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Introduction
A structural analog of cyclophosphamide-Endoxan®, ifosfamide-

Holoxan® is an oxazaphosphorus alkylating agent derived from 
nitrogen mustard.

Ifosfamide has a broad spectrum of anti-tumor activity, particularly 
in sarcomas (soft tissue sarcomas, osteosarcomas). The main toxicity 
of ifosfamide is urological but it can be prevented by a bladder 
protector, mesna- Uromitexan®. Initially described by Van Dyck et al.1 
the neurological toxicity of ifosfamide is specific and not encountered 
with Cyclophosphamide and Mafosfamide. This neurotoxicity, whose 
incidence can reach 30% according to data in the literature, seems to 
correspond to metabolic encephalopathy of variable severity whose 
etiopathogeny remains unclear.

We report the experience of the Medical Oncology Department of 
the National Institute of Oncology in Rabat by describing a series of 
cases of patients hospitalized in our department for encephalopathy 
with Ifosfamide. Based on fifteen observations and a review of the 
literature on cases of Ifosfamide encephalopathy, we attempt to 
specify the physiopathogeny, predisposing factors, and curative and 
preventive therapeutic recommendations.

Patients and methods
We report 15 cases of ifosfamide encephalopathy reported by the 

Medical Oncology Department of the National Institute of Oncology 
in Rabat over a two-year period from June 2016 to June 2018 using 
the notification forms provided by the National Pharmacovigilance 
Center.	 The number of patients treated with ifosfamide during this 
period cannot be estimated, but it can be estimated to be more than 
100.

For each patient, the clinical data collected were as follows: 
age, sex, tumor pathology (histology, location), chemotherapy 
administration modalities, adjuvant treatment, number of cures, 
time of onset and disappearance of neurological symptomatology 
during the cure, treatment with methylene blue, and reintroduction 
of ifosfamide.

Imaging results were reported in all our patients. The neurological 
symptomatology was assessed according to the international 
classification of the National Cancer Institute (NCI).

Results
The prevalence of this neurological toxicity is probably less 

than 3%.The age of these patients ranged from 42 to 55 years, and 
a large female predominance was observed with a sex ratio of 6/9. 
The nature of the primary tumor was variable: osteosarcoma (n=5), 
rhabdomyosarcoma (n=1), Ewing’s tumor (n=3), synovialosarcoma 
(n=1) and Hodgkin’s and non-Hodgkin’s lymphoma (n=4). In one 
patient, the primary tumor was localized to the pelvis.

Ifosfamide was administered, in the same manner in all patients, as 
a 3-hour intravenous infusion in combination with parenteral hydration 
on the basis of 2L/m2 per day and uro protection with Mesna, at a 
dosage of 1.8 mg/m2 per course for 3-5 days, in combination with 
other cytotoxic drugs.

National Cancer Institute (NCI) grade II and grade III neurological 
toxicity was observed in all 15 patients within 24-72 hours of 
Ifosfamide administration resulting in discontinuation of the current 
infusion. It was marked primarily by somnolence, agitation, confusion 
and hallucinations. A brain CT scan was performed in all patients and 
returned to normal. All patients were treated with methylene blue. The 
evolution was favorable in 13 patients and unfavorable in two patients 
who died following complications of encephalopathy and whose 
hospitalization lasted 15 days.

The imputability study conducted at the National Pharmacovigilance 
Center is ongoing. In addition, a letter from the Poison Control Center 
was sent to us to inform us of the new recommendations for the 
conservation of Ifosfamide due to the risk of encephalopathy.

Discussion
Ifosfamide encephalopathy is a rare event during discontinuous 

slow infusion parenteral therapy. In our experience, the number 
of patients treated with Ifosfamide during this period cannot be 
estimated, but it can be estimated to be over 100, therefore.

The prevalence of this neurological toxicity is probably less 
than 3%. The incidence reported in the literature ranges from 0% to 
more than 30%.2,3 Most teams find a low incidence (<3%), however, 
some teams report 22% acute neurotoxicity in patients receiving this 
treatment.4 A high incidence (30%) of severe neurological disorders 
(confusion, convulsion, coma) has been described with ifosfamide 
during the treatment of pediatric brain tumors.4	
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Abstract

During Ifosfamide treatment, encephalopathy may occur in about 3% of cases. Additional 
investigations, such as biology or imaging, are usually normal. Encephalopathy is generally 
reversible without medium- or long-term sequelae but rare cases of death are described. 
It is recommended, as soon as Ifosfamide encephalopathy is suspected, to suspend its 
administration, to correct any hydroelectrolytic disorder, and to inject methylene blue at 
a dose of 50 mg every 4 hours until the symptoms regress. Reintroduction of Ifosfamide 
in subsequent courses of treatment should be discussed on a case-by-case basis, under 
prophylactic treatment with methylene blue at a dose of 50 mg every 6 hours. The mechanism 
of this complication is not fully elucidated. It is important to continue pharmacological 
studies in order to determine precisely the toxic metabolite(s) responsible and thus to look 
for an effective protector.
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This neurotoxicity affects adults as well as children, but is more 
severe in children.5–7 In our short series, there is a clear predominance 
of females; no difference between the sexes is found in the literature.5,8

