). We found that female patients had significant shortcoming in naming ingredient
more than male (p value 0.009). The type of chemotherapy regimen received did not significantly affected the
overall cognitive impairment, but patients who had received Velcade-based chemotherapy had significantly lower
executive and abstract function (p value 0.026). Patient roles which did not achieve remission at follow-up have
markedly significant lower scores of most of the cognitive social function.

Conclusion and recommendation: CICl is a major problem in patient role with hematological malignance post-
chemotherapy that can affect their quality of life, so fixture follow-up of the cognitive functions in those patients
for early interference with proper management of risk factor is recommended.
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Introduction

Hematological malignancies include a diverse radical of
lymphomas and leukemia that arise in cells of the im-
mune and lymphatic systems [1]. Improvements in both
the diagnosis and treatment of hematological malignan-
cies have markedly increased natural selection for many
patients. Based on the recent studies, current 5-year sur-
vival rates are as follows: leukemia 60.3%, Hodgkin’s
lymphoma (HL) 87.7%, and non-Hodgkin’s lymphoma
(NHL) 71. 4 % [1].

Chemotherapy has improved the outcomes for patients
with cancer markedly [2]. Nearly all leukemia and 69% of
NHL are treated with chemotherapeutic agents [3].
Chemotherapy has a range of side effects that depend on
the case of medications used. Most of chemotherapy med-
ications affect mainly the rapidly dividing cells of the body,
such as blood cells and the mucous cells that facing the
mouth, stomach, and intestines. Chemotherapy-related
toxicities can occur acutely after administration, within
hours or days, or chronically, from weeks to year [4].

Cognitive impairment is a very important side effect
that can decrease treatment conformity and ultimately
impact lineament of life; however, a deep understanding
of the etiology of these cognitive job as a consequence of
disease and/or treatment among hematological malig-
nancy patients is still not declared [5]. Chemotherapy-in-
duced cognitive impairment (CICI) is an accumulation
of job related to memory, attention, concentration, and
executive procedure. These problems can range from
subtle to severe, and they can last for months or years
after treatment [6].

Chemotherapy-induced cognitive impairment affects
an estimated 10 million cancer survivor in the USA
Based on data from all cases of cancer, up to 30% of can-
cer survivors experience cognitive impairment prior to
therapy and 80% during therapy, and up to 35% may live
with CICI up to 20years after handling [7]. Decreased
cognitive function is often associated with poorer quality
of life, inability to achieve work and educational goals,
inability to drive or read, and decreased social connect-
edness [8].

The growing lit in this area suggests that cognition is
an important forecaster of survival in patients with
hematological malignancy and therefore understanding
such factors that lead to CICI in hematological malig-
nancies warrants attention [9].

Patients and methods

This is a cross-sectional discipline that was conducted at
the Clinical Hematology Department of Ain Shams Uni-
versity Hospital during the period from March 2017 to
September 2017. The study included 150 patients of
same socioeconomic status of middle age group (18-55
years) with different hematological malignancy that
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received different chemotherapy regimens according to
the type of malignancies.

All patient roles finished their chemotherapy from 6
months to 2years ago. Written informed consent was
obtained from all participants. Excommunication criteria
comprise all other disorder element that could influence
cognitive function, e.g., patients who are previously diag-
nosed with epilepsy, stroke, or any other neurological in-
sults, or those who have story of inhalation psychotropic
drugs; patients with end stage renal, hepatic, or respira-
tory disease; and also patients who received cranial
radioactivity or bone marrow transplantation.

We studied the prevalence of CICI among hematological
malignancy patients post-chemotherapy, and we described
its correlation to demographic data, risk factors, nature of
disorder, and chemotherapy that had been received.

All topics underwent all of the following:

e Full history taking and thorough physical
examination

e Laboratory work-up including complete blood
picture and blood chemistry including liver function
tests, kidney function tests, serum electrolytes, and
LDH

e Viral markers for HCV, HBV, and HIV

e Bone marrow aspirate, trephine biopsy, and CSF
analysis (if indicated)

e Radiological work-up including chest x-ray, CT, and
MRI (if indicated)

o Test of cognitive function has been done by using
Montreal Cognitive Assessment (MoCA) that takes
about 10-15 min.

