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ABSTRACT
We present the case of a patient with right fibular osteosarcoma, who was treated with multiple chemothera-
peutic agents, including methotrexate, according to the Hong Kong Paediatric Haematology and Oncology
Study Group osteogenic sarcoma protocol. After eight weeks of treatment, he developed acute neurological
symptoms, paralleled by diffusion magnetic resonance imaging brain scan findings of restricted diffusion in
the white matter within 24 hours of symptom onset. Subsequently, three more sequential magnetic resonance
imaging brain scans were performed, with the last scan, performed at five months after symptom onset,
showing regression of the lesion.

Key Words: Diffusion magnetic resonance imaging, Methotrexate, Neurotoxicity syndromes, Osteosarcoma

INTRODUCTION
Methotrexate (MTX), a commonly used anticancer
drug, is associated with many complications, including
leucoencephalopathy.1 Clinical manifestation usually
parallels the severity of white matter damage and its
distribution.1

We present the case of a teenage boy who was admitted
with acute neurological symptoms, after treatment with
multiple chemotherapeutic agents for a fibular osteo-
sarcoma. This treatment was as specified by the Hong
Kong Paediatric Haematology and Oncology Study
Group (HKPHOSG) osteogenic sarcoma protocol,2

which includes intravenous MTX.

CASE REPORT
A seventeen-year-old male presented with right lower
leg swelling for two weeks. On examination, he was
found to have a mass, bulging from the lateral aspect of
the right proximal calf. This was subsequently confirmed
to be a fibular osteosarcoma by computed tomography
(CT)-guided biopsy. He was treated with chemo-
therapy according to the HKPHOSG osteogenic sarcoma
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chemotherapy protocol. The protocol consisted of
week-one cisplatinum and adriamycin injections, and
week-three and week-four intravenous injections of
MTX.

After two four-week regimens, he developed acute
right-sided hemiplegia, with brisk reflexes in his right
upper and lower limbs. At that time, his serum MTX
level was not high. The last MTX injection was given
four days prior to symptom onset. A CT brain scan was
performed sixteen hours after the onset of neurological
symptoms. It showed no evidence of acute intracranial
haemorrhage. A magnetic resonance imaging (MRI)
brain scan was performed two hours later (eighteen
hours after symptom onset). The T1-weighted and T2-
weighted images were normal in the left parietal lobe
white matter. Diffusion-weighted imaging (DWI) was
also performed and this showed a focal area of restricted
diffusion (Figure 1) in the left upper parietal white
matter. No other signal change was detected in the rest
of the brain.

The patient was treated with prophylactic intravenous
folinic acid for suspected MTX-induced leuco-
encephalopathy. Despite this, his condition continued
to deteriorate. He developed left-sided hemiplegia (thus
becoming quadriplegic) and then left facial nerve
upper motor neuron palsy, dysarthria and dysphagia.
Nine hours after the first MRI scan (27 hours after the
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onset of right-sided hemiplegia), his neurological con-
dition deteriorated significantly. He developed further
signs and symptoms of VII nerve palsy, increased
dysarthria and increased dysphagia. Another MRI
brain scan was performed. This MRI showed areas of
restricted diffusion at the bilateral centrum semi-ovale
and periventricular white matter (Figure 2), which had
progressed compared with findings on the first MRI
scan. Only subtle changes were noted in the T1-weighted
and T2-weighted images (Figure 3). An MR arteriogram
and MR venogram were normal. There was no internal
carotid artery obstruction or dural venous sinus throm-
bosis detected.

Three days later (seven days after the last intravenous
MTX injection and after four days of salvage folinic
acid injection), the patient’s neurological condition
improved. He regained motor power and his dysarthria
and dysphagia gradually resolved. Three weeks later,
a reassessment MRI study was performed which
showed that the extent of the lesions remained un-
changed on T1-weighted and T2-weighted images.
A DWI sequence was not performed at that time.

Four months after the fibular osteosarcoma was diag-
nosed, right-sided above knee amputation was perform-
ed for disease control. Thereafter, three more cycles of
etoposide/ifosfamide, alternating with adriamycin/
cisplatin (without further MTX injection) were given.

A fourth MRI brain scan was performed five months
after the onset of the right-sided hemiplegia and this
showed interval regression of the lesions in all se-
quences. At the last follow-up, 10 months after the de-
velopment of right-sided hemiplegia, no neurological
symptoms were evident, with the exception of occa-
sional phantom limb sensation of the right lower limb.
Disease control of the right lower limb osteosarcoma
was considered satisfactory.

DISCUSSION
Leucoencephalopathy, originating from Greek, means
literally “white-brain-suffering”. It is used to describe
white matter changes, characterised pathologically by
diffuse reactive astrocytosis, with multiple areas of
necrotic foci without inflammation. This condition

Figure 1. Axial diffusion-weighted image showing an area of focal
hyperintensity in the left upper parietal region, mainly involving the
white matter.

