


Case report 

High Dose Methotrexate (HDMTX) induced Generalized Tonic-Clonic Seizures in a Relapsed B-ALL patient- challenge in its management & further continuation of HDMTX

Abstract:
[bookmark: _GoBack]Background: Acute Lymphoblastic Leukaemia (ALL) is the most common childhood cancer. Methotrexate (MTX) is an important drug used in the treatment of ALL patients to eliminate clinically evident CNS disease at diagnosis as well as to prevent CNS relapse for both CNS involved and non-involved groups at diagnosis. MTX is also responsible for neurotoxicity in some cases. Management of MTX induced neurotoxicity and further continuation of MTX in such cases is a very challenging issue for physicians.
Case: A six-year-old boy was diagnosed with B-ALL, treated with the MRC-11 protocol, and faced an event of generalised tonic-clonic seizures while receiving high-dose methotrexate (HDMTX), then rescued with intravenous diazepam. Following this, the MRC-11 protocol continued to use intrathecal (IT) and oral methotrexate (MTX), but HDMTX was taken out of the other treatments. After completing MRC-11 maintenance five years later at the age of fourteen, the patient experienced a relapse of B-ALL, with no involvement in the CNS or both testicles. We treated this relapsed case using the BFM 2002 protocol. Once again, the patient experienced generalised tonic-clonic seizures while receiving folic acid rescue following the completion of Day+8 HDMTX and IT MTX in the consolidation phase. The seizures subsided immediately, within three minutes of their onset, with the assistance of intravenous diazepam. Clinically, there was no focal sign of any neurological deficit and no abnormal enhancement in the brain's MRI. We kept the patient on regular oral levetiracetam. No further seizures were observed. The patient then received the remaining days (Day+22, Day+36, and Day+50) of HDMTX and ITMTX, as well as the intensification and maintenance phases, according to protocol, without any seizures. Anti-convulsant oral levetiracetam was continued for three (3) months more after the completion of the maintenance phase (total of two years and three months since starting); within this period, no seizure was reported, and then oral levetiracetam was discontinued.
Conclusion: MTX-related clinical neurotoxicity is transient, and most patients can receive subsequent MTX without recurrence of acute or subacute symptoms. In addition to this, levetiracetum can be an alternative drug for the long-term management and prevention of HDMTX related neurotoxicity.

Introduction:
Acute lymphoblastic leukaemia (ALL) is the most common childhood cancer, with a prevalence of around 25% among those under the age of 15 and a five-year survival rate of over 90% when treated with modern ALL regimens [1–2]. Approximately 3% of the diagnosed population suffers from Central Nervous System-3 (CNS-3) disease, characterized by a white blood cell count of 5 or more per microliter, lymphoblasts, and cranial nerve palsies in their cerebrospinal fluid. During the early phase of treatment, specific CNS-directed therapies are necessary to eliminate clinically evident CNS disease at diagnosis and prevent CNS relapse for both CNS involved and non-involved groups, as most children will eventually develop overt CNS involvement with leukaemic cells without CNS-directed therapy. For CNS-directed therapy, standard treatment options include a combination of intrathecal (IT) chemotherapy and CNS-directed systemic chemotherapy. Cranial radiation is another option, used in selective cases [3]. MTX is a crucial component for CNS-directed therapy but is also responsible for neurotoxicity’s in some cases [4–5]. Management of MTX-induced neurotoxicity and further continuation of MTX in this condition is a very challenging issue for physicians. Here, we will describe a case that developed MTX-induced neurotoxicity, the use of levetiracetam, and the successful continuation of all the remaining HDMTX and ITMTX without any further neurotoxic events.