Montreal Cognitive Assessment includes the following:

Alternating trial making (0-1)
Visuoconstructional skills (cylinder) (0-1)
Visuoconstructional skills (clock) (0-3)
Naming (0-3)

Memory

Attention(0-2)

Vigilance (0-1)

Serial 7s (0-3)

Sentence repetition (0-2)

Verbal fluency (0-1)

Abstraction(0-2)

Delayed recall (0-5)

Orientation (0—6)

12 years or more of formal education (got extra 1 point)

The total score is the sum of all above consecutive
tests scores of 30 point. A final total score of less than
26 is considered subnormal.



Kotb et al. The Egyptian Journal of Neurology, Psychiatry and Neurosurgery

Montreal cognitive test was selected to assess mild
cognitive impairment and some of the executive func-
tions; MoCA test is superior in MCI detection and is
used for screening in VCI (Conti et al, 2015). MoCA’s
design is superior in sensitivity for detecting MCI. It in-
volves more words, fewer learning trials, and a longer
delay before recall than other tests as MMSE. It mea-
sures executive functions, higher level language abilities,
and complex visuospatial processing with numerous and
demanding tasks. The MoCA has more emphasis on
tasks of frontal executive functions and attention, mak-
ing it more sensitive in detecting non-AD dementia.

The Arabic MoCA version is identical to the English
version. It was validated in reference to CAMCOG, by
Abdel Rahman and El Gafaary in 2009 [10].

Statistical analysis
Data were collected, revised, coded, and entered to Stat-
istical Package for Social Science (SPSS) version 20.

Results

Our study included 150 patients, 64.67% of them were
males (97) and 35.33% were females (53), and their age
ranged from 18 to 55 with a mean of 45.533 + 12.877.
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The demographic and clinical characteristics of all par-
ticipants are shown in (Table 1). Our AML patients re-
ceived 3days daunarubicin plus 7days cytarabin
followed by HiDAC (high-dose cytarabin) as consolida-
tion, and old age patients received low-dose ara-c. ALL
patients received hyper-CVAD protocol, CML patients
received one of the TKIs (imatinibe, dasatinibe, or niloti-
nib), MDS patients received 5-azacitidine, MM patients
received velcade and dexamethasone, and NHL patients
received rituximab plus cyclophosphamide, vincristine,
doxorubicin, and prednisone (R+CHOP) or cyclophos-
phamide, vincristine, and prednisone (CVP) while pa-
tients with Hodgkin’s disease received doxorubicin,
bleomycin, vinblastine, and dacarbazine (ABVD), and
CLL patients received fludarabine, cyclophosphamide,
and rituximab (FCR) or chlorambucil-based therapy.

Mean number of cycles that our patient had received
was 4.020 + 2.370, and average day of hospital stay was
33.040 + 26.72433 days.

By using the Montreal test assessment, we found that
93 patients (62%) are cognitively impaired, while 57 pa-
tients (38%) had normal cognitive functions. The average
score of Montreal test for all patients was 23.913 + 3.997
with the mean individual test scores as follows: executive
was 3.5 of 5, naming was 2.96 of 3, attention was 3.70f 5,

Table 1 Demographic and clinical characteristics of all participants of the study

Number Percentage
Diagnosis AML 45 30.00
ALL 15 10.00
CML 16 10.67
CLL 20 1333
MDS 2 133
Lymphoma 25 16.67
MM 27 18.00
Chemotherapy protocol Intensified protocol 56 3733
TKls 13 867
Velcade 27 18.00
Others 54 36.00
Route of administration chemotherapy Oral 15 10.00
Parenteral 135 90.00
Comorbidities No comorbidities 104 69.33
HTN 16 10.67
DM 10 6.67
Viral hepatic infection 8 533
More than one 12 8.00
Remission status Remitted 103 68.67
Resistant or refractory 47 31.33

