ADIS DRUG PROFILE

Miglustat

Paul L. McCormack and Karen L. Goa

Adis International Limited, Auckland, New Zealand

Drugs 2003; 63 (22): 2427-2434
0012-6667/03/0022-2427/$33.00/0

© Adis Data Information BV 2003. All rights reserved

Contents

ADSITOCT. ..
Pharmacodynamic Profile .....................
Pharmacokinetic Profile .......................
TherapeuticTrials ...,
Tolerability . . ... o
Dosage and Administrafion ....................
Miglustat: Current Status .. ........... ...

SO LN =

Abstract

A Miglustat is an orally administered ceramide
glucosyltransferase inhibitor which prevents the
lysosomal accumulation of glucocerebroside that
occurs in patients with Gaucher’s disease.

A In noncomparative trials in patients with type 1
Gaucher’s disease, miglustat (50 or 100mg three
times daily) for 6-12 months significantly reduced
baseline liver and spleen volumes. At both 6 and 12
months, the reductions in organ volumes were
greater with the higher dosage.

A Miglustat 50 or 100mg three times daily for 612
months had no significant effect on haemoglobin
concentrations. Baseline platelet counts were not
significantly improved by either dosage at 6
months, although the higher dosage significantly
increased platelet counts at 12 months.

A In an open extension phase, patients continued to
show further reductions in organ volume as well as
significant improvements in haematological para-
meters at 24 and 36 months.

A In a 6-month randomised study in patients with type
1 Gaucher’s disease who had previously received
long-term enzyme replacement therapy (ERT), liver
volume reduction was greater with miglustat plus
ERT than with ERT alone.

A Diarrhoea and weight loss were the most frequent
adverse events associated with miglustat therapy.
Fine tremor has been reported in approximately
30% of miglustat-treated patients.

Features and properties of miglustat (OGT 918;

Zavesca®)
Indication
Mild-to-moderate type 1 Gaucher’s disease
Mechanism of action

Inhibition of ceramide glucosyltransferase (glucosylceramide
synthase)

Dosage and administration
Recommended starting dosage 100mg
Route of administration Oral
Frequency of administration Three times daily

Pharmacokinetic profile (100mg single dose, unless stated
otherwise)

Peak plasma concentration (Cmax) 0.86 ug/mL
Time to Cmax 2.5 hours
Elimination half-life 6-7 hours
Steady state Cmax (100mg three 1.5 pg/mL
times daily)

Time to steady state Cmax (100mg 4-6 weeks
three times daily)

Volume of distribution 83L

Adverse events

Most frequent Diarrhoea (>80%), and
other gastrointestinal

events

Weight loss (=60%),
tremor (=30%),
headache, flu-like
symptoms

Common
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Gaucher’s disease is a rare glycosphingolipid
lysosomal storage disorder resulting from a defi-
ciency of the lysosomal enzyme [3-glucocer-
ebrosidase (also referred to as acid B-glucosidase or
B-glucosylceramidase). The enzyme deficiency
leads to the intracellular accumulation of the sub-
strate, glucocerebroside (also known as glucosylcer-
amide), the parent compound of many glyco-
sphingolipids. Glucocerebroside accumulates pri-
marily in macrophages, as a result of phagocytosis
rather than by in situ production within these cells.
The disease results from autosomal recessive inheri-
tance of mutations in the gene coding for
B-glucocerebrosidase that is located in the 21 re-
gion of chromosome 1.1

Gaucher’s disease is classified according to the
presence or absence and severity of neurological
involvement. Type 1 is the most common subtype
and does not involve the central nervous system
(CNS), unlike types 2 (acute, infantile form) and 3
(chronic, late-onset form) which are characteristical-
ly neuronopathic. The clinical manifestations within
each classification type are highly variable and cor-
relate, although not absolutely, with the nature of the
mutations in the glucocerebrosidase gene.># In type
1 Gaucher’s disease, lipid-engorged macrophages
infiltrate the viscera, especially the liver and spleen,
and the bone marrow. The clinical manifestations
commonly include hepatosplenomegaly, anaemia,
thrombocytopenia, and bone lesions in patients with
severe disease.l'))
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There are estimated to be about 20 000 patients
with Gaucher’s disease worldwide (predominantly
type 1). The disease is panethnic, but is highly
prevalent in Ashkenazi Jews with a frequency of
approximately 1 in 850, compared with a prevalence
of about 1 in 40 000 in non-Jewish populations.[!:>3!

