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A B S T R A C T

The regular administration of intrathecal chemotherapy has significantly reduced the risk of central nervous
system leukemia in patients with acute lymphoblastic leukemia. We report the case of 28-year-old man who
developed intrathecal methotrexate induced myelopathy; a rare but serious side effect of intrathecal chemo-
therapy. In the light of absent effective treatment strategies, description of the case, along with reviewing
similar cases published in the literature will help shed a light on the possible pathophysiologic mechanisms
behind this injury. To this date, there are no specific clinical, biochemical and imaging signs that would allow
timely detection of intrathecal methotrexate induced myelopathy. This in turn is causing delayed treatment
of this injury, resulting in significant morbidity and mortality.

© 2021 Elsevier Masson SAS. All rights reserved.
Keywords:

Intrathecal
Methotrexate
Acute lymphoblastic leukemia
Myelopathy
ed.
Introduction

The use of intrathecal (IT) chemotherapy in acute lymphoblastic
leukemia (ALL) has reduced the risk of Central Nervous System (CNS)
leukemia from 70% to 4% [1]. However, this reduction came at the
cost of rare yet serious neurologic side effects such as IT methotrexate
induced myelopathy, which has a reported incidence rate of 0.8% to
3% [2,3]. Here we report the case of a 28-year-old gentleman with T-
cell ALL and attempt to shed a light on the pathophysiology of IT
methotrexate induced myelopathy, while discussing some available
treatment options.
Case presentation

Our patient is a 28-year-old gentleman, who was diagnosed with
T-cell ALL with a mediastinal mass in August 2019. He received 8
cycles of Hyper-CVAD, along with 12 doses of alternating IT metho-
trexate and cytarabine, followed by 20 sessions of radiotherapy to
the mediastinal mass. He was then maintained on POMP protocol (6-
mercaptopurine, vincristine, methotrexate and prednisone) [4].

In June 2020, the patient complained of weakness in his right eye,
diplopia and ipsilateral facial paralysis. Three weeks later, he started
to experience the same symptoms on the left side, along with epi-
sodic occipital headache and dizziness. Brain MRI showed a lesion
highly suspicious of ALL recurrence in the fundus of the right internal
auditory canal and cerebrospinal fluid (CSF) analysis confirmed the
recurrence of his disease. On July 12 2020, he was re-started on sys-
temic methotrexate and cytarabine and received one dose of IT meth-
otrexate. In July 2020, he presented to our center for treatment
optimization. He was started on induction therapy by augmented
BFM protocol (Berlin, Frankfurt, Muenster protocol containing vin-
cristine, prednisone, L-asparaginase, daunorubicin) [5] in addition to
triple IT chemotherapy (methotrexate 12mg, cytarabine 100mg and
dexamethasone 8mg) twice weekly for two doses then once weekly
alternating doses. Bone marrow studies at the end of BFM induction
revealed complete remission with positive minimal (measurable)
residual disease for T-cell rearrangement detected by polymerase
chain reaction. The patient continued his BFM protocol and weekly
alternating IT chemotherapy totaling 11 doses since disease recur-
rence.

On day 15 of treatment, the patient reported tingling sensation of
lower extremities bilaterally, that progressively ascended over three
days to his hips. He also reported weakness of his lower extremities
that developed over the same period and he could not walk without
assistance. Physical exam revealed decreased motor power (3/5) of
the lower extremities bilaterally, absent deep tendon reflexes all over
and absent Babinski bilaterally. The rest of neurological exam, includ-
ing the sensory exam, was normal. Spine MRI at this point showed no
changes and CSF analysis and electromyography (EMG) were delayed
due to patient’s chemotherapy-induced thrombocytopenia. Patient
was started on gabapentin 300mg three times per day without sig-
nificant improvement. Five days after the symptoms’ onset, the
patient’s weakness progressed and he developed urinary retention as
well as sensory deficit of light-touch, pinprick and vibration sensation
up to the T10 dermatome. On September 20 2020, patient’s
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Fig. 1. On the left: Sagittal STIR image of cervical and thoracic spine showing high T2 signal from C1 to T8
On the right: Axial T2W image showing expansion of the spinal cord with an abnormal signal involving most of the cross-sectional area of the cervical cord.

Table 1
Summary of common clinical features from 44 reviewed cases (current case included).

Characteristic Number of patients (%) N = 44 cases

Gender
Male 30 (68.2%)
Female 11 (25.0%)
Unspecified 3 (6.8%)
Age
Range (years) 7 - 73
Malignancy
ALL 27 (61.3%)

B-ALL 15 (34.0%)
T-ALL 8 (18.2%)
Unspecified 4 (9.1%)

