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Background: Patients with leukemia are facing more complications in order to
achieve longer survival. We aimed to evaluate the frequency of central nervous
system abnormalities (CNS) on MRI of children with acute lymphoblastic
leukemia (ALL).

Methods: Sixty-six children with diagnosis of ALL aged 2-18 years were recruited.
Non-contrast sequences of brain MRI in addition to diffusion weighted imaging
of brain were obtained with 1.5 T (Siemens medical system) scanners in their
maintenance phase of treatment. The age of onset, type of leukemia, protocol
of treatment, and elapsed time from diagnosis were recorded. Chi-square test
was used to compare the groups and t-test was used to evaluate the effect of not
normally distributed variables.

Results: 19 (28.8%) had abnormal CNS findings identified on MRI images
including: nonspecific white matter high signal intensity in flair images with
normal DWI, white matter ischemia proved on DWI, generalized brain atrophy;,
isolated mild enlargement of lateral ventricle and extracerebral complications
including sinus thrombosis and sinusitis. Brain abnormalities were correlated
with leukemia type, chemotherapy protocol and radiotherapy (P=0.006, 0.036,
and 0.01, respectively).

Conclusion: The wide spectrum of CNS abnormalities that were observed in
children with ALL showed correlation with treatment methods and type of
leukemia in this study. Combination of radiation therapy and chemotherapy
increased CNS complications. Among extracerebral complications, dural sinus
thrombosis proved by MRV was seen more frequently in T-cell leukemia patients
treated with multiple high doses of the chemotherapy agent “L-asparaginase”.
Since some neurological complications of leukemia are treatable, early diagnosis
sounds essential.

Please cite this article as: Kamali K, Taghavinasab R, Haghpanah S, Bordbar MR, Kamalipour P. Brain MRI Findings in Children with Acute
Lymphoblastic Leukemia. IJBC 2017; 9(2): 37-43.

Introduction

(ALL) comprises about two-third of cases, while acute

Leukemia is the most common cancer in children and
has increased in frequency in the twenticth century.!
The most common signs and symptoms include fever,
anemia, thrombocytopenia, hepatosplenomegaly,
and lymphadenopathy.? Acute lymphocytic leukemia

myeloblastic leukemia (AML), chronic myelogenous
leukemia (CML), and juvenile myelomonocytic leukemia
(JMML) are less prevalent subtypes in children. Despite
the current improvements in diagnosis and treatment,
induction failure and relapse has been reported in up to
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10% of the cases.’ The improved cure rate and survival of
the patients has caused the complications to become more
noticeable.* Chemotherapy, radiotherapy and stem cell
transplantation in specific cases are the main therapeutic
options for childhood leukemia,’ which in turn have their
own complications and adverse effects that might have
some impact on patients’ survival.>” Among the most
important complications are central nervous system
(CNS)-related, as they mainly affect child’s cognition and
neuropsychological function.® Damage to normal brain
tissue is hypothesized to be mainly due to treatments
such as irradiation.” In addition, neurotoxicity and
leukoencephalopathy is proposed to be induced by some
chemotherapy drugs especially systemic and intrathecal
methotrexate (MTX) injections.'®!® Studies have
confirmed beneficial role for imaging modalities such
as magnetic resonance imaging (MRI) and computed
tomography (CT) in diagnosing CNS abnormalities.!*!
Evaluating these complications thoroughly, in terms of
incidence, risk factors, diagnosis, and treatment reveals
the priority of each treatment modality for physicians
and researchers.

We aimed to evaluate the frequency of CNS abnormalities
on MRI of patients with ALL which may help diagnosis
and management of their neurological side effects in a
timely manner.

Materials and Methods

In this cross-sectional study, 66 children of 2-18 years
with diagnosis of ALL based on flowcytometry analysis
of bone marrow aspirate were recruited. They were
visited regularly in an outpatient pediatric oncology clinic
affiliated to Shiraz University of Medical Sciences in
Shiraz, south of Iran. The patients were at different time
courses of their chemotherapy treatments and had been
treated for at least 6 months. The treatment strategy was
determined based on the type of leukemia and the risk
category. Some patients had received cranial irradiation
if they had CNS involvement or prophylactically in cases
of T-cell ALL. Those with underlying neurological and
metabolic diseases were excluded from the study.