The current treatment of choice for type 1
Gaucher’s disease is enzyme replacement therapy
(ERT) with macrophage-targeted PB-glucocer-
ebrosidase. Originally, the enzyme (alglucerase)
was isolated from human placentae prior to modifi-
cation to expose terminal mannose residues required
for targeting to macrophages, but recombinant
enzyme (imiglucerase) has now replaced the
placenta-derived form. ERT reduces organomegaly
and improves haematological and biochemical
indices. It also decreases bone pain, prevents new
bone crises, and improves bone mineralisation, at a
slower rate.[>®! However, treatment is lifelong, re-
quires repeated intravenous infusions and is ex-
tremely expensive.P! Prior to the advent of ERT, the
only curative therapy was allogeneic bone marrow
transplantation. Therapeutic interventions included
fracture treatment, joint replacement and splenecto-
my. 9]

Miglustat (Zavesca®!; previously named Veves-
ca) is an orally active agent that offers a new ap-
proach to the therapy of Gaucher’s disease by inhib-
iting the formation of substrate for the deficient
enzyme (figure 1). All patients with type 1
Gaucher’s disease have some level of residual
B-glucocerebrosidase activity. The aim of substrate
reduction therapy is to lower the production of sub-
strate to a level with which the residual enzyme
activity can cope.!'®!"l Miglustat reversibly inhibits
the enzyme, ceramide glucosyltransferase, that ca-
talyses the formation of glucocerebroside and there-
by prevents its accumulation within macro-
phages.[1011]

This review focuses on the use of miglustat in
adult patients with type 1 Gaucher’s disease.

1 Use of tradenames is for product identification purposes only and does not imply endorsement.
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Fig. 1. Biochemical point of action of miglustat. The portion of the metabolic pathway in the biosynthesis of glycosphingolipids that is
disrupted in type 1 Gaucher’s disease, showing the points of action of miglustat and enzyme replacement therapy (ERT). UDP = uridine 5’-

diphosphate.

1. Pharmacodynamic Profile

Miglustat is a non-peptidic, water-soluble N-bu-
tyl derivative of the naturally occurring glucosidase
inhibitor deoxynojirimycin. It inhibits ceramide
glucosyltransferase (glucosylceramide synthase; V-
acylsphingosine glucosyltransferase) which cataly-
ses the transfer of glucose to ceramide to form
glucocerebroside, the first step in glycosphingolipid
biosynthesis.[1%1]

e The inhibitory constant (Kj) of miglustat was 7.4
pmol/L using ceramide as the acceptor and human
HL-60 cells as the source of glucosyltransferase.!'!
In HL-60 cell microsomal preparations, miglustat
inhibited ceramide glucosyltransferase with an ICsg
(concentration producing 50% inhibition of glucose
transfer) of 20.4 umol/L.[3]

® In an in vitro model of Gaucher’s disease, miglu-
stat 50-500 umol/L prevented the accumulation of
glucocerebroside in murine macrophages as deter-
mined by thin layer chromatography.!'*! At the high-
est concentration tested (500 wmol/L), glucocer-
ebroside was almost undetectable. The lack of
glycosphingolipid accumulation in lysosomes was
confirmed visually by electron microscopy.

e The use of miglustat for substrate deprivation
was shown to be a valid approach to the treatment of
glycosphingolipid lysosomal storage diseases by its
beneficial effects in a symptomatic mouse model of
Sandhoff disease, which results in peripheral and
CNS accumulation of glycosphingolipids. In this
model, treatment with miglustat 4800 mg/kg from 3

© Adis Data Information BV 2003. All rights reserved.

