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Ifosfamide pathway
(PK)

Liver cell

Chloro
acetaldehye

Detoxification
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DNA adducts

Bladder toxicity

Detoxification
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Ifosfamide (IF) activation is catalyzed by the hepatic cytochrome P450
(CYP) isoforms (shown in detail on the ifosfamide pharmacokinetics
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pathway), and IF is split into two oxidation pathways, with one leading
to the formation of the active metabolite Isophosphoramide mustard
(IPM). Both of these competing pathways result in toxic metabolites,
the detoxification pathway producing chloroacetaldehyde (CAA) and
the 4-hydroxylation pathway yielding acrolein as well as the active
component IF mustard. 4-Hydroxyifosfamide rapidly interconverts
with its tautomer, aldoifosfamide. It is likely that both of these
metabolites passively diffuse out of hepatic cells, circulate, and then
passively enter other cells. Aldoifosfamide partitions between
ALDH1AT-mediated detoxification to the inactive metabolite
carboxyifosfamide and a spontaneous (non-enzymatic) elimination
reaction to yield the therapeutically active metabolite
isophosphoramide mustard (IPM) and acrolein (associated with
bladder toxicity). IPM, the DNA crosslinking agent of clinical
significance, is a circulating metabolite but the anionic IPM does not
enter cells as readily as its metabolic precursors. Thus, the intracellular
generation of IPM from aldoifosfamide is generally believed to be
important for therapeutic efficacy.

IPM is translocated into the nucleus by passive diffusion. In the
nucleus, IPM reacts with DNA by covalently bonding its highly reactive
alkyl group with nucleophilic groups on DNA forming intra and
interstrand crosslinks. These DNA strand breaks result in an inability to
synthesize DNA and leads to cell apoptosis by the caspase cascade.
Two other IFO metabolites, acrolein and aziridine, are involved in the
formation of DNA adducts.

Ref: 1. Pharmacogenet Genomics. 2014 Feb;24(2):133-8.

2. Annals of Oncology 17 (Supplement 4): iv33-iv36, 2006
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