AML acute myeloid leukemia, ALL acute lymphoblastic leukemia, CML chronic myeloid leukemia, CLL chronic lymphocytic leukemia, MDS myelodysplastic
syndrome, MM multiple myeloma, TKIs tyrosine kinase inhibitors, HTN hypertension, DM diabetes mellitus. Intensified protocols include the following: 3 + 7, HIDAC,
hyper-CVAD, FCR, ABVD, and R-CHOP. Other chemotherapies include the following: low-dose ara-c, 5-azacitidine, CVP, and chlorambucil-based therapy
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language was 2.57 of 3, sbstraction was 1.08 of 2, delayed
recall was 4.2 of 5, and orientation was 5.8 of 6.

The comparison between group of patients with normal
overall Montreal score and those patients with abnormal
score (Table 2) revealed that patients who received paren-
teral chemotherapy had significantly abnormal Montreal
score more than those who received oral chemotherapy (p
value 0.016), and also, patients with MDS had the lowest
Montreal score (p value 0.021); moreover, there is a highly
significant relation between cognitive impairment and co-
morbidities (p value < 0.001).

There was a positive correlation between patient age
and cognitive impairment as the mean age of patients
with normal cognitive function was 36.368 + 11.883 ver-
sus patients with abnormal cognitive function 51.151 +
9.933 (p value<0.001); moreover, age is significantly
correlated with defect in all components of cognitive
function (p value < 0.001) except naming and orientation
(Table 3).

Period of hospital admission was showing no signifi-
cant correlation with the overall cognitive impairment
except with impairment in abstraction function (p value
0.003), while the number of chemotherapy cycles which

(2019) 55:56 Page 4 of 8

had been received by patients is showing a significant
correlation with naming and orientation cognitive im-
pairment (p value 0.029 and 0.022, respectively).

Both Tables 4 and 5 showed impact of some variables on
different cognitive functions. We found that female patients
had significant defect in naming component more than
male (p value 0.009). Patients who received parenteral
chemotherapy had significant affection in executive and ab-
straction function more than those who received oral
chemotherapy (p value < 0.001 and 0.020, respectively).

The chemotherapy regimen received did not signifi-
cantly affected the overall cognitive impairment. But pa-
tients who received Velcade-based chemotherapy had
significantly lower executive and abstraction function (p
value 0.026). Affected roles which did not achieve remis-
sion at follow-up have markedly significant lower scores
of different cognitive functions (p value 0.001) except
abstraction and attention functions.

Discussion

Chemotherapy (CT) is the cornerstone therapy for al-
most all hematological malignancies. Advances in CT
protocols with better supportive care and earlier

Table 2 Comparison between group of patients with normal overall Montreal score and those patients with abnormal score

Overall Montreal score Chi-square
Normal Cognitive impairment
N % N % X p value
Sex Male 40 70.18 57 61.29 122 0.26
Female 17 29.82 36 3871
Diagnosis AML 17 29.82 28 30.11 1491 0.02
ALL 8 14.04 7 7.53
CML 1 19.30 5 538
CLL 6 10.53 14 15.05
MDS 0 0.00 2 2.15
Lymphoma 4 7.02 21 2258
Myeloma 11 19.30 16 17.20
Chemotherapy Intensified protocol 23 40.35 33 3548 576 0.12
TKIs 8 14.04 5 538
Velcade 11 19.30 16 17.20
Others 15 2632 39 41.94
Route of chemotherapy Oral 10 17.54 5 538 581 0.01
Parenteral 47 8246 88 94.62
Comorbidities No 53 9298 51 54.84 2652 < 0.001
HTN 0 0.00 16 17.20
DM 2 351 8 8.60
Viral hepatic infection 2 351 6 6.45
More than one 0 0.00 12 12.90
Remission status Remitted 42 73.68 61 65.59 1.07 030
Resistant or refractory 15 26.32 32 3441
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Table 3 The correlation of the age of patients, number of
chemotherapy cycles received, and period of hospital admission
with each component of Montreal scoring system

Age No. of cycles Hospital stay (days)

r pvalue r p value r p value
Executive -044 <0001 007 037 0.01 0.84
Naming 002 097 -017 002 -007 037
Attention -048 <0001 007 0.36 0.06 043
Language -031 <0001 008 030 -018 011
Abstraction -034 <0001 0.1 0.16 -0.24 0.003
Delayed recall —041 <0001 -003 067 -0.16 0.04
Orientation -0.15 006 -0.18 002 -010 021
Total score -044 <0001 009 0.25 -0.10 0.22

detection of its toxicity will lead to an increase in the
number of patients undergoing complete remission with
the least toxicity [10].