The ifosfamide administration regimen appears to play a role in the 
occurrence of neurotoxicity. In the Curtin et al. study, ifosfamide was 
administered in a variable manner: when administered discontinuously 
for 5 days in a row at a dose of 1.2 to 1.5g/m2 per day, no patient 
experienced grade IV neurotoxicity, whereas in patients who received 
ifosfamide continuously over 24 hours at a dose of 2.5 to 5g/m2 per 
day, 33% experienced grade IV neurotoxicity.9 The neurological 
toxicity of ifosfamide appears to be significantly more frequent with 
continuous bolus or intravenous administration (p<0.001).2,10,11 In the 
study by Cerny et al.10 oral administration was associated with a high 
incidence of encephalopathy. Thus, the risk of neurotoxicity appears 
to be significantly associated with ifosfamide administration over 15 
minutes, 1 hour,6 or continuously over 24 hours.12 According to Perren 
et al.11 a short administration time of less than 6 hours may increase the 
likelihood of developing encephalopathy by probably increasing CNS 
concentrations of ifosfamide. Similarly, neurotoxicity appears more 
frequent with a single dose of ifosfamide compared to a dose divided 
over 1 to 5 days.2,12,13 Some authors have also invoked the responsibility 
of psychotropic drugs and antiemetics administered concomitantly in 
high doses.5 However, the observation of encephalopathy outside of 
this type of parallel treatment only allows us to attribute to them an 
accessory and little contributing role.5,13–15 The rank of the ifosfamide 
treatment during which neurotoxicity occurs is highly variable in 
our series, indicating a probable individual predisposition. Similarly, 
during the course of the treatment, the time of onset of neurological 
symptoms varied from a few hours to 72hours. In the study by 
Merimsky et al.16 in 28 adult patients who received Ifosfamide, 5 
patients (17.8%) had encephalopathy with onset of symptoms between 
days 2 and 7. In our series, all of our patients presented with grade II 
or III Ifosfamide neurological toxicity. Pratt et al.5 observed mainly 
central neurological signs (behavioral changes, cerebellar syndrome, 
urinary incontinence, convulsions, coma, excessive drowsiness), but 
also peripheral manifestations (transient deafness, facial paralysis). In 
the study by Rieger et al.17 in 60 patients who received Ifosfamide, 
17 patients developed neurological signs: grade I in 4 cases, grade II 
in 2, grade III in 7 and grade IV in 4 cases. In our series, somnolence 
regressed in 24 to 36 hours (median 72 hours). We observed two 
deaths. The central toxicity of Ifosfamide is usually completely 
reversible and may persist for hours to days, typically 3 to 5 days after 
the last administration.5,12,18

The results of blood biologic tests (electrolytes, serum calcium, 
magnesemia, blood gas) were normal.5,19 No morphological 
abnormalities were noted in our patients. Brain imaging by computed 
tomography (CT) scan or MRI is most often normal.19 Morphological 
studies by brain CT scan show no correlation between the severity of 
encephalopathy and the size of the ventricles.16,20,21

According to various studies, the EEG shows only diffuse 
abnormalities of non-specific cortical pain, suggesting a toxic-
type encephalopathy.5,13,14 There is a relationship between EEG 
abnormalities and the degree of severity of clinical neurological 
toxicity.13,22

The specific neurotoxicity of Ifosfamide could correspond to 
an encephalopathy by accumulation of toxic metabolites, which 
remain to be formally identified. Like its structural analogue, 
Cyclophosphamide, Ifosfamide is a prodrug whose activation 
is mediated by the hepatic mixed-function microsomal system, 