Non-contrast sequences of the brain MRI, obtained with
1.5 T (Siemens medical system) scanners, in addition to
diffusion weighted imaging of brain were obtained in

Table 1: Clinical characteristics of the study population

the maintenance phase of treatment and the results were
recorded by a single radiologist.

The frequency of abnormalities on the patients’ brain
MRI were determined according to the age at diagnosis,
type of leukemia, treatment protocol and elapsed time
from treatment. Moreover, it was assessed whether
radiotherapy had an additional effect on brain MRI
including intra and extracerebral findings.

Data were analyzed by SPSS software, version 21.
Descriptive data were presented as mean, standard
deviation, frequency and percentage. Qualitative and
quantitative variables were compared by Chi-square
test and Student t-test, respectively between two groups
of patients. Level of significance less than 0.05 was
considered statistically significant.

Results

The study group included 66 patients (42 boys, M/F ratio
1.75), with the mean age of 5.74+3.65 years, (range 15-192
months). The mean time elapsed from treatment until
MRI assessment was 27.85+14.62 months. The clinical
characteristics as well as the treatment protocols of the
studied population are demonstrated in table 1.

As identified on MRI (Figure 1), sinusitis with or
without retention cyst was the most common finding. Air-
fluid level and mucosal thickening more than 2 mm was
considered as criteria for diagnosis of sinusitis on MRI
(30.2%, n=20).!° Other extracerebral findings included
mastoiditis (n=6) and otitis media (n=1). Nineteen patients
(28.8%) had CNS complications including: nonspecific
white matter high signal intensity in flair images with no
associated DWI abnormalities (n=7), brain atrophy (n=6),
white matter acute ischemia approved with DWI (n=5),
sinus thrombosis on MRV (n=4), and mild enlargement
of lateral ventricles without any dilatation of extra-axial
fluid (n=3). Some patients showed more than one abnormal
MRI finding. There was also one case with incidentally
found a parietal arachnoid cyst most probable having no
relation to the patient’s treatment.

The patients were treated according to ALL-BFM
protocols for pre-B and T-cell leukemia.'!® They were all
in their maintenance phase of treatment which included
monthly injections of vincristine, oral mercaptopurine,
weekly methotrexate and boosts of prednisolone for 5

Number %o

Leukemia type

Pre BALL 58 87.9

T cell ALL 8 12.1
Seizure

Yes 8 12.1

No 58 87.9
Chemotherapy protocol

Standard risk pre-B ALL 50 75.8

High risk pre-B ALL 13.6

T cell ALL 7 10.6
Radiotherapy treatment

Yes 11 16.7

No 55 83.3

"One T cell ALL patient was treated with high risk pre-B ALL protocol
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Frequency of MRI findings

Figure 1: Frequency of MRI findings in the study population

days after each vincristine injection. They also received
intrathecal injection of methotrexate every two months.
Eleven cases were also given craniospinal irradiation;
including 8 cases with T-cell ALL prophylactically, and 3
patients with pre-B cell ALL who had CNS involvement.

The patients were classified into two groups based on
their MRI finding. Those with normal brain imaging
and extracerebral findings were classified as group 1,
while those with CNS abnormalities were classified as
group 2.

Table 2 demonstrates the association between MRI
findings and different variables including age at
diagnosis, age at the time of imaging, gender, type
of leukemia, treatment protocols, time elapsed since

diagnosis/treatment, and radiation therapy between the
two treatment groups.

There was a significant correlation between leukemia
type, chemotherapy protocol and brain abnormalities
on MRI (P=0.006 and 0.036, respectively), indicating
more abnormalities in T-cell leukemia. Radiotherapy
was also associated with more brain abnormalities
(P=0.01). Among extracerebral findings, thrombosis
of dural sinus was seen more frequently in T-cell ALL
patients (P=0.009), while other MRI findings were not
correlated with the type of leukemia (table 3). Moreover,
there was no significant correlation between gender, age,
treatment duration and seizure (seen in 8 cases) with brain
abnormalities on MRI (table 2).

