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Abstract

Children with a history of central nervous system neoplasia, submitted to radio-
therapy, have an increased risk of vascular complications that can be, clinically and
imagiologically, very similar to a tumor recurrence.

We describe the case of an 11-year-old child who, 10 years after diagnosis and
treatment of a medulloblastoma, suddenly developed right hemiparesis. The initial
imaging findings did not allow the exclusion of tumor recurrence, making a differen-
tial diagnosis with recent ischemic injury. Due to clinical and imaging worsening, the
patient started chemotherapy, suspended after the first cycle, due to clear neuro-
logical improvement. One month after the onset of symptoms, patient was clinically
stable, having undergone a new magnetic resonance imaging, revealing a chronic
evolution of the lesion, suggestive of a vascular etiology.

This case explores the differential diagnosis of late tumor recurrence in children
undergoing radiotherapy, highlighting the importance of etiological identification in
therapeutic guidance.

Resumo

As criancas com antecedentes de neoplasia do sistema nervoso central, submeti-
das a radioterapia, apresentam um risco aumentado de complicagdes vasculares que
podem ser, clinica e imagiologicamente, muito semelhantes a uma recidiva tumoral.

Descrevemos o caso de uma crianca de 11 anos que, 10 anos apds diagndstico
e tratamento de um meduloblastoma, iniciou subitamente uma hemiparésia direita.
Os achados imagiolégicos iniciais ndo permitiram a exclusdo de recidiva tumoral, fa-
zendo diagnéstico diferencial com leséo vascular isquémica recente. Por agravamen-
to clinico e imagioldgico, o doente iniciou quimioterapia, suspensa apds o primeiro
ciclo, por melhoria neurolégica franca. Um més apds o inicio do quadro, o doente
encontrava-se clinicamente estavel, tendo realizado nova ressondncia magnética,
que revelou evolugdo sequelar da lesdo, sugestiva de ter, assim, etiologia vascular.

Este caso explora o diagndstico diferencial de recidiva tumoral tardia em criangas
submetidas a radioterapia, realgando a importéancia da identificacao etioldgica na
orientagado terapéutica.
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Introduction

Stroke is increasingly recognized as an important late
effect in pediatric brain tumor survivors. The Childhood
Cancer Survival Study, a multi-institutional retrospec-
tive cohort study of 14 358 five-year survivors of child-
hood cancers, has showed an increase rate of stroke in
this population. Age-adjusted stroke rate was 77 per
100 000 (95% cumulative incidence 62-96), compared
to 9.3 (95% cumulative incidence 4-23) for siblings, and
treatment with cranial radiation therapy (CRT) increased
stroke risk.'

In the acute phase, CRT leads to detachment of en-
dothelium, splitting of basement membranes, and subin-
timal foam cell formation. Atherosclerotic-like changes of
the medial layer and progressive adventitia fibrosis then
follow, leading ultimately to steno-occlusion of irradiated
arteries years after the initial therapy.? Radiation vascu-
lopathy includes carotid stenosis, intracranial vessel ste-
nosis, vasculitis, and cerebral ischemia. Dysplastic vascu-
lar organization, such as moyamoya patterns of transdural
vessel anastomoses, and vascular abnormalities, such as
aneurysms and cavernous malformations, are also ob-
served.'? Risk factors for radiation-induced vasculopathy
in general include young age at the time of radiotherapy,
radiation dose, focal irradiation that includes the circle of
Willis and concurrent alkylating chemotherapy with ra-
diotherapy.? Although vessel rupture and other acute in-
juries are less common findings with modern treatments,
occlusive vasculopathies are now being seen years after
initial radiotherapy with an increased incidence because
of improved overall oncological treatments and patient
survival. The latency time from radiation to the discovery
of vasculopathy ranges broadly from 2 to 25 years.*

The appearance of radiation-induced vasculopathy and
stroke on magnetic resonance imaging (MRI) and com-
puted tomographic (CT) scans and its associated clinical
symptoms are very similar to brain tumor recurrence,””
and therefore differentiating these two conditions is a
central challenge in neuro-oncology. Here we present a
paradigmatic case addressing this clinical and imaging dif-

ficulty.

Case Report

An [ l-year-old boy presented to our institution in
March 2019 with a 4-days history of right-sided weakness.
His medical history was remarkable for medulloblastoma
diagnosed at |7 months of age, which was submitted to
resection and Headstart Il Protocol (bone marrow au-
totransplantation and craniospinal radiation of 54Gy to
the posterior fossa). Additional history included obesity

(body mass index greater than 97" percentile) and treat-
ment-related complications namely coordination changes
with fine tremor, discrete ataxia, left sixth nerve palsy and
learning difficulties. His last MRI, 2 months before the
event, did not demonstrate residual or recurrent tumor,
before or after contrast administration.

