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Objective: To evaluate the efficacy and safety of miglustat, concomitant with enzyme replacement therapy (ERT), in patients
with Gaucher’s disease type 3 (GD3).
Methods: This 24-month, phase II, open-label clinical trial of miglustat in GD3 was conducted in two phases. During the
initial 12 months, patients were randomized 2:1 to receive miglustat or “no miglustat treatment.” The randomized phase was
followed by an optional 12-month extension phase in which all patients received miglustat. All patients received ERT during the
24-month period. The primary efficacy end points were change from baseline to months 12 and 24 in vertical saccadic eye
movement velocity as determined by the peak amplitude versus amplitude regression line slope. Secondary end points included
changes in neurological and neuropsychological assessments, pulmonary function tests, liver and spleen organ volumes, hema-
tological and clinical laboratory assessments, and safety evaluations.
Results: Thirty patients were enrolled, of whom 21 were randomized to miglustat and 9 to “no miglustat treatment.” Twenty-
eight patients entered the 12-month extension phase. No significant between-group differences in vertical saccadic eye movement
velocity or in the other neurological or neuropsychological evaluations were observed. Organ volumes and hematological pa-
rameters remained stable in both treatment groups, but improvement in pulmonary function and decrease of chitotriosidase
levels were observed with miglustat compared with patients receiving ERT alone.
Interpretation: Miglustat does not appear to have significant benefits on the neurological manifestations of GD3. However,
miglustat may have positive effects on systemic disease (pulmonary function and chitotriosidase activity) in addition to ERT in
patients with GD3.
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Currently, there is no effective treatment available for
the neurological manifestations of patients with type 3
Gaucher’s disease (GD3). GD is characterized by the
autosomal recessive inheritance of a functional defi-
ciency of the lysosomal enzyme, glucocerebrosidase.
Impaired activity of glucocerebrosidase leads to an ac-
cumulation of glucosylceramide in macrophages of var-
ious tissues, including the liver, spleen, bone and bone
marrow, and lungs. Clinical manifestations of GD in-
clude organomegaly and hematological complications,
with variable neurological involvement.1 With an esti-
mated global prevalence of 1:200,000,2 GD is the most
common of the lysosomal storage disorders.

GD is traditionally classified into three types. GD
type 1 (GD1) represents 95% of cases2 and is currently

classified as nonneuronopathic. The neuronopathic
forms of GD can be either acute (GD2) or chronic
(GD3). GD3 is characterized by systemic abnormalities
and variable neurological impairment. The major neu-
rological manifestation is early development of hori-
zontal supranuclear gaze palsy.3 Other symptoms in-
clude cognitive impairment, myoclonic epilepsy, ataxia,
and spasticity, which develop as the illness progresses.1,4

Enzyme replacement therapy (ERT) is approved in
Europe for the management of nonneurological mani-
festations of the disease in GD3 patients. It does not
appear to affect neurological or pulmonary involve-
ment in GD.5–9

Miglustat is a substrate reduction therapy approved
for the treatment of adult patients with mild-to-
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moderate GD1 for whom ERT is unsuitable or not a
therapeutic option.10,11 Miglustat reversibly inhibits
glucosylceramide synthase, the enzyme that catalyzes
the first committed step in glycosphingolipid synthe-
sis.12 In three pivotal studies in GD1 patients, miglus-
tat showed beneficial effects on organomegaly, hemo-
globin, and platelet levels.13–16

Miglustat has specific physicochemical properties
that promote wide tissue distribution (as shown in an-
imal models), and there is strong indirect evidence
from preclinical studies that it crosses the blood–brain
barrier.17 Miglustat has therefore been suggested as a
potential therapy for GD3. A recently published case
report has indicated that miglustat may improve neu-
rological manifestations in GD3.18

Here, we report data from a clinical trial that eval-
uated the efficacy and safety of miglustat in patients
with GD3.

Patients and Methods
Study Design and Objectives
This study was a 24-month, phase II, open-label clinical trial
with an initial 12-month, randomized, controlled phase fol-
lowed by an optional 12-month noncomparative extension
phase conducted in patients with GD3. The primary objec-
tive was to evaluate miglustat as a treatment for GD3 by
assessing changes in saccadic eye movement velocity and
other disease manifestations, with particular emphasis on
neurological parameters. The secondary objective was to as-
sess the safety and tolerability of miglustat in GD3 patients, as
well as its effect on visceral and systemic disease parameters.