Other 17 (38.7%)
CNS involvement with malignancy
Yes 21 (47.7%)
No 16 (36.4%)
Unspecified 7 (15.9%)
Intrathecal chemotherapy
Methotrexate, cytarabine and steroids 19 (43.2%)
Methotrexate alone 16 (36.4%)
Cytarabine alone 14 (31.8%)
Methotrexate and cytarabine 10 (22.7%)
Methotrexate and mercaptopurine 1 (2.3%)
Unspecified 1 (2.3%)
Neurological symptoms
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thrombocytopenia improved so he underwent lumbar puncture and
EMG. Analysis of the CSF revealed no cells, normal glucose (68mg/
dL), elevated protein (77mg/dL) and borderline LDH (39 U/L). Infec-
tious work-up of the CSF including gram and fungal stains, cultures,
TB PCR as well as meningitis PCR panel (including HSV-1, HSV-2,
VZV, EBV, CMV, HHV-6, Enterovirus, Cryptococcus) all came back
negative and EMG was suggestive of central pathology. The patient
also had low serum folate (1.7 pg/mL) and normal vitamin B12
(704 pmol/L) levels. Given all these findings, diagnosis of IT metho-
trexate induced myelopathy was made. Folate was replenished along
with daily physiotherapy, but no improvement was noted. The
patient also developed pneumonia and bacteremia and after stabili-
zation, he started to receive IV methylprednisolone 1mg/Kg daily for
his myelopathy. However, his neurological status continued to dete-
riorate: He became paraplegic and had gradual bilateral upper
extremity weakness and his sensory deficit reached the T3 derma-
tome. MRI of the spine was repeated and revealed changes consistent
with methotrexate induced myelopathy (Fig. 1). The IV methylpred-
nisolone dose was increased to 10mg/Kg along with IV leucovorin
20mg four times per day and intramuscular cyanocobalamin 100mcg
daily, without any improvement. Patient eventually passed away
from septic shock after 6 weeks from the start of his neurologic
symptoms.
Bladder/Bowel dysfunction 35 (79.5%)
Paraplegia 28 (63.6%)
Saddle anesthesia 11 (25.0%)
Sensory level 10 (22.7%)

Higher than T10 7 (15.9%)
Paraparesis 9 (20.5%)
MRI at time of diagnosis
Abnormalities on T2 28 (65.1%)
Normal MRI 13 (29.5%)
Unspecified 3 (6.8%)
Neurological Progression
No change 25 (56.8%)
Progression of motor symptoms 10 (22.7%)
Progression of sensory symptoms 8 (18.2%)
Improvement of motor symptoms 6 (13.6%)
Improvement of sensory symptoms 2 (4.5%)
Improvement of bladder / bowel control 1 (2.3%)
Overall outcome
Death 15 (36.4%)

Due to disease progression 4 (9.1%)
Due to infection / immunosuppression 4 (9.1%)
Due to neurological disease 1 (2.3%)
Due to other / unspecified causes 7 (15.9%)

Disease recurrence (Alive) 2 (4.5%)
Other / Unspecified 26 (59.1%)
Discussion

We reviewed all the reported cases of IT chemotherapy induced
myelopathy between January 2015 to October 2020 [6−27]. Common
clinical features from these cases are summarized in (Table 1). The
treatment options for IT methotrexate induced myelopathy are few
due to our limited understanding of its pathophysiology. These
options mainly target some of the shared features among the differ-
ent cases observed on biochemical, cellular and imaging levels.

On the biochemical level, methotrexate inhibits dihydrofolate
reductase, causing increased homocysteine levels. Homocysteine
activates the N-methyl-D-aspartate (NMDA) receptors, the excess
activity of which leads to neuronal apoptosis [28]. Interestingly, dex-
tromethorphan, NMDA antagonist, was used in few previous cases
and resulted in neurological improvement. [11,17] Methotrexate can
also cause decreased synthesis of S-adenosylmethionine (SAM)
needed for myelination [10]. However, supplementation of SAM,
although was promising in certain cases [29], did not always translate
into clinical improvement [6,10]. On tissue level, histologic studies on
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the spinal cord of some patients revealed macrophagic infiltrates
[23,25], suggesting an inflammatory process, especially that treating
few patients with steroids resulted in clinical improvement
[7,9,14,17,21]. Histologic examination in other cases revealed axonal
loss with persistence of myelin, suggesting axonal damage rather
than demyelination as the probable pathophysiology. [11] Finally, a
process mimicking subacute combined degeneration was also consid-
ered based on the spine MRIs. However, these patients had normal
vitamin B12 levels and supplementation with vitamin B12 and folate
did not show significant improvement [11,12,19,24].

At our institution, we take several measures to prevent IT metho-
trexate induced myelopathy. First, we avoid giving intravenous
methotrexate with IT methotrexate, as high levels of systemic metho-
trexate can penetrate the blood-brain barrier. [30] Second, we avoid
giving more than 20 total doses of IT methotrexate. Finally, we avoid
IT methotrexate if the patient has a history of CNS radiation and if
cannot, we secure a minimum of 2-week-interval between CNS
radiotherapy and IT methotrexate [31].

None of these preventive or therapeutic measures helped in stop-
ping the neurological deterioration in our patient. Similarly, only 20%
of the previously reported cases experienced some improvement.
This poor treatment response can be attributed to the delayed diag-
nosis, which in turn delays treatment to a point when neurological
damage is irreversible. This can be due to multiple factors: First, the
symptoms of methotrexate induced myelopathy can mimic the
symptoms of CNS leukemia [10,11,16,19]. Moreover, the specific MRI
changes might be absent on initial evaluation [26], such as in our
patient, where changes appeared after 31 days, when the patient’s
disease already progressed to his upper extremities. Thus, there is
need for more specific and timely markers of IT methotrexate
induced myelopathy that would allow early diagnosis and hence
timely cessation of IT chemotherapy and delivery of appropriate
treatment.
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