However, the chemotherapy intake is often accompan-
ied by many side effects involving immunosuppression,
myelosuppression, gastrointestinal distress, anemia, hair
loss, secondary neoplasm, infertility, teratogenicity, per-
ipheral neuropathy, cognitive impairment, tumor lysis
syndrome, and organ damage [4].

Some cognitive problems in those who receive chemo-
therapy are more severe than in those who only receive
locoregional therapy (e.g., radiation, surgery), and it can
negatively impact activities of daily living [8, 11].

Most of the previous studies were targeting the correl-
ation between chemotherapy protocol intake and the
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cognitive functions without considering the other variable
factors. Also, few of the previous studies concerning with
CICI were targeting hematological malignancies in spe-
cific. That is why we had targeted our study for the discus-
sion of the correlation between cognitive impairment
following chemotherapy intake among hematological ma-
lignancy patients with multiple factors including the na-
ture of disease, type of chemotherapy regimen, number of
its cycles, duration of hospital stay, age of the patient, sex,
route of administration of the chemotherapy, remission
status of patients, and other comorbidities (hypertension,
diabetes, and viral hepatic infections).

In our study, 93 patients (62%) developed various de-
grees of cognitive impairment, and 57 patients (38%)
had proven to have normal cognitive functions; this is in
accordance with literature which suggests that chemo-
therapy has a negative impact on cognitive functioning
[12, 13]. Some potential mechanisms of CICI include the
following: direct neurotoxic injury to neurons, white or
gray matter microvasculature that causes direct ische-
mia, altered levels of neurotransmitters or DNA damage,
and subsequent oxidative stress [5].

Although several positive studies have found evidence
supporting the influence of chemotherapy on cognitive
functioning [1, 14—17], yet other negative studies have also
been reported [18-20]; this discrepancy may be due to
one or more of other variable factors as reported by Vardy
et al. This included the different chemotherapy regimens
administered, variations in normative data and reference
groups, difference in tools, and scales used for cognitive
impairment diagnosis [21]. Moreover, Peckham reported

Table 4 Impact of patient sex, route of chemotherapy, associated comorbidities, and remission status on the score of each

component of cognitive functions

Variables Executive Naming Attention Language  Abstraction  Delayed recall ~ Orientation  Total score
Sex Male 354+£099 300+£000 377090 261+£063 1.08+051 428 £0.95 585+047 24.16+3.70
female 352+097 288+042 362+068 249+075 1.07+064 409+1.16 5.75+0.70 2345 +4.47
t test t 0.10 264 1.05 1.10 0.07 1.09 1.04 1.04
p value 091 0.009 0.29 0.27 0.94 0.27 0.30 0.29
Route of CT Parenteral  344+095 295+027 369+084 254+069 1.04+055 417 £1.06 580+0.59 23.65+407
Oral 440£050 300+£000 393+079 286+035 140+050  466+048 600+000  2626+2.08
t test t 3.73 0.63 1.04 1.77 2.36 1.77 1.29 244
p value <0.001 0.52 0.29 0.07 0.02 0.07 0.19 0.01
Comorbidities Yes 313+£083 295+020 339£080 232+066 080+050  3.73+1.06 560+£066  22.04+381
No 3724099 296+027 386081 268+065 120+054  443+095 587+051 24.74 +3.80
t test t 3.53 0.1 3.30 3.04 4.21 3.96 1.79 3.99
p value 0.001 091 0.001 0.003 <0.001 <0.001 0.07 <0.001
Remission status ~ Remission 366091 300+000 381+075 268+058 1.10+039 442 +0.84 592+036 2461+297
Not 327£1.07 287044 351097 234+081 1.02+0.82 376 £1.25 559+0.82 2238 535
t test t 225 290 2.09 290 0.86 378 337 326
p value 0.02 0.004 0.03 0.004 038 <0.001 0.001 0.001
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Table 5 Impact of patient diagnosis and types of chemotherapy on the score of each component of cognitive functions