Patients
Patients were recruited from two study centers: Center 1 in
Bethesda, MD, and Center 2 in London. All patients had a
diagnosis of GD confirmed biochemically. The diagnosis of
GD3 had been confirmed clinically. Patients who had been
stable on ERT for 6 months or longer or had undergone a
successful bone marrow transplant �1 year before study en-
try were included. At Center 1, only patients 4 years or older
were eligible, whereas at Center 2, there was no age restric-
tion. All patients were required to have the ability to swallow
a capsule of miglustat.

Patients undergoing concurrent therapy with other inves-
tigational agents and patients who were taking drugs or food
supplements that may have interfered with gastrointestinal
absorption or motility were excluded from the study. Pa-
tients who had suffered from clinically significant diarrhea
(�3 liquid stools/day for �7 days) without definable cause
within 3 months of a screening visit or who had a history of
significant gastrointestinal disorders were also excluded.
Other exclusion criteria included a current medical condition
that rendered a patient unsuitable for the study, such as hu-
man immunodeficiency virus or hepatitis infection, and an ad-
justed creatinine clearance of less than 70 mL/min/1.73 m2.

Administration of Study Drug
Patients were randomized (2:1) to receive miglustat or “no
miglustat treatment” for the first 12 months, followed by a

12-month extension where all patients received miglustat.
Patients 12 years or older received the adult dosage of mi-
glustat (200 mg three times a day), whereas patients younger
than 12 years received a lower dosage adjusted to their body
surface area. The investigator was permitted to reduce the
dosage of miglustat for patients of any age if it was indicated
clinically. All patients received ERT during the 24-month
period.

Eye Movements
Patients had a general ophthalmological assessment before as-
sessment of saccadic eye movements to exclude other causes
of visual impairment. Horizontal (HSEM) and vertical sac-
cadic eye movements (VSEM) were recorded at baseline,
month 12, and month 24 using a video, infrared, or scleral
search coil technique, and were sampled at 1kHz using Real-
time (EXperimentation) (REX). Patients faced a screen and
followed a target that jumped on the screen according to a
pseudorandom sequence. The subjects sat with head in chin
cup and forehead against a head rest, and faced a screen 1m
away on which a red laser spot was back projected (this sub-
tended about 0.5 degree). A mirror galvanometer moved the
spot in a pseudorandom sequence from �15 to �15 degrees
with target jumps of 2.5, 5, 7.5, 10, 12.5, 15, 20, 25, and
30 degrees in each direction. The target jumped approxi-
mately every 3 seconds with about 0.5-second variability.
Subjects were instructed to follow the target. A minimum of
100 target jumps was recorded. A second similar recording
was made after a break of at least 1 hour. The eye position
and target data were sent in ASCII format to a masked ob-
server who filtered and differentiated the data to obtain eye
velocity. Saccades were detected using velocity criteria, and
their characteristics (amplitude, duration, peak velocity) were
determined. A plot of saccade peak amplitude (defined as
saccade amplitude/saccade peak velocity) versus saccade am-
plitude was created for each session, and a regression line was
fitted to the data using Matlab (version 7.04). The slope and
intercept of the fitted line were the � and � used in this
study.19 The local assessors were masked to the patient’s
treatment status. Data for both sites were sent to a blinded
central assessor for final evaluation (L.A.). That assessor was
blinded to both treatment group and order of testing.

End Points
The primary efficacy end points were the change in VSEM
velocity from baseline to month 12 and to month 24. The
relation between peak amplitude (defined as peak amplitude/
peak velocity) and amplitude was calculated by linear regres-
sion (Fig 1), showing that saccade peak amplitude is gener-
ally higher in GD3 patients compared with age-matched
control subjects, at any given amplitude; that is, a reduction
in the slope of the linear regression line (or a decrease of the
slope, VSEM-�), represented an improvement in VSEM ve-
locity. To formally confirm that vertical saccades are abnor-
mal in patients with GD3, we compared the peak amplitude/
amplitude slope of vertical downward saccades using the
scleral search coil technique in 11 patients at the National
Institutes of Health site (4.65 � 3.93) with 10 age-matched
control subjects (1.79 � 0.49), and found them to be sig-
nificantly different (p � 0.03).
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A reduction in the intercept value of the linear regression
line (VSEM-�) could also represent an improvement in
VSEM velocity; thus, change from baseline in VSEM-� was
measured as a secondary efficacy end point, as were HSEMs
(HSEM-� and -�).