Table 2: Comparison of clinical and demographic characteristics between the two groups of leukemia patients with and without

CNS MRI findings
Variables Without MRI findings With MRI findings P value
N=47 N=19
Gender
Male 29 13 0.779
Female 18 6
Leukemia type
Pre B cell ALL 45 13 0.006*
T cell ALL 2 6
Seizure
Yes 4 4 0.099
No 43 15
Chemotherapy protocols
Standard risk pre-B ALL 38 12 0.036*
High risk pre-B ALL 7 2
T cell ALL 2 51
Radiotherapy
Yes 4 7 0.01%*
No 43 12
Age (month) (mean+SD) 95.1+45.9 112.3+49.8 0.183
Age at diagnosis (month) (mean+SD) 63.1+41.8 83.2+47.6 0.094
Treatment duration (month) (mean+SD) 28.1+13 27.4+18.7 0.866

9 One patient with T-cell ALL was treated with high risk pre-B —cell ALL protocol
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Table 3: MRI findings in the study population with regards to their diagnosis

Pre-B ALL T cell ALL P value

N=58 N=8

Number (%) Number (%)
Thrombosis 1(1.7) 3 (37.5) 0.005*
White matter disease 10 (17.2) 2 (25) 0.611
Brain atrophy & CSF enlargement 6 (10.3) 3(37.5) 0.326
Extra CNS 23 (39.6) 4 (50) 0.702

Extra CNS: sinusitis, mastoiditis, otitis media, retention cyst

Discussion

The male to female ratio in our study was 1.75, which
was similar to another Iranian study, assessing 368 cases
that reported a male/female ratio of 1.5.2 Among 66 cases
who were assessed by MRI, 40 patients (60.6%) had MRI
abnormalities, but 19 cases showed MRI findings which
might be attributed to the treatment. Chen and colleagues
have also reported 12 cases of brain abnormalities among
19 cases on MR and CT scans.”

Ulu and colleagues have retrospectively evaluated CNS
imaging findings of 15 patients with acute leukemia. They
found that most of abnormalities (17/22) were attributed
to the disease itself, and a minority (4/22) were treatment
related. The most common complications in decreasing
order of frequency were meningeal leukemia, orbital
chloroma, posterior reversible encephalopathy syndrome
(PRES), retinal and intracranial hemorrhage.?” While
we did not observe any documented case of leukemic
meningitis, 34.3% of our patients had extracerebral
abnormalities, with sinusitis being the most prevalent
finding.

Some authors have attributed the cerebrovascular
complications such as sinus thrombosis to the
chemotherapy agent L-asparaginase.'”*>* Others have
also ascribed white matter brain changes to MTX, which
was not associated with neuropsychological deficit.?*
There was not any case of periventricular complication
probably due to MTX among our patients.

Our results did not show any association between the
type of leukemia and brain abnormalities, except dural
sinus thrombosis which was seen more frequently in
T-cell ALL patients who had received multiple doses of
high-dose L-asparaginase in their treatment regimen.
Cerebral venous thrombosis is a unique adverse effect
of “L-asparaginase” which has been reported in up to
3% of cases.?* It has been ascribed to the depletion
of anticoagulant proteins mainly antithrombin III. The
dose, frequency and preparation of the drug have been
proposed to play some role in its coagulant activity.*">2¢
Nevertheless, as our patients had not been treated with
high-dose MTX, and they were all receiving low-dose
oral weekly MTX, no conclusion could be reached on the
association of MTX and brain abnormalities.

It was noted previously that leukemic infiltration of
the meninges and orbits were the most common CNS
findings in Ulu’s patients, although their patients had a
wide age range (1-22 years) and the sample size was too
small (15 patients). Meanwhile, Chen and colleagues have
reported the most common early CNS complications to
be cerebrovascular and infections." They also concluded

in a case report that leukemic infiltration of paranasal
sinuses should be considered in cases with sinusitis.?” Thus,
infection should be highly considered in patients with
leukemia undergoing treatment in a timely manner which
may prevent functional brain sequels in these children.

Chan et al. have reported cerebral hemorrhage as the
most common finding in ALL cases, 15% of which
were detected by T2 MRI and was mainly evident only
on gradient echo imaging.?® Chu and colleagues have
also used MR spectroscopy and have concluded that
it demonstrates metabolic changes in brain after high-
dose MTX, which was not obvious by normal MRI.%
Regarding different imaging methods used in different
centers, which may not completely reveal the associated
pathology, periodic neurocognitive tests are recommended
for such children to prevent cognition deficits.!* We found
no case of intracerebral hemorrhage in our study.

