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Summary

This study was conducted to investigate the cause of clinical failure of a novel tyrosine kinase
inhibitor, KW-2449, which was developed as a drug candidate for leukemia, even though it
appeared the remarkable drug efficacy in vitro condition.

In this study, we discovered that the unique metabolic pathway of KW-2449 to its oxo-
piperazine form (M1) and the inhibition mechanism of its metabolizing enzymes. These
findings were possible phenomena applied in common to the compounds which have piperazine
moiety.

Firstly, we revealed that the contribution of typical metabolic enzyme cytochrome P450 (CYPs)
to the metabolism of KW-2449 to M1 was minimal and KW-2449 was primarily metabolized to
an iminium ion intermediate by monoamine oxidase B (MAO-B) and the iminium ion
intermediate was metabolized to M1 by aldehyde oxidase (AO).

Also, we demonstrate that the human body clearance mediated by MAO-B and AO can be
predicted by correcting the in vitro hepatocyte data using in vivo cynomolgus monkey data.
Secondary, the investigation of inhibitory parameters of KW-2449 and M1 on MAO-B and AO
revealed that direct inhibition of MAO-B and AO by KW-2449 and M1 would not be a main
cause of the decline of M1 concentration after repeated administration of KW-2449. We
identified that the iminium ion intermediate inhibited AO irreversibly and caused covalent
bindings to endogenous proteins.

These results suggest that the main cause of the failure of KW-2449 in the clinical trial was a
cooperative metabolism by MAO-B and AO discovered in this study. Primary metabolism by
MAO-B decreased KW-2449 concentration and the irreversible inhibition on AO by the
iminium ion intermediate hampered the target kinase inhibition by M1. AO inhibition might
be also involved in the increase in the covalent binding to endogenous proteins by reducing the
conversion ratio of the iminium ion intermediate to M1.

In these days, the screening methods for stable compounds against typical drug metabolizing
enzyme CYPs were greatly developed, resulting in increasing the chances of facing unexpected
metabolism mediated by non-CYPs, such as MAO and AO. To improve the pharmacokinetic
issue of KW-2449, a successor compound which was more stable against MAO-B and AO
metabolism was newly synthetized. This successor compound showed that superior
pharmacokinetic profiles and less covalent binding to endogenous proteins than those of KW-
2449.

These results indicated that the optimization of drug candidate through identifying the
metabolic pathway and investigating the physiochemical properties of metabolic intermediate,



was effective to create successor compounds with better profiles even when the drug candidate
was metabolized by Non-CYP metabolizing enzymes.

N-heterocyclic structures including piperazine moiety are introduced to a lot of marketed and drug
candidates under development. Therefore, the pharmacokinetic methodologies established in this st
udy are valuable for the future drug development from the perspective of ensuring drug efficacy
and drug safety.