Variables Executive Naming Attention Language  Abstraction  Delayed recall  Orientation  Total score

Diagnosis AML 342+£107 287045 355+£089 242+083 097065 406+ 126 564+083 2295+521
ALL 393+£059 300+000 420+094 266+048 093+0.59 440+1.24 580+4.14 2493 +3.77
CML 443 +£0.51 300£000 381+065 287+034 1.37+050 468 +047 6.00 + 0.00 26.18 £ 1.94
CLL 345+£088 300+£000 380+105 270+073 1.05 £ 0.60 4.00+1.07 570+£0.73 23.70+4.53
MDS 200+£000 300+000 300+000 200+£000  0.00+0.00 4.00+0.00 6.00+0.00 20.00 +0.00
Lymphoma 332+094 300+000 392+064 268+047 120+040 448+ 051 6.00 + 0.00 2460+ 1.84
MM 337+£09 300+£000 348+064 244+069 1.14+£0.36 403+1.01 592+0.26 2340+3.19

ANOVA F 4.49 1.45 2.11 1.60 2.84 137 1.79 2.06
p value <0.001 0.19 0.05 0.15 0.01 0.23 0.10 0.06

CT protocol  Intensified CT 351+£099 289+041 369+£093 248+£078 0.96+0.66 416+127 566 +0.76 2337 +5.02
TKIs 430+048 3.00£000 376072 284+037 146+051 4.61+050 6.00+0.00 26004212
Velcade based  337+096 3.00+000 348+064 244+069 1.14+£036 403+£1.01 592+0.26 2340+3.19
Others 346+100 300+000 385+083 266+058 1.07+050 427+083 588+046 2422 +333

ANOVA F 3.18 2.09 1.21 1.72 3.04 1.03 255 1.80
p value 0.02 0.10 0.30 0.16 0.03 0.38 0.05 0.15

that cognitive dysfunction due to chemotherapy may not
appear immediately after treatment but needs at least
from 2 to 3 years after treatment cessation [22, 23].

In this study, we assessed the impact of age on the cog-
nition functions and we found a statistically significant im-
pact of aging on the cognitive functions (p value <.001)
that severely affect all cognitive components except nam-
ing and orientation. This is in agreement with Loh et al.
who reported that advancing age is a known risk factor for
cognitive impairment; the investigations of the biological
mechanics of CICI in older patient are more complex than
in younger patients for several reasons: (1) many mecha-
nisms that are involved in CICI are also involved in co-
morbid precondition, (2) comorbid conditions can
increase vulnerability to CICI by biological mechanisms
similar or dissimilar from the mechanisms causing the
condition itself, and (3) the use of multiple medications in
elderly augments the great undesired CICI [24].

Concerning the effect of premedication comorbidi-
ties like hypertension, diabetes, and viral hepatic in-
fections, our study results had shown a statistically
significant impact of comorbidities on the cognitive
functions (p value < 0.001), with a greater affection on
abstraction and delayed recall. This is in agreement
with other previous studies, which considered comor-
bidity’s impact on cognitive functioning irrespective of
the cancer diagnosis [25]. Also, Panza et al. is coming
in agreement with our results [26].

So careful measurement and assessment of comorbid
conditions are particularly important to consider in pre-
treatment assessment in cancer patients—as the same
cytokines and cognate receptors implicated in these dis-
eases are also implicated in CICI [27].

As regards the sex of the patient, our study result did
not find an appreciable impact of sex on neurocognitive
ability; however, female patients had statistically signifi-
cant impairment in naming function than male (p value
0.009). Also, some studies in pediatric group found that
girls perform more poorly than boys in assessment of
cognitive function tests [28]; this may be explained by
sex-based differences in white matter development [29].
On the other hand, males tend to perform better in
visuospatial and motor tasks, whereas females tend to
perform better in certain verbal areas [30].