Additional neurological end points in this study included
a set of neuropsychological assessments (Purdue Peg Board
test, Wechsler Scale, Benton visual retention test, Rey audi-
tory verbal learning test, d2 test of attention, continuous per-
formance test, and Trail Making Test) and a set of neuro-
logical assessments (assessing mental state, cranial nerves,
motor skills, and other neurological symptoms). Brain
auditory-evoked potentials were also assessed. Systemic end
points included pulmonary function tests, liver and spleen
organ volumes, hematological assessments (including hemo-
globin and platelet counts), and clinical laboratory assess-
ments (biochemical disease markers including chitotriosidase,
hexosaminidase, and glucosylceramide). Safety assessments
included recording of adverse events and tremor measure-
ments (accelerometry and surface electromyographic (EMG)/
clinical assessment), vital signs, and physical examinations.

Patients were assessed at baseline, months 12 and 24, or
on early withdrawal from the study for all efficacy end points
except for biomarker assessments, which were performed ev-
ery 3 months during the 24-month treatment period.

Statistical Analyses
A sample size of 30 patients was selected on pragmatic
grounds because limited longitudinal data for VSEM were
available for GD3 patients at the time of study design. The
sample was expected to provide 86% power to detect a dif-
ference of 0.0012 msec/degree between treatment groups on
the primary efficacy end point, VSEM-�, at the two-sided

5% level of statistical significance. This calculation was based
on VSEM data obtained from six GD3 patients evaluated
before study initiation.

All efficacy evaluations for the 24-month period were per-
formed on all randomized patients who entered the 12-
month extension period and had at least one postbaseline
efficacy assessment during the 12-month extension period.
Patients randomized to “no miglustat treatment” who en-
tered the 12-month extension period and received miglustat
were included in the 12 months “no miglustat treatment”
plus 12 months “miglustat” group. Patients randomized to
“miglustat” who continued receiving miglustat during the
12-month extension period were included in the “24 months
miglustat” group. Patients randomized to “no miglustat
treatment” who entered the 12-month extension period but
who did not receive miglustat were excluded from efficacy
evaluations of the 12-month extension period.

Safety evaluations were performed for one single noncom-
parative cohort of patients, which included all randomized
patients who received at least one dose of miglustat during
the 24-month study period. Data from patients originally
randomized to “no miglustat treatment” were included only
from the date the first dose of miglustat was taken during the
12-month extension period.

For all efficacy end points, absolute values were calculated
using standard descriptive statistical measures (mean and
95% confidence intervals). For the primary efficacy end
point (VSEM-�), secondary eye movement end points
(VSEM-� and HSEM), and organ volumes, treatment
groups were also compared using an analysis of covariance
model with terms for baseline, center, and treatment group.

Results
Patients and Treatment
Thirty patients were enrolled in the study, of whom 29
were receiving ERT and 1 was not receiving ERT but
had undergone 2 bone marrow transplants at 16 and
13 years before the study and were fully engrafted (Fig
2). All 30 patients randomized to receive either miglus-
tat (n � 21) or no miglustat treatment (n � 9) com-
pleted the first 12 months of study treatment. Twenty-
eight patients (93%) entered the 12-month extension,
of whom 22 (73%) completed 12 months of extension
treatment. Overall, the median (range) exposure to mi-
glustat was 729 (6–802) days. Predose (trough) mi-
glustat levels in cerebrospinal fluid ranged from 201 to
629 ng/ml (n � 4) or up to 60% of the trough level in
plasma.

Patient demographics are summarized in Table 1.
There was a greater proportion of male patients in pa-
tients randomized to miglustat treatment than in those
randomized to no miglustat treatment. The proportion
of patients in the 2- to 11-year-old category was much
greater than in the no miglustat treatment group.