Four days prior to hospital presentation, the family no-
ticed right arm weakness with difficulties in writing and,
one day after, an additional involvement of the right leg.
Symptoms persisted in the next days and the family came
to the emergency department. His neurological examina-
tion showed facial asymmetry with left lower facial weak-
ness, muscle tone was normal, but he had right hemi-
paresis, with the arm (4/5) affected more than the leg
(4+/5). Deep tendon reflexes were difficult to elicit, and
cutaneous plantar reflex was indifferent on the right. The
remaining neurological examination was superimposed
on what was already known, considering his regular fol-
low-up in an Oncology consultation. Laboratory workup
showed normal complete blood count, prothrombin time
and partial thromboplastin time.

Urgent brain MRI was performed and showed het-
erogeneous signal changes involving the left cerebral and
cerebellar peduncles, the left median cerebellar white
matter, the left paramedian pons and the ipsilateral mar-
gin of the medulla oblongata. The pons lesion presented
marked restricted diffusion in diffusion-weighted images.
Heterogeneous but low intensity gadolinium-enhance-
ment was seen in the referred locations (Fig.1). ThreeD
time-of-flight (TOF) MR angiogram (MRA) showed no
obvious vascular lesion. These findings were suggestive of
an acute/subacute infarction, although did not rule out the
possibility of high-cellularity tumor recurrence.

On hospital day 10, he continued to progress with
worsening of the right hemiparesis (with grade 2/5),
asymmetric appendicular ataxia and dysphagia. The brain
MRI was repeated, showing further enlargement of the
known lesions, as well as the previous described gado-
linium enhancement. In the left paramedian pons an area
of clear diffusion restriction persisted, with a lower signal
in T2 and FLAIR and with gadolinium-enhancement more
intense and larger, compared with the previous study
(Fig.1).

Due to apparently relentless clinical worsening and
taking into account the distinct progressive imaging find-
ings in 10 days, with a tumefactive aspect that was not
expected in a subacute ischemic lesion, we decided to
initiate chemotherapy assuming tumor recurrence (ifos-
famide, carboplatin and etoposide).

From day 20 of hospitalization (10 days after the
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Brain MRI Findings

T2/ FLAIR hyperintense
lesions in the brainstem.
Left paramedian pons
Inicial study | lesion had restricted
diffusion (low signal on
ADC) and heterogeneous
but low intensity
gadoloinium-enhancement.

Marked increase of the
signal changes that
involved almost all of the
Ten days pons, with a tumefactive

later aspect. An area of clear
diffusion restriction
persists, with gadolinium-
enhancement more intense
and larger.

Volume decrease, minimal
restricted diffusion and less
gadolinium-enhancement

One month of the known lesions.

later

T2/ FLAIR small
hipointense lesion in the
left paramedian pons with
Six months | low DWIsignal and no
later gadolium-enhancement.

Figure 1. Brain MRI scans of the reported case.

start of chemotherapy), patient’s overall clinical picture
started to improve significantly and the brain MRI was
then repeated, one month after clinical onset, showing
volume decrease of the known lesions, less gadolinium-
enhancement and minimal restricted diffusion, which was
compatible with the evolution of an ischemic vascular
lesion (Fig.1). Taking into account this clinical and imag-
ing evolution, we decided to suspend the chemotherapy
after the first cycle. Considering this (a final diagnosis
of stroke), the patient was then discharged home, four
weeks after admission.

His stroke risk factor workup showed normal hemo-
globin Alc and elevated low-density lipoprotein at 148
mg/dL. His obesity and hyperlipidemia were considered
likely contributing factors for stroke. Given his high risk of
recurrence in the setting of radiation-induced vasculopa-
thy and hyperlipidemia, he was started on lipid-lowering
therapy. Use of antiplatelet therapy (e.g., acetylsalicylic
acid) was discussed in a multidisciplinary meeting, being

T2/ FLAIR

decided to delay its start, considering the risk of bleeding

events in a young patient that practices combat sports.

By the sixth month of follow-up, the patient continued
with a functional rehabilitation plan, maintaining progres-
sive improvement, the clinical observation did not reveal
any new focal neurological deficit and the MRI findings
have improved significantly, with normal evolution of the
ischemic lesions into chronic end-stage sequelae (Fig.1).

At the present moment, he remains being monitored
by Oncology and Neurology.

Discussion

Children with central nervous system tumors who
receive CRT are at increased risk for vascular complica-
tions."? Here we presented a case with an initial clinical
picture and imaging features consistent with acute-sub-
acute infarction. However, the progressive worsening of
the clinical status and the atypical evolution of the vascular
lesions identified in the MRI during the initial stage, led us
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to consider the hypothesis of tumor recurrence and to
start chemotherapy. This case highlights not only the di-
agnostic difficulties between radiation-induced vasculopa-
thy and tumor recurrence, but also increases awareness
for primary and secondary prevention for cerebrovascu-
lar disease after radiotherapy.