Case Presentation:
A 14-year-old boy was admitted as a case of relapsed B-cell acute lymphoblastic leukaemia (B-ALL). The diagnosis of the first event of B-ALL at the time of relapse occurred eight (8) years ago, at the age of six (6) years. At that time, he received treatment using the MRC-11 protocol. There was an event of generalised tonic-clonic seizures while the patient receiving high-dose methotrexate (HDMTX) was rescued with intravenous diazepam. Following this, the remaining treatments discontinued HDMTX, while the MRC-11 protocol continued to administer intrathecal (IT) and oral methotrexate (MTX). After this first seizure, no further anticonvulsants were used. The whole protocol (induction to maintenance) was completed over 3 years. No further seizure events were reported during or after the completion of treatment.
Five (5) years later, after completing MRC-11 maintenance, B-ALL relapsed. The immunophenotyping analysis of bone marrow samples after relapse showed that CD 10 was positive (bright) on about 95% of gated cells, CD 19 was positive (moderate to bright) on about 94% of gated cells, CD 20 was negative, CD 79a was positive (heterogenous) on about 88% of gated cells, CD 13 was mostly negative and positive on about 15% of gated cells, CD 33 was negative, CD 117 was negative, MPO was negative, CD 45 was down-regulated, CD 34 was positive (moderate to bright) on about 89% of gated cells, HLA-DR was positive (bright) on about 94% of gated cells, CD 38 was positive (dim to moderate) on about 82% of gated cells, CD 73 was negative, and CD 81 was positive (bright) on about 95% of gated cells. Karyotype was 46XY. Other cytogenetic findings were: negative t (12; 21). Negative, t(4;11) Negative, t(9;11) Negative, t(1;19) - Negative, t(11;19)- Negative. CNS Negative. Ultrasonogram findings for both the testis and epididymis were normal. Ultrasonography of the whole abdomen revealed hepatosplenomegaly, liver 18.3 cm in the right mid-clavicular line, and spleen 28 cm x 15 cm. Risk stratification revealed intermediate risk.
The bone marrow transplantation option was beyond the patient's reach. In this case, we treated the patient using the BFM 2002 protocol. The patient successfully completed Phase I and Phase II of BFM 2022. During the induction phase, Day+14 bone marrow was in remission, and MRD (bone marrow sample) was positive (0.06%), while Day+33 MRD (bone marrow sample) was negative (0.001%). Before starting the consolidation phase, the MRD (bone marrow sample) was negative (0.002%). Then, we switched the patient to the consolidation phase of BFM 2002. We planned to administer HDMTX (2000 mg/m2 body surface area) and ITMTX (12 mg) on Days +8, +22, +36, and +50. We ensured that the patients were adequately hydrated, their urine was alkaline, and they received post-MTX Folinic Acid Rescue (15 mg/m2 body surface area) six hours a day; we administered the first three doses intravenously and the final three doses orally, totalling six doses. Biochemical findings at the time of Day+8 HDMTX were: Creatinine 0.60 mg/dl (N = 0.5–1.3), Urea 13 mg/dl (N = 15–45), Sodium 143 mmol/L (N = 135–145), Potassium 3.7 mmol/L (N = 3.5–5), Chloride 100 mmol/L (N = 98–108), Bicarbonate 24 mmol/L (N = 24–32), Serum Albumin 4.2 gm/dl (N = 3.5–5), Calcium 9.2 mg/dl (N = 8.5–10.5), Inorganic Phosphate 3.9 mg/dl (N = 2.5–4.5), Uric Acid 5 mg/dl (N = 3–7.2), Magnesium 2.0 mg/dl (N = 1.8–2.5), Total Bilirubin 0.4 mg/dl (N = 0.0–1.0), ALT 54 IU/L (N = 14–63), AST 39 IU/L (N = 15–45), Alkaline Phosphate 204 IU/L (N = <385), GGT 29 IU/L (N = 10–50),  Urine PH 7.5, Hb 11.1 g/dl, WBC 5020/cmm, N 60.9%, L 26.9%, M 4.4%, E 7.8%, B 0%, IG 0.2%, Platelets 220000/cmm. The patient received Day+8 HDMTX and IT MTX without any incidents. However, during the folic acid rescue, the patient unexpectedly experienced generalised tonic-clonic seizures (GTCS). The parenteral Diazepam 10 mg stat dose immediately suppressed the seizure within three minutes of its onset. Clinically, there was no focal sign of any neurological deficit. 22 hours after the seizure onset, we performed an MRI of the brain with contrast, which revealed no abnormal enhancement. We kept the patient on regular oral Levetiracetam 500 mg twice daily. No further seizures were observed. The patient then received the remaining Day+22, Day+36, and Day+50 HDMTX and IT MTX as per protocol without any seizures. Subsequently, the patient completed Intensification Phase I and Phase II without any seizures. Before starting the maintenance phase, tests showed that the bone marrow had changed shape, the MRD (from the bone marrow sample) was negative (0.008%), and the CSF did not have any malignant cells. Following completion of the maintenance phase (week 29–week 104), the patient received oral and IT MTX according to protocol, and no seizure occurred. At the end of the maintenance phase, the bone marrow was in morphological remission, and the MRD (bone marrow sample) was negative (0.002%). Anti-convulsant oral levetiracetam 500 mg two times daily was continued three (3) months after completion of the maintenance phase (total of two years and three months since starting); within this period, no seizure was reported, and then oral levetiracetam was discontinued. 