All 30 patients had at least 1 current manifestation
of GD at baseline. Seventeen patients (81%) in the mi-
glustat group and all patients in the no miglustat treat-
ment group had hepatomegaly (volume in milliliters �

Fig 1. Peak amplitude (saccade amplitude/saccade peak veloc-
ity) versus amplitude in a patient with type 3 Gaucher’s dis-
ease (GD3; open circles) and an age-matched control subject
(filled diamonds). Regression lines through the data for the
patient and for the control subject are also shown.
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25 � age in years) and splenomegaly (volume in mil-
liliters � 2 � age in years). Nine patients (43%) in the
miglustat group and 6 patients (67%) in the no mi-
glustat treatment group had anemia, whereas 12 (57%)
and 7 (78%) had thrombocytopenia (	150 �
103/ml), respectively. History of bone crisis was re-
ported in four patients (19%) from the miglustat group
and one (11%) from the no miglustat treatment group
(Table 2). Apart from horizontal supranuclear gaze
palsy, which was seen in all patients, baseline neurolog-
ical manifestations were heterogeneous (see Table 2).

Minor baseline electroneurography and myography

(EMG) abnormalities such as low compound muscle
action potential amplitudes in the left peroneal nerve
were observed in three patients randomized to miglus-
tat treatment.

The most common categories of nonneurological
concomitant illnesses at baseline were respiratory/tho-
racic disorders consisting of asthma, rhinitis, sinusitis
and interstitial lung disease (six patients in the miglus-
tat group and one in the no miglustat treatment
group), musculoskeletal and connective tissue disorders
(four patients in the miglustat group and one in the no
miglustat treatment group), ear and labyrinth disorders
(four patients in the miglustat group and one in the no
miglustat treatment group), and infections (five pa-
tients in the miglustat group and none in the no mi-
glustat treatment group).

All patients reported the use of at least one concom-
itant therapy at baseline. The most frequently reported
concomitant medications were ERT (imiglucerase; n �
29), salbutamol (n � 5), and penicillin (n � 5).

Neurological Outcomes
The results of the primary end point (VSEM-�) are
summarized in Table 3. In general, no effect on
VSEM-� was observed throughout the study. In the
24-month miglustat group, numerical increases were
observed on VSEM-� up (1.87 [95% confidence inter-
val (CI), 1.1–2.6] at baseline vs 2.22 [95% CI, 1.3–
3.1] at month 24; see Table 3) and VSEM-� down
(2.61 [95% CI, 1.8–3.5] at baseline vs 3.09 [95% CI
1.8–4.4] at month 24; see Table 3).

Analyses of secondary eye movement parameters did

Fig 2. Patient disposition. ERT � enzyme replacement therapy; BMT � bone marrow transplantation.

Table 1. Baseline Demographics by Treatment
Group

Demographics Miglustat
(n � 21)

No Miglustat
Treatment
(n � 9)

Male sex, n (%) 10 (48) 2 (22)

Mean age, yr (SD) 10.4 (5.1) 9.9 (4.0)

Age category

2–11 yr, n (%) 11 (52) 8 (89)

12–17 yr, n (%) 7 (33) 0

�18 yr, n (%) 3 (14) 1 (11)

Mean weight, kg (SD) 32.5 (13.7) 35.4 (12.2)

Mean height, cm (SD) 129.6 (21.0) 137.2 (12.6)

Mean BSA, cm2 (SD) 10,681 (3,101) 11,511 (2,359)

SD � standard deviation; BSA � body surface area.
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not show significant differences in VSEM-�, HSEM-�,
or HSEM-� between the two treatment groups at any
time point (data not shown). No statistically significant
between-group differences were seen on the other sec-
ondary neurological evaluations (neurological examina-
tions or cognitive tests) at the end of randomized ther-
apy or at the end of the extension phase (data not
shown).