Figure 2. Axial diffusion-weighted image shows restricted
diffusion in the bilateral high parietal white matter.

Figure 3. Axial T2-weighted image taken 9 hours after Figure 1
showing ill-defined, slightly hyperintense areas in the bilateral
parietal region white matter.
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was first described in children with leukaemia who
developed complications associated with radiation
and chemotherapy injury. MTX is one of the chemo-
therapeutic agents known to be associated with leuco-
encephalopathy.

MTX is a cell cycle-specific agent, widely used in the
treatment of acute lymphoblastic leukaemia and osteo-
genic sarcoma.2 It inhibits dihydrofolate reductase,
preventing the oxidation of folic acid to tetrahydrofolic
acid. Moreover, the polyglutamation of MTX leads to
purine synthesis inhibition and hence inhibits cell
replication.3,4 However, throughout this process, MTX
also increases the plasma level of homocysteine,5 an
important component in the proposed pathogenesis of
MTX-induced leucoencephalopathy.

The clinical spectrum of MTX-induced leucoencepha-
lopathy ranges from subclinical disease manifested
only radiologically, to a progressive, devastating en-
cephalopathy.6,7 These symptoms may be reversible, as
demonstrated in our patient and also by other cases
reported in the literature.1,8 The reported incidence of
MTX-induced leucoencephalopathy and the time
from induction to the onset of acute neurotoxicity var-
ies widely, ranging from 11% to 68%,9 and from 2 to
127 weeks,4 respectively. In our patient, the time to on-
set of symptoms was relatively short, occurring about
six weeks after the first intravenous MTX injection.

The main CT brain scan findings of MTX-induced
leucoencephalopathy consist of focal or diffuse hypo-
density of cerebral white matter. There is usually no
intralesional enhancement, or evidence of grey matter
involvement.10,11 These findings were not detected in our
patient, probably due to the relative lack of sensitivity
of CT scanning for leucoencephalopathy and the CT
scan study being performed prior to the development
of observable CT changes. MRI brain scanning is more
sensitive to the changes of leucoencephalopathy, with
well-documented findings of transient white matter
hyperintensity on fluid-attenuated inversion recovery
(FLAIR) and T2-weighted.8,11 Recently, there have been
several reports of restricted diffusion detected by early
DWI in subacute (days to weeks) MTX-related leuco-
encephalopathy,8,12 which was subsequently reversible.
Moreover, in a recent retrospective study, abnormali-
ties were seen on DWI in all six patients before the
development of similar abnormalities in the FLAIR
sequence,8 as in our patient; focal restricted diffusion
was found in the DWI sequence at the first MRI study

(18 hours after the onset of the neurological symptoms),
while the FLAIR abnormalities could only be detected
in subsequent MRI scans. Further, DWI signal changes
progressed between 18 hours and 27 hours after symp-
tom onset, suggesting ongoing restricted diffusion.

Signal changes have been detected by DWI within one
to two days in a small series of patients,8 with subse-
quent resolution seen on follow-up imaging at one to
four weeks. As the DWI sequence was not performed
after the second MRI study for our patient, this finding
of reversible restricted diffusion was not validated in
our patient. However, signal changes on T2-weighted
image were found to be reversible at five months after
symptom onset.

The early detection of signal abnormality by DWI sug-
gests that this method may be used as a screening tool
for acute MTX neurotoxicity. As DWI is a sequence
sensitive to the detection of water molecule diffusion
within the extracellular space, the restricted diffusion
observed in the current case suggests a reduction in
extracellular space water molecule diffusion. This
phenomenon can be explained by the development
of cytotoxic oedema. To date, no consensus has been
reached regarding the pathogenesis of DWI changes
in MTX-induced leucoencephalopathy. At least two
mechanisms have been proposed in the literature for
these changes. The first mechanism, which is also the
most widely accepted, is the vascular mechanism of
pathogenesis. This proposes that vascular injury leads
to obstruction of small and medium-sized blood vessels,
spontaneous thrombosis, ischaemia/infarction, and
parenchymal necrosis.13 The vascular mechanism is
supported by perfusion defects seen in patients re-
ceiving MTX therapy14 and also by histological find-
ings seen in one fatal case.15 The second pathological
mechanism proposed is direct injury of the cerebral
parenchyma by MTX.1,13 No large-scale histological
study has been performed to support or exclude these
proposed mechanisms. There is also no consensus on
whether these mechanisms work independently or
concurrently. The finding of restricted diffusion in
our case supports an underlying cytotoxic oedema,
which could be explained by either of the proposed two
mechanisms.

From a clinical perspective, the higher apparent sensi-
tivity of DWI images in detecting drug-induced leucoen-
cephalopathy suggests the DWI sequence should be
added to the conventional MR scanning protocol, when



DSF Tsang, PL Khong

J HK Coll Radiol 2005;8:250-253 253

investigating cancer patients with unexplained neuro-
logical deficits.
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