weeks of age or 2400 mg/kg from 6 weeks of age
significantly reduced glycosphingolipid storage in
the brain and liver (by 35-86% for gangliosides
GMm2 or Gaz at 112 days; p < 0.05-0.001), slowed
the onset of symptoms (136 days in treated mice vs
104 days in untreated mice; p < 0.001) and extended
the life expectancy by approximately 40% (170 vs
125 days; p < 0.001).03

e Miglustat therapy (100mg three times daily) in
patients with type 1 Gaucher’s disease (n = 5) [see
section 3] reduced Gm1 ganglioside concentrations
in circulating leucocytes by 38.5% (p = 0.006 versus
baseline) over 12 months.!'6] Miglustat did not ap-
pear to inhibit N-glycan processing o-glucosidases
in these patients, since there was no increase in the
plasma concentration of N-linked glycosylated oli-
gosaccharide.

2. Pharmacokinetic Profile

There are limited data available on the pharmaco-
kinetic properties of miglustat at the dosages used in
the treatment of type 1 Gaucher’s disease. The bulk
of the available information derives from a subset of
patients (n = 11) enrolled in two noncomparative
clinical trials!'®!'7! and the manufacturer’s summary
of product characteristics.['® There are no pharma-
cokinetic data available in patients with hepatic im-
pairment or in the elderly (>70 years).['8]

e Miglustat is rapidly absorbed after oral adminis-
tration, with a time to maximum plasma concentra-
tion (tmax) of 2.5 hours.'®!"1 A single 100mg dose
produced a maximum plasma concentration (Cmax)

Drugs 2003; 63 (22)
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of 0.86 ug/mL.1'8! The rate of absorption is de-
creased when miglustat is administered with food
(Cmax decreased by 36% and tmax delayed by 2
hours), although the extent of absorption is not
significantly altered (area under the plasma concen-
tration-time curve [AUC] decreased by 14%).[!8]

® According to the product information sheet,
miglustat does not bind to plasma proteins and has
an apparent volume of distribution equal to 83L.['8!
The absolute bioavailability has not been deter-
mined.

® In clinical trials, steady-state plasma concentra-
tions were attained within 4—6 weeks. The peak and
trough steady state concentrations for a miglustat
50mg three times daily dosage regimen were 0.8 and
0.3-0.4 pg/mL, respectively,'”! while those for a
100mg three times daily dosage regimen were 1.5
and 0.8 pg/mL (values estimated from a graph).!¢!

e The apparent elimination half-life (t/,) of miglus-
tat is between 6-7 hours.!%!7l According to the
manufacturer’s product information, the major route
of excretion appears to be renal and data from a
limited number of patients with Fabry’s disease
show that the oral clearance decreases with decreas-
ing renal function.!'8! The apparent oral clearance is
230 £ 39 mL/min and decreases by approximately
40%, 60% and >70% in patients with mild, moder-
ate and severe renal impairment, respectively.

e Limited data from a small parallel group study
suggest that concomitant administration of miglustat
and ERT (imiglucerase) may decrease the exposure
to miglustat (22% reduction in Cmax and 14% reduc-
tion in AUC),'8! but miglustat has negligible effects
on the pharmacokinetics of ERT.

e Although data are limited, there are no indica-
tions of alterations in pharmacokinetic parameters
with age, gender or body mass.['8]

3. Therapeutic Trials

The results from three studies of miglustat in
adults with mild-to-moderate type 1 Gaucher’s dis-
ease are currently in the public domain (two non-
comparative studies!'%!”! and one randomised com-
parative study'®?%). The two noncomparative stud-
ies have been published in full, while details for the

© Adis Data Information BV 2003. All rights reserved.
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comparative study were obtained from a media re-
lease and the US prescribing information (package
insert). Miglustat has not been studied in patients
with severe Gaucher’s disease (defined as a haemo-
globin concentration < 9 g/dL, a platelet count < 50
x 109/L or active bone disease).[18]

In the noncomparative studies, patients who were
unable or unwilling to receive ERT, and who had
not received ERT in the previous 3 months, were
enrolled. The primary efficacy endpoints were re-
duction in volume of liver and spleen, and elevation
of haemoglobin levels and platelet counts. Plasma
activity of the enzyme chitotriosidase, which is re-
leased from activated macrophages and is elevated
in Gaucher’s disease, was also monitored as a bio-
chemical marker of disease activity. The primary
endpoint in the comparative study, in which patients
on long-term ERT therapy were enrolled, was re-
duction in liver volume, although spleen volume,
haemoglobin levels and platelet counts were also
monitored.