Systemic Disease End Points
Changes in systemic disease parameters are summarized
in Supplementary Table 1. During the randomized
phase, pulmonary function testing indicated an im-
provement from baseline in percentage actual/predicted
forced vital capacity in the miglustat group (from 75.1

[95% CI, 62.0–88.2] at baseline to 81.1 [95% CI,
65.7–96.5] at month 12) compared with the no treat-
ment group (from 79.5 [95% CI, 61.3–97.6] at baseline
to 81.3 [95% CI, 62.7–99.9] at month 12) (see Supple-
mentary Table 1 and Figure 3). Furthermore, during the
extension phase, patients initially randomized to no mi-
glustat treatment also showed an improvement with mi-
glustat treatment (80.2 [95% CI, 62.0–98.3] for pa-
tients remaining in the study at month 12 vs 89.6 [95%
CI, 80.8–98.5] at month 24). Patients with an abnor-
mal forced vital capacity (	80%) at baseline showed the
most improvement with miglustat treatment (Fig 3).

Liver and spleen volumes remained stable in both
treatment groups at all time points. Similarly, hemo-
globin levels and platelet counts were stable throughout

Table 2. Frequency of Disease Historical Clinical Manifestations at Baseline

Symptom Patient Groups, n (%)

Miglustat
(n � 21)

No Miglustat
Treatment
(n � 9)

Overall
(n � 30)

Horizontal supranuclear gaze palsy 21 (100) 9 (100) 30 (100)
Hepatomegaly 17 (81) 9 (100) 26 (87)
Splenomegaly 17 (81) 9 (100) 26 (87)
Spinal alignment abnormalities 13 (62) 6 (67) 19 (63)
Cognitive impairment 12 (57) 2 (22) 14 (47)
Thrombocytopeniaa 12 (57) 7 (78) 19 (63)
Dysarthria 9 (43) 2 (22) 11 (37)
Anemia 9 (43) 6 (67) 15 (50)
Seizures 5 (24) 1 (11) 6 (20)
Ataxia 5 (24) 6 (67) 11 (37)
Bone crisis 4 (19) 1 (11) 5 (17)
Swallowing difficulties 3 (14) 2 (22) 5 (17)
Pyramidal tract dysfunction 3 (14) 2 (22) 5 (17)

aAt the start of the study, there were three patients with mild thrombocytopenia at baseline: Patients 116 (144 � 109/L) and 117
(132 � 109/L) in the miglustat group, and Patient 113 (149 � 109/L) in the no miglustat treatment group.

Table 3. Primary End Point (Vertical Saccadic Eye Movement-�) by Treatment Group

24 Months Miglustat 12 Months No Miglustat
Treatment � 12 Months

Miglustat

Movement
Direction

Time
Point

n Mean
Absolute

Value

95% CI n Mean
Absolute

Value

95% CI

Vertical Up Baseline 17 1.87 1.1–2.6 9 1.52 1.2–1.8
Month 12 17 2.44 1.5–3.4 9 1.80 1.2–2.4
Month 24 14 2.22 1.3–3.1 6 1.34 1.2–1.5

Vertical Down Baseline 17 2.61 1.8–3.5 9 2.76 1.7–3.8
Month 12 17 2.92 2.0–3.8 9 2.88 1.3–4.4
Month 24 13 3.09 1.8–4.4 5 2.48 1.2–3.8

An increase in vertical saccadic-� up or down represents a worsening in vertical saccadic eye movement (VSEM) velocity.
CI � confidence interval.
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the 24-month study period, and no notable differences
were observed between treatment groups (see Supple-
mentary Table 1).

No cases of bone crisis were reported during the
study. One patient randomized to the miglustat group
had a tibia fracture while playing on a trampoline 15
months into the study. Another patient who had sev-
eral fractures before entry into the study and was ran-
domized to the no miglustat group had two events of
severe femoral fracture: one reported at month 9 and
one reported at month 12 of the study.

Biomarkers
By month 6, a decrease from baseline in plasma chito-
triosidase activity was already observed in the miglustat
group (Fig 4). In the no miglustat treatment group,
plasma chitotriosidase levels remained unchanged up to
month 12. However, a reduction was seen 6 months
after initiation of miglustat treatment, and this reduc-
tion was sustained up to month 24 (see Fig 4). There
were no notable differences from baseline or between
treatment groups in the other plasma markers (including
hexosaminidase and glucosylceramide; data not shown).