          

Discussion:
MTX is an antimetabolite that interferes with the folic acid metabolism. It binds to the enzyme dihydrofolate reductase inside cells and stops dihydrofolate from turning into tetrahydrofolate (THF). THF has an essential role in DNA synthesis; blockade of THF synthesis leads to the inability of cells to produce proteins and cell proliferation [9].
HDMTX therapy can cause significant toxicities, and neurotoxicity is one of them. Neurotoxicity can be acute, sub-acute, or long-term. The pathogenesis of HDMTX-associated neurotoxicity is not clear. Several hypotheses have been proposed. These include homocysteine toxicity, altered folate homeostasis, adenosine release, and/or direct neuronal damage by MTX [10–11].
Currently, there is no standard treatment for neurotoxicity related to HDMTX. Literature searching suggests that aminophylline and dextromethorphan may help relieve neurological symptoms. Aminophylline, a methylxanthine, acts as a competitive adenosine antagonist. Dextromethorphan, an N-methyl-D-asparate receptor antagonist, inhibits homocysteine activity [12–14]. Levetiracetam is an anti-convulsant drug that is also used to treat generalized tonic-clonic seizures. It's not clear how exactly it works to stop seizures, but it might block voltage-dependent N-type calcium channels, bind to synaptic proteins that control neurotransmitter release, and make GABA-ergic inhibitory transmission easier by moving negative modulators out of the way.
Deepa Bhojwani et al. conducted an evaluation of methotrexate-induced neurotoxicity and leukoencephalopathy in children with childhood acute lymphoblastic leukaemia who received MTX treatment. In that study, neurologic symptoms were considered MTX-related clinical neurotoxicity if one of the neurologic symptoms, such as seizures, strokes, behavioural changes, or aphasia, occurred within 2 weeks of receiving MTX and other identiﬁable causes were reasonably ruled out. The study involved the enrollment of 369 children with ALL. Fourteen patients (3.8%) out of 369 patients developed MTX-related clinical neurotoxicity, and most episodes were brief. Seven patients presented with seizures, six with stroke-like symptoms, and one with ataxia. Thirteen patients were rechallenged with intrathecal and/or HDMTX. Prior to subsequent HDM, two of the thirteen MTX-induced neurotoxic patients received aminophylline prophylaxis. When HDMTX challenged one of the aminophylline-treated patients, it caused MTX-related neurotoxicity (severe headache and confusion), leading to the discontinuation of additional HDMTX. Meanwhile, twelve patients did not experience a recurrence of neurotoxicity. The authors concluded that stopping MTX treatments for this group of patients is unnecessary [8].
In our case, MTX-induced neurotoxicity was diagnosed because the symptoms were short-lived and went away completely, the person had a history of GTCS with HDMTX, and other causes were ruled out through clinical evaluation and a wide range of investigations. In their study, Deepa Bhojwani et al. found that all of the MTX-induced neurotoxic patients had signs of leucoencephalopathy on one of the brain MRIs that were done at different times during treatment. We performed a brain MRI on our patient 22 hours after the onset of seizures and found no abnormal intensity. We did not perform a subsequent brain MRI in this case.
In different literatures, there are differences in the treatments used to manage acute MTX neurotoxicity, probably because the exact pathophysiology is still not well understood. Compared to other adverse effects of MTX, such as nephrotoxicity, the plasma MTX level does not correlate with the incidence of acute neurotoxicity, and this relationship remains poorly established [15]. In our case, the plasma MTX level was beyond the measurement scope.
In our presented case, we used levetiracetum to prevent the recurrence of HDMTX-induced neurotoxicity. To our knowledge, levetiracetam has not been used to resume HDMTX in ALL patients who developed HDMTX-induced neurotoxicities. To our knowledge, this is the first documented instance of Levetiracetam usage in a patient who experienced MTX neurotoxicity and effectively recovered from HDMTX and ITMTX without experiencing additional neurotoxicity. We submit this case as a rare example of a generalised tonic clonic seizure presenting as an acute reaction to HDMTX in a childhood relapsed-ALL patient, along with the use of levetiracetam.
Conclusion:
MTX-related clinical neurotoxicity is transient, and most patients can receive subsequent MTX without recurrence of acute or subacute symptoms. In addition to this, levetiracetum can be an alternative drug for the long-term management and prevention of HDMTX-related neurotoxicity.
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