Moreover, combination therapy (radiation plus
chemotherapy), performed for patients with T-cell ALL
or patients with CNS leukemia gave rise significantly
to more brain abnormalities on MRI. Chan et. al used
radiation for 58% of their cases and established the
significant relationship between hemorrhage and
radiation.?® Although they had used different imaging
methods which might cause them to reach to a different
conclusion in terms of complications, we have also found
a significant association between radiation and brain
abnormalities. Vazquez et. al have also demonstrated that
radiation leads to white matter disease, microangiopathy,
vascular malformations, telangiectasia and secondary
neoplasms.*® Thus, it is suggested to pay more attention
to patients undergoing radiation in order to diagnose and
treat the complications earlier. Furthermore, some experts
recommend to replace radiation with safer alternatives
such as high-dose MTX to avoid its late side effects
particularly in growing children.’

In the current study, 8 out of 66 studied patients reported
to have experienced seizure at least once, but only half of
them occurred during their present illness. Seizure was
observed in two patients with T cell leukemia with sagittal
sinus thrombosis. Another patient who had seizure was a
boy with pre-B cell leukemia who developed decreased
level of consciousness, headache, visual symptoms and
convulsion in the induction phase of chemotherapy, which
was attributed to PRES confirmed by MRI. He was found
to have hypersignal images in deep white matter of left
parietal and occipital lobes about 18 months after the
incident. The last one was a case of pre-B cell ALL who
presented with fever, convulsion and hemiparesis in the
induction phase of treatment. MRI showed a large brain
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abscess at that time which was successfully treated with
drainage and broad-spectrum antibiotics. His MRI at the
time of our study which was a few years later showed
severe cortical atrophy.

This study investigated the detailed information of
children with leukemia, and aimed to give physicians
and researchers a broader view on CNS complications
or abnormalities detected by MRI. In the current study
sinusitis was the most common extracerebral pathology.
This finding is clinically important due to devastating
ophthalmological and neurological complications in
the immunocompromised children.’®* Moreover, MRI
abnormalities especially dural sinus thrombosis were
observed in T-cell leukemia which emphasizes the
necessity of more frequent CNS monitoring in this group
of leukemia patients. Additionally, patients receiving
adjuvant radiotherapy had higher brain abnormalities.
Therefore, families should be informed about the
long-term sequels of treatments and radiotherapy. The
long-term sequels in particular, might adversely affect
children’s quality of life including academic performance.
Taking into account the high frequency of adverse
effects associated with anti-leukemic treatments, some
investigators have recommended to consider some
refinements in treatment modalities.?**

To our knowledge, this is the first local study
investigating CNS findings detected by MRI in pediatric
patients with ALL. As a result, in parallel to concerns
regarding the intensity of the treatment and quality of life
of the patients, safety of the treatments and the long-term
consequences are noteworthy as well.

Our study had also some flaws and limitations in
some aspects. We did not follow the patients to study
the outcome of each of these complications in long-
term. Moreover, we did not assess the psychosocial
and cognitive consequences of CNS abnormalities. In
addition, the patients were not studied by the imaging
modalities before starting any kind of chemotherapy at
the beginning of thir disease and hence, the abnormalities
detected on MRI could not be attributable exactly to the
treatment. Larger cohort studies with longer periods
of follow up and doing imaging studies at baseline are
needed to disclose the outcome of these lesions and their
impact on the quality of life and cognitive function and
neurologic status of the survivors of leukemia.

The choice of treatment in each patient was also based
on the physician’s experience; as there are different local
treatment strategies, which make the comparison between
study groups difficult. Multicenter clinical trials with
similar treatment protocols are advised to overcome these
shortcomings.

In addition, our study included pediatric ALL patients,
and patients with AML were not investigated. As
patients with AML receive different chemotherapy drugs
from ALL patients, and their treatment usually lack
radiotherapy and intrathecal or high-dose systemic MTX,
investigating CNS related side effects in this subgroup of
patients may reveal diverse MRI abnormalities.

In conclusion, the wide spectrum of CNS abnormalities
occurring during or after treatment of leukemia could be

related to the treatment protocol or leukemia subtype.
Additional radiotherapy also increases cerebral and
exrtacerebral complications. Dural sinus thrombosis
was associated with multiple doses of “L-asparaginase”.

As long as most of the neurologic complications can be
debilitating while treatable, early diagnosis by imaging
methods and cognitive tests is essential.
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