CRT is one of the main treatment modalities for cen-
tral nervous system tumors, being part of the standard
therapy of medulloblastoma patients. Long-term compli-
cations of radiation have gained more relevance, as there
has been an increase in overall survival of medulloblas-
toma patients over the past 20 years, due to improve-
ments in the quality of care.?® Vasculopathy affecting me-
dium and large intra- and extra-cranial arteries is one of
the most prominent late sequelae of CRT and, according
to Haddy and colleagues, the radiation applied to the pre-
pontine cistern has a higher impact for the development
of cerebrovascular disease than a similar radiation dose to
any other part of the brain.” However, despite the impact
of this condition in medulloblastoma survivors, it is often
underrecognized and poorly managed.?®

The appearance of radiation-induced vasculopathy on
imaging and its associated clinical symptoms could be very
similar to brain tumor recurrence, and therefore, it is dif-
ficult to differentiate between the two outcome types.
Currently, the gold standard for distinguishing is biopsy,
which has an accuracy and specificity of more than 95%.5¢
However, biopsy is an invasive strategy and has numerous
potential complications, such as infection, bleeding, and
other neurological problems. In fact, the performance of
this procedure was discussed in our case in a multidiscipli-
nary meeting, but ruled out, taking into account the high
complication rate of brainstem biopsy.

Although several studies have reported specific fea-
tures on MR to either radiation changes or tumor recur-
rence, no feature or combination of features has been
established as a reliable discriminator between these two
outcomes. Some of the imaging features most reported
to be shared by tumor recurrence and radiation vascu-
lopathy include, as in our case, origin near the primary
tumor site, contrast-agent enhancement, edema, and
mass effect.>”’

Diffusion imaging could be helpful in differentiating
stroke from tumor recurrence since the vast majority
of neoplasms do not restrict diffusion or change it only
mildly, but the clinician should be aware of some limita-
tions. Although restricted diffusion is the hallmark imag-
ing feature of acute cerebral infarction, usually developing
within | hour of insult and returning to normal by 10-14
days, a few tumors with high cellularity, including medul-

loblastoma, may show significant diffusion restriction and
thus appear remarkably bright on DW images.'® So, the
marked restricted diffusion of the lesion that we found in
our patient, did not allow us to exclude the recurrence of
medulloblastoma.

Case reports have described delayed postradiation
vasculopathy in children with treated medulloblastoma.
Small vessels and capillaries are more vulnerable than
large vessels, showing arterial wall irregularities and focal
stenoses.'* Although our patient had performed an MRA
with no obvious vascular injury, we could not rule out the
possibility of small-vessel disease with this technique. Ac-
tually, one of the known limitations of MRA is its lack of
sensitivity in the detection of distal arterial lesions.'® Previ-
ous studies reported that digital subtraction angiography
(DSA) should be considered in situations in which MRA is
normal and small-artery diseases are suspected.*'® The
performance of this exam was considered in our patient,
but we chose to delay it, considering several disadvantag-
es in a child: it is invasive, requires sedation, large amount
of contrast agent and relatively high radiation dose.

Despite the advances in medulloblastoma treatment,
approximately 30% of these patients recur and progno-
sis following relapse is extremely poor, with early detec-
tion of relapse being associated with increased survival in
these children.® In the light of this data, we decided to
start chemotherapy in our patient since his clinical status
deteriorated markedly in the first days and the MRI could
not rule out the hypothesis of tumor recurrence.

With an increased survival of cancer patients, the po-
tential benefit of more aggressive preventive strategies for
this high-risk group of patients needs to be further inves-
tigated. Evidence-based guidelines for the management
of asymptomatic and symptomatic radiation vasculopathy
are lacking.'” CRT is significantly associated with increased
incidence of obesity, raised blood pressure, hypercholes-
terolemia, and dyslipidemia in childhood brain tumor sur-
vivors.'® In view of the noted high recurrent stroke risk
amongst these patients more intensive follow-up, as well
as a more comprehensive neurovascular workup should
be implemented. Vascular imaging to detect intra and
extra-cranial vasculopathy (particularly amongst patients
with head and neck cancers treated with radiotherapy)
should be considered for all cancer patients who present
with ischemic stroke. Furthermore, since the risk of re-
current stroke is disproportional to conventional risk fac-
tors, " alternative variables should be considered. No trial
to date has adequately assessed the medical treatment
options in primary or secondary stroke prevention in this
patient group. The effect of antiplatelet, anticoagulant,
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antihypertensive, or lipid-lowering therapy in limiting dis-
ease progression is therefore unclear.'”

In conclusion, we highlight the need to consider stroke
as a result of delayed radiation-induced vasculopathy in
the differential diagnosis of new mass-like MRI findings
in patients previously treated with CRT. Our patient’s
presentation with stroke symptoms and imaging findings
resembling lacunar syndromes commonly seen in older
adults suggests that radiation combined with other risk
factors might accelerate the pathogenesis of small ves-
sel disease. For future research, we hope there would
be more focus on standardized treatment, screening and
guidelines for this disease, especially for secondary stroke
prevention, with a well-established approach to provide

timely evidence-based care for such patients. B
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