In our study, we highlighted the impact of each type of
hematological malignancy (ALL, AML, CML, CLL, mye-
loma, lymphoma, and MDS) among chemotherapeutic
treated patients on the cognitive functions. We found that
there is a statistically significant impact of type of the ma-
lignancy on the cognitive functions (p value 0.21), as all
patients with MDS suffered from cognitive impairment,
especially executive functions (p value < 0.001), followed
by the abstraction (p value 0.012). Our result in accord-
ance with one cogitation of patient role with MDS or
AML patient reported increased cognitive deficits prior to
any handling and more dysfunction up to 1 month after
therapy; this may be related to the point of circulating
cytokine [31]. Another study of patients with MDS and
CML reported high pace of impairment at baseline and
improvement up to 18 months after treatment [32]. We
recommend more subject areas with larger number of pa-
tients of each disease for accurate judgment.

In our study, we found that the number of chemother-
apy cycles that had been received by patients had
statistically significant impact on naming and orientation
cognitive function (p value 0.029 and 0.022,
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respectively), patients who received Velcade chemother-
apy had statistically significant lower executive and ab-
straction function.

This is in accordance with Jones et al. who found that
many myeloma patients are likely to suffer impaired cog-
nitive function after their initial multiple myeloma ther-
apy. The patients had received a median of 3 to 4 cycles
of induction therapy with Velcade-based induction ther-
apy, and stem cell transplantation often causes further
impairment. The most common signs of cognitive im-
pairment were problems with learning, memory, and co-
ordination [33].

The period of hospital stay is another point which had
been discussed in our study, and we found that there is no
statistically significant difference between it and the CICI ex-
cept on abstraction dysfunction (p value 0.003). In contrast,
Loh et al. found that long-term hospitalization may increase
and worsen the cognitive impairment as it affects the quality
of life of the patients in general. Thus, much more studies
with longer period of follow-up are needed [34].

When comparing between the effect of oral and paren-
teral routes of chemotherapy on cognition functions, we
found a significant difference being more with parenteral
route (p value 0.16) with highly significant defect in ex-
ecutive part (p value <0.001). However, most studies
stress that drugs that can cross BBB (e.g., methotrexate
or 5-fluorouracil) has more detrimental effects on cogni-
tion function. It was suggested that cytokines play a
dominant role in the neuro-immuno-endocrine pro-
cesses induced by cancer cells and cytotoxic chemother-
apy. Chemotherapeutic agents, which are mostly unable
to hybridize the blood-brain barrier (BBB) due to their
molecular size, can cause toxicity to the brain indirectly
via the pro-inflammatory cytokine pathways. It also was
suggested that the accumulation of a combination of
drug, rather than some drugs, may enhance the neuro-
toxicity in cancer patient.

Another point of study was the follow-up assessment
after 6 months, and its impingement on chemotherapy-in-
duced cognitive handicap revealed no statistically signifi-
cant divergence. However, some other studies uncovered
that deteriorated cognitive affair in children with cancer
could be attributed either to cancer treatments including
chemotherapy or to cancer per se as some patients who
did not achieve remission had poorer cognitive function
[35]; this controversy may be explained by relatively short
stop of the study and in need for wide scale of patients.
So, further larger, prospective, long-term studies are ne-
cessary to definitively assess this impairment.

To summarize, there is a necessary need of more com-
prehensive neuropsychological tests for specific information
about the nature and severity of intellectual dysfunction at
different times throughout the distance of the discourse full
point and even for long terminus survivors as a second step
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to provide an improved scene for specific effect related to
cognitive dysfunction in patients with hematological malig-
nancies. Besides, studies on big sample distribution are also
advised to clarify the role of predisposing variables.

Furthermore, the growth of interference that addresses
cognitive late answer is imperative, and intervention stud-
ies can be more successfully created to target the actual
mechanisms to try and prevent cognitive impairment from
occurring and address it once it has happened.
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