Safety and Tolerability
Twenty-nine patients were included in the safety anal-
ysis. One patient randomized to the miglustat treat-
ment group did not receive the study drug and, there-
fore, was not included in the safety analysis. Miglustat
was well tolerated in both adult and pediatric patients
during this study. The most frequently reported ad-
verse events were diarrhea (21 patients, 72%), tremor
(11 patients, 38%), abdominal pain (10 patients,

34%), and cough (10 patients, 34%) (Table 4). These
adverse events were generally mild and did not lead to
study discontinuation.

Ten patients (34%) received at least one medication
for gastrointestinal adverse events during the first 13
weeks of the study, but the number of patients receiv-
ing such medication decreased over time, with only 5
(20%) taking these medications during the last 13
weeks of the study. Weight decrease was observed in a
total of seven patients (24%), and was mild (5 to
	10% decrease) in three patients and moderate (10 to
	20% decrease) in four patients. There was no retar-
dation of growth in pediatric or juvenile patients.

Four patients with normal baseline EMG experi-
enced abnormalities during the study. One patient ran-
domized to miglustat treatment had a confirmed poly-
neuropathy at the end of the study (month 24).
Another patient, also randomized to miglustat therapy,
experienced a subclinical polyneuropathy (ie, abnor-
malities on EMG consistent with a polyneuropathy
without clinical signs and/or symptoms of polyneurop-
athy) and was withdrawn from the study by the inves-
tigator after 482 days of exposure to miglustat. Two
patients had a subclinical mononeuropathy (one was
from the no miglustat treatment group); both patients
completed 24 months of treatment.

Six patients (21%) experienced at least one serious
adverse event during the study. The most common se-
rious adverse events were infections, experienced by
three (10%) patients. These events were not considered
to be related to miglustat treatment, and no deaths oc-
curred during the study.

Fig 3. Greater response to 24 months of miglustat treatment observed in patients with abnormal actual/predicted forced vital capac-
ity (FVC).
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Discussion
This is the first randomized, controlled study that has
evaluated the efficacy, safety, and tolerability of an oral

drug treatment in patients with GD3. Saccadic eye
movement velocity remained unchanged throughout
the study period. Recently published data suggest that
miglustat may improve neurological manifestations in
GD3.18 However, this was a single case report. Given
the natural history of the disease, it is not possible to
rule out natural variation as an explanation for an ap-
parent response in an individual patient. Miglustat may
also improve and/or stabilize several clinically relevant
neurological parameters in other neuronopathic lysoso-
mal storage disorders such as Sandhoff’s disease and
Niemann–Pick disease type C.20,21 However, this
study did not show effects of miglustat therapy over 12
or 24 months on VSEM velocity, HSEM velocity, or
other neurological or neuropsychological parameters.

A number of systemic disease parameters in this study
showed improvement or stability during miglustat treat-
ment. In particular, the improved pulmonary function
seen in some patients may be important because ERT
has been shown to have a suboptimal effect on pulmo-
nary involvement in GD. In a study of the efficacy of
ERT in GD3, 19 of 21 patients enrolled presented with
interstitial lung disease, which was always unresponsive
for up to 8 years of ERT.8 Similarly, in GD1 patients
with pulmonary signs or symptoms, no normalization in
pulmonary function or lung architecture was detected
with ERT, despite a good response to treatment on

Fig 4. Changes from baseline in plasma chitotriosidase activity during miglustat treatment. Black squares represent 24 months mi-
glustat with mean (standard deviation [SD]) baseline value of 2166.4 (1748.7); white squares represent 12 months no miglustat
treatment plus 12 months miglustat with mean (SD) baseline value of 3521.9 (5170.1).

Table 4. Most Frequently Reported Adverse Events
(Safety Population)

Adverse Eventsa Patients
(N � 29),

n (%)

Diarrhea 21 (72)

Tremor 11 (38)

Abdominal pain 10 (34)

Cough 10 (34)

Pyrexia 8 (28)

Weight decreased 7 (24)

Nasopharyngitis 7 (24)

Vomiting 6 (21)

Convulsions 6 (21)

Headache 6 (21)

Activated partial thromboplastin time
prolonged

6 (21)

Aspartate aminotransferase increased 6 (21)
aAdverse events that occurred in at least 20% of patients.
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other systemic manifestations.22 The incidence of pul-
monary manifestations in GD is not well established,23

but they appear to be more frequent in patients with
other severe disease manifestations.22 Pulmonary symp-
toms may therefore be of particular significance in GD3
patients, and miglustat may provide additional benefits
to ERT in the treatment of these manifestations.