At the end of all studies, patients who benefited
from miglustat therapy (defined by organ volume
reduction or improved symptoms) were eligible to
continue treatment with miglustat in extended-use
phases.

Noncomparative Studies

In the first noncomparative trial, conducted by
Cox et al.,l'8! 28 adult patients from four centres
received miglustat 100mg three times daily for 12
months. Twenty three patients were evaluated at 6
months, while 22 patients were evaluated at 12
months. The study population included seven pa-
tients who had undergone previous splenectomy and
six patients who had previously received ERT.
Miglustat dosage adjustment was permitted
throughout the study, based on plasma drug levels
(target plasma concentrations <2 pg/mL), tolerabili-
ty, and organ volume response after 6 months. The
maximum administered dosage was 200mg three
times daily in three patients. Eighteen patients en-
tered the extended-use protocol and continued to
receive miglustat for up to 36 months (n = 13).

Drugs 2003; 63 (22)
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In the second study, by Heitner et al.,['”! 18
patients from two centres were treated with miglus-
tat 50mg three times daily for 6 months. Seven of
these patients had undergone previous splenectomy.
The same study design was employed, including
dosage adjustment, to allow direct comparison with
the other noncomparative trial conducted by Cox et
al. The lower initial dose of 50mg was assessed to
determine the lowest effective dose, since it had
been suggested that potential bone marrow toxicity
might explain the lower than expected haematologi-
cal response with the higher 100mg dose used in the
Cox et al. study. At the end of the study period, 16
patients continued to receive miglustat in a 6-month
extension phase with dosages up to 100mg three
times daily, although most patients (n = 12) received
100mg twice daily.

Liver and Spleen Volumes

e In both studies, there were significant mean re-
ductions from baseline in liver and spleen volume at
6 and 12 months (figure 2). The percentage reduc-
tion in liver volume at 6 months was slightly greater
with the higher 100mg dosage regimen used in the
study by Cox et al.l'® Additional liver volume re-
duction was observed at 12 months with the 100mg
dose,!'®! but not with the 50mg initial dose used in
the Heitner et al. study.!'”! Spleen volume reductions
from baseline were 3-fold higher with the 100mg
dosel'! than with the 50mg dosel!”! at 6 months.
With both dosage regimens, spleen volumes were
further reduced at 12 months.[!%17]

e In the extension phase of the study by Cox et
al.,l'%1 the mean reductions from baseline at 24 (n =
14) and 36 months (n = 13) for liver volume were
14.5% and 17.5%, respectively, while the reductions
in spleen volume were 26.4% and 29.6%, respec-
tively.21221

Haemoglobin and Platelets
e There were no statistically significant changes
from baseline in mean haemoglobin concentrations
at 6 or 12 months in either study (1.3 g/dLI'7 or
value not reported!'®! at 6 months; +0.26[1%1 or
+1.207 g/dL at 12 months). In patients from the Cox
et al. study!'®! who continued to receive miglustat

© Adis Data Information BV 2003. All rights reserved.
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Fig. 2. Efficacy of miglustat on organomegaly in type 1 Gaucher’s
disease. Mean percentage reduction from baseline in liver and
spleen volume in patients with mild-to-moderate type 1 Gaucher’s
disease after treatment with miglustat for 6 or 12 months in the
studies by Cox et al.l'®l (100mg three times daily initial dosage) and
Heitner et al.l'”] (50mg three times daily initial dosage). * p < 0.05, **
p < 0.01, ™™ p < 0.001 vs baseline.