cytochrome P450.23 Cyclophosphamide, even at very high doses, does 
not expose to neurotoxicity. Thus, it can be hypothesized that it is 
the metabolites that differ between Cyclophosphamide and Ifosfamide 
that may be involved. The hydroxylation of Ifosfamide is much 
slower than that of its analogue, allowing other metabolic pathways 
to be involved.24 The result is a 10-fold increase in the concentration 
of chloroacetaldehyde.25 Chloroacetaldehyde is a neurotoxic 
substance26 and its role is incriminated by some authors24,27 and 
controversial by others.10,25 Encephalopathy could be due to inhibition 
of the metabolism of long-chain fatty acids by chloroacetaldehyde.27 
Numerous studies have shown the efficacy of Methylene Blue in 
the treatment of encephalopathies with Ifosfamide.26,28–32 Methylene 
Blue could act at different levels: inhibition of flavoproteins in the 
respiratory chain of mitochondria,29 reoxidation of NADH and 
hepatic glucose production,33 inhibition of monoamine oxidase, thus 
preventing the formation of chloroacetaldehyde.29,34 On the other 
hand, Methylene Blue has no interaction with the alkylating agents of 
Ifosfamide and therefore does not reduce the antitumor efficacy of the 
treatment.34 Some authors have been able to correlate the incidence of 
encephalopathies in adults and children with certain parameters such 
as advanced age,13 pelvic tumor location,14 previous nephrectomy,35 
and prior Cisplatin treatment.5,36 Pediatric forms are generally more 
severe than those in adults.5–7 Biologically, a decrease in creatinine 
clearance13 and hypoalbuminemia9,36,37 have also been presented as 
risk factors for ifosfamide encephalopathy. In our series, none of 
the described risk factors were found. The recent study by Rieger et 
al.17 could not identify any risk factors and the authors put forward 
the notion of an individual predisposition. Concerning the risk of 
recurrence during readmission, controversy persists. Several teams 
report no recurrence of symptoms upon re-administration.5,36,38 Pratt et 
al.5 investigated whether patients who developed neurotoxicity were 
at increased risk of encephalopathy in 65 patients who received more 
than 2 courses of Ifosfamide; 10 patients developed neurotoxicity, 
and for these 10, the same symptoms reappeared in the following 
courses. A total of 15 cures were administered in these 10 patients: 
13 were followed by neurotoxicity of varying degrees. There was no 
significant increase in the severity of neurological toxicity between 
the first and subsequent episodes in this series; however, other authors 
have reported several cases of severe or even fatal progression upon 
reintroduction of Ifosfamide.7,12,19,39 

The occurrence of Ifosfamide encephalopathy is unpredictable, 
but caution should be exercised when using this antimitotic in patients 
with these risk factors. In our series, Methylene Blue was administered 
to all patients.

The use of Methylene Blue is recommended for the regression 
of neurological disorders. Küpfer et al.30 were the first authors to 
suggest the efficacy of Methylene Blue in encephalopathy related to 
Ifosfamide administration. The authors hypothesized that this product 
compensates for the inhibition of glycogenesis caused by the inhibition 
of fatty acid oxidation. They reported the observation of a patient who 
became somnolent a few hours after the start of Ifosfamide treatment 
and in whom treatment with Methylene Blue at a dosage of 50 mg as 
a 30-minute intravenous infusion was followed by a return to normal 
consciousness within 4 hours. This patient’s urine analysis showed 
excess glutaric acid and sarcosine, as usually seen in glutaryl CoA 
dehydrogenase enzyme deficiency (type I) and flavoprotein deficiency 
(type II). Methylene Blue is successfully used in the treatment of Type 
I glutaric aciduria by acting as an electron acceptor and restoring 
the activity of glutaryl CoA dehydrogenase. Aeschlimann et al.34 
evaluated the efficacy of Methylene Blue as a neuroprotective agent: 
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out of 52 patients treated with Ifosfamide, 12 had a grade II or higher 
NCI neurotoxicity. Eight patients were treated with Methylene Blue at 
a dose of 50 mg every 4 hours intravenously upon clinical diagnosis 
of encephalopathy. In 1 out of 2 cases, neurological signs disappeared 
within 24 hours, 3 of which were before 12 hours and in 1 case 1 hour 
after administration of Methylene Blue. In the 2 patients who did not 
receive Methylene Blue, reversibility was observed after 72 hours.26 
Other sporadic observations confirmed the efficacy of Methylene 
Blue.20,28,31,32,40 In the case of Ifosfamide-induced encephalopathy, it 
seems justified to discontinue Ifosfamide and to administer Methylene 
Blue. The dosage used by all authors is 50 mg every 4 hours 
intravenously until complete regression of symptoms. Several authors 
report observations suggesting the efficacy of WB in the prevention 
of recurrence of neurological disorders.20,31,41 In the study by Pelgrims 
et al.3 patients who received Methylene Blue as a preventive measure 
in the same way as before, 2 had a lower grade of neurotoxicity.26 In 
patients who have experienced neurotoxicity with Ifosfamide, Turner 
et al. therefore recommend continuing Ifosfamide in combination 
with Methylene Blue at a dose of 50 mg intravenously every 6 hours 
throughout the course of treatment.20

Conclusion
During Ifosfamide treatment, encephalopathy may occur in about 

3% of cases. Additional investigations, such as biology or imaging, 
are usually normal. Encephalopathy is generally reversible without 
medium- or long-term sequelae but rare cases of death are described. It 
is recommended, as soon as Ifosfamide encephalopathy is suspected, 
to suspend its administration, to correct any hydroelectrolytic 
disorder, and to inject methylene blue at a dose of 50 mg every 4 
hours until the symptoms regress. Reintroduction of Ifosfamide in 
subsequent courses of treatment should be discussed on a case-by-
case basis, under prophylactic treatment with methylene blue at a dose 
of 50 mg every 6 hours. The mechanism of this complication is not 
fully elucidated. It is important to continue pharmacological studies 
in order to determine precisely the toxic metabolite(s) responsible and 
thus to look for an effective protector.
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