The significant decrease in chitotriosidase levels seen
with miglustat in this study is consistent with Capablo
and colleagues’18 recent case on the effects of miglustat
in a GD3 patient, and suggests that miglustat may fur-
ther decrease chitotriosidase activity in addition to
ERT in GD3 patients. Chitotriosidase activity has be-
come accepted as a marker of type and clinical severity
in GD and of treatment response.24 The fact that there
was a clear decrease in activity in GD3 patients treated
with miglustat in addition of ERT is encouraging, and
may suggest an additional and possibly different
disease-modifying effect of miglustat therapy.

The tolerability profile of miglustat at 200 mg three
times a day in this GD3 patient population was com-
parable with that reported in previous trials in GD1,
where miglustat was administered at the approved dose
of 100 mg three times a day.13,15 Consistent with pre-
vious data, gastrointestinal adverse events, particularly
diarrhea and abdominal pain, were reported most fre-
quently. In general, all adverse events were of mild or
moderate severity and decreased in frequency over
time. There were no cases of withdrawal from the
study because of these adverse events, and gastrointes-
tinal side effects were well controlled by medications
such as loperamide. One confirmed polyneuropathy
(requiring discontinuation of study drug) and one sub-
clinical polyneuropathy were observed in patients ran-
domized to miglustat. These neurological side effects
should be interpreted with caution because the preva-
lence and incidence of peripheral nerve disease in GD3
is unknown and could also take into account recent
observations from a prospective, observational study in
103 GD1 patients showing a prevalence rate of poly-
neuropathy of 10.7%.25

Patients with GD3 may exhibit a wide degree of
variation for disease progression, and the severity of
systemic disease and neurological deficits differs consid-
erably between patients.4 Because of this wide variabil-
ity of phenotypes, there is currently no recognized
quantitative clinical end point for GD3 neurological
symptoms. In addition, there is minimal information
available on the natural history of GD3. We selected
supranuclear gaze palsy (saccadic initiation failure) as
our primary end point, because it was considered the
only universal neurological manifestation in GD3 and
is one of the criteria defining the condition, often be-
ing the earliest neurological sign.3,26,27 The difference
in VSEM velocity in a GD3 patient compared with an
age-matched control subject is shown in Figure 1.

VSEM velocity was used as the primary efficacy mea-
sure in this study rather than the HSEM because it
appears later and is virtually always milder; therefore,
we hypothesized it could be more susceptible to
changes after therapy. Also, some patients had unre-
cordable horizontal saccades.

The failure to detect treatment effects on saccadic
eye movement velocity may have resulted from a num-
ber of factors. Vertical saccadic velocity deteriorates
slowly, if at all (unpublished data). Our study might
have been too short (especially the controlled phase)
and might have lacked statistical power. The latter is
likely in view of the marked variability of the saccadic
eye movement defect. Other possibilities include a too
small inhibitory effect on the synthesis of glucosylcer-
amide of miglustat compared with its concentrations in
the brain and the possible irreversible nature of the
neurological defects in GD3.

Conclusions
This 24-month trial of miglustat, the first randomized,
controlled study of a drug treatment in patients with
GD3, did not show significant differences on the chosen
neurological endpoints over 24 months. However, the
data suggest that miglustat may have positive effects on
systemic disease (pulmonary function and chitotriosidase
activity) in addition to ERT in patients with GD3.

During the study, the sponsor changed from Oxford GlycoSciences,
a wholly owned subsidiary of Celltech R&D and the original man-
ufacturer of miglustat (OGT 918), to Actelion Pharmaceuticals
(Allschwil, Switzerland; August 2004). This study was also sup-
ported by the intramural research program of the NIH (National
Institute of Neurological Disorders and Stroke).
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