during the extended-use phase, mean haemoglobin
concentrations at 24 (n = 14) and 36 months (n = 13)
increased from baseline by 0.91 (p < 0.05) and 0.95
g/dL, respectively.?!-23

e Mean platelet counts at 6 months were also not
significantly different from baseline in either study
(+2.0 x 109/LU7 or value not reported!!®!). At 12
months, increases in platelet counts were statistical-
ly significant versus baseline in the higher dose
study (8.3 x 109L, p = 0.014),['! but not in the
lower dose study (14.7 x 109/L).['! During extended
therapy, patients from the Cox et al. study!'® dis-
played mean increases in platelet counts of 13.6 X
109/L (p < 0.05) at 24 months (n = 14) and 22.2 x
109/L at 36 months (n =13).[21-23

Plasma Chitofriosidase

® Plasma chitotriosidase activity declined slowly

throughout treatment in both studies, indicating a
progressive reduction in disease activity. The reduc-
tion from baseline in the Cox et al. study was 16.4%
(p < 0.001) at 12 months,'®! while in the Heitner et
al. study, the reductions were 6.6% at 6 months (p =
0.039) and 15.3% at 12 months (p < 0.001).[17)

Drugs 2003; 63 (22)
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Quality of Life
e In the study by Heitner et al.,['7! patient quality of
life was assessed at day 1, 3 months and 6 months
using the SF-36 quality of life questionnaire. This
questionnaire assesses quality of life in eight dimen-
sions including physical function, role limitations
due to physical problems, bodily pain, general
health perceptions, vitality, social function, role lim-
itations due to emotional problems and mental
health. At 6 months, patients receiving miglustat
reported improvements in physical functioning (p =
0.052) and statistically significant improvements in
energy levels (p = 0.004). For the remaining para-
meters assessed, subjects either reported improve-
ments of at least 5% (social functioning, role limita-
tions due to physical problems) or little change.?*

Comparative Study

In the only comparative study to date,['>201 36
patients who had been receiving intravenous ERT
for at least 2 years were randomly assigned (non-
blind) to either switch to miglustat 100mg three
times daily (n = 12) for 6 months, to receive miglus-
tat 100mg three times daily in addition to ERT (n =
12) or to continue on ERT monotherapy (n = 12).
After 6 months of randomised therapy, all patients
were eligible to receive miglustat monotherapy in an
extended-use phase.
® At 6 months, there were small decreases from
baseline in mean liver (3—5%) and spleen volumes
(5-9%) in patients receiving miglustat, either alone
or in combination. The changes in mean absolute
liver and spleen volumes were not significantly dif-
ferent between the three treatment groups. Mean
haemoglobin concentrations were reduced slightly
from baseline in all three groups (0.5-2.4%), with
no significant differences between groups. How-
ever, mean platelet counts were significantly (p
value not stated) reduced from baseline in the miglu-
stat monotherapy group (-9.6%), compared with
increases in the ERT (10.1%) and combination ther-
apy groups (3.2%). Additionally, reductions in
chitotriosidase activity were significantly (p value
not stated) greater in the ERT and combined therapy

© Adis Data Information BV 2003. All rights reserved.
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groups, than in the
group.[19:201

e Analysis of a quality of life questionnaire (SF-36
with additional validated treatment-specific ques-
tions) demonstrated that patients receiving miglustat
monotherapy reported significantly greater treat-
ment convenience than those receiving ERT (p =
0.028) and nonsignificant (p = 0.053) improvement
in overall treatment satisfaction compared with
those receiving ERT. None of the patients receiving
miglustat monotherapy reported less satisfaction
with treatment at 6 months relative to baseline.[!!
e Of the 29 patients who entered the extended-use
phase, 22 were still receiving miglustat monother-
apy at 18 months, and none had reverted to ERT.
Reasons for withdrawal were related to miglustat
tolerability rather than lack of efficacy (no further
details provided).['”! At 12 months, there were no
significant changes from baseline in liver or spleen
volume, or haemoglobin concentrations in any of
the three treatment group (as originally random-
ised).l?" There were non-significant reductions from
baseline in mean platelet counts in all three treat-
ment groups. However, the reductions in platelet
counts between 6 and 12 months (the extension
period) were significant in the ERT and combination
therapy groups (no data provided).l?!

miglustat monotherapy

4. Tolerability

e Diarrhoea is the most common adverse effect of
miglustat therapy, occurring in >80% of patients. In
the three clinical trials discussed in section 3, diar-
rhoea occurred in 79%,1%1 949%U7 and 100%!"! of
patients. However, it was usually of mild-to-moder-
ate severity, was often self-limiting and responded
well to treatment with loperamide or codeine phos-
phate. Dosage increases resulted in transient recur-
rence of diarrhoea in two of three patients in one
study.['® Diarrhoea has been the reason for discon-
tinuation of therapy in only approximately 5% of
patients in these clinical trials. Other gastrointestinal
events occurring at much lower frequency include
flatulence, abdominal pain, nausea, constipation and
dyspepsia.['6-18.23]

Drugs 2003; 63 (22)
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o Weight loss (defined as >5% of baseline val-
ues)['”! has been observed in approximately 60% of
miglustat recipients, but is generally transient with
most patients stabilising or returning to baseline
bodyweight after 12 months.[17:18]

e Fine tremor of the hands or exacerbation of ex-
isting tremor has been reported in approximately
30% of miglustat recipients.!'”-!81 The incidence of
fine tremor in the study by Heitner et al. was 39%,
but it did not result in any treatment withdrawals.[!”!
One patient in the miglustat monotherapy treatment
arm withdrew from the comparative trial partly as a
result of developing transient tremor.[') Tremor was
not noted as a significant adverse event in the study
by Cox et al.l'® in which patients received higher
doses of miglustat than in the Heitner et al. study.!'”!

e Other common adverse events reported only in
the Heitner et al. study!'” were headache (50% of
patients) and flu-like symptoms (33%).

e Two patients in the extension phase of the Cox et

al. study!'9! developed peripheral neuropathy. Two
patients in the Heitner et al. study!"”! developed
neurological symptoms or abnormal electrodiagnos-
tic findings after the 12-month assessment. In one of
these patients, the neuropathy was believed to be
secondary to concurrent vitamin B2 deficiency for
which the patient was non-compliant with med-
ication.

® [solated cases of cognitive dysfunction have

been observed, but their relationship to miglustat
therapy is not certain. The one publicised case®!
involved an elderly patient who developed cognitive
dysfunction early in 2002, several months after stop-
ping miglustat therapy. The patient was originally
enrolled in 1998 in the Cox et al. study!®! and had
continued to receive miglustat in the extended treat-
ment phase until October 2001. Although a relation-
ship to drug therapy appeared unlikely, all treatment
was withdrawn at the study site in Israel as a precau-
tionary measure. Following a review of the clinical
data, miglustat treatment was reinstated or contin-
ued uninterrupted at all clinical study sites.[?5!

e Studies in animals have indicated that miglustat
may adversely affect spermatogenesis and male fer-

© Adis Data Information BV 2003. All rights reserved.
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tility, although the effects are reversible.*”) Miglus-
tat affects embryo/foetal survival in animals.['®!

5. Dosage and Administration

The recommended starting dose of miglustat in
type 1 Gaucher’s disease is 100mg orally three times
daily, with or without food, in adult patients under
the direction of physicians experienced in the treat-
ment of Gaucher’s disease. Diarrhoea or tremor may
necessitate dosage reduction to 100mg once or twice
daily in some patients.[820]

6. Miglustat: Current Status

Miglustat has been approved in the EU, Israel
and the US for the treatment of adult patients with
mild-to-moderate type 1 Gaucher’s disease for
whom ERT is unsuitable.

In clinical trials, miglustat significantly reduced
organomegaly associated with mild-to-moderate
type 1 Gaucher’s disease, but had only a limited
effect on the haematological signs of the disease.
Switching patients from ERT to miglustat mono-
therapy was associated with decreases in platelet
counts. Diarrhoea was the most frequent adverse
effect, with weight loss and tremor also being com-
mon. However, the adverse effects only infrequently
resulted in treatment withdrawal.
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