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IMPORTANCE Gaucher disease type 1is characterized by hepatosplenomegaly, anemia, jama.com
thrombocytopenia, and skeletal disease. A safe, effective oral therapy is needed.

OBJECTIVE To determine whether eliglustat, a novel oral substrate reduction therapy, safely
reverses clinical manifestations in untreated adults with Gaucher disease type 1.

DESIGN, SETTING, AND PARTICIPANTS Phase 3, randomized, double-blind, placebo-controlled
trial conducted at 18 sites in 12 countries from November 2009 to July 2012 among eligible
patients with splenomegaly plus thrombocytopenia and/or anemia. Of 72 patients screened,
40 were enrolled.

INTERVENTIONS Patients were stratified by spleen volume and randomized 1:1 to receive
eliglustat (50 or 100 mg twice daily; n = 20) or placebo (n = 20) for 9 months.

MAIN OUTCOMES AND MEASURES The primary efficacy end point was percentage change in
spleen volume in multiples of normal from baseline to 9 months; secondary efficacy end
points were change in hemoglobin level and percentage changes in liver volume and platelet
count.

RESULTS All patients had baseline splenomegaly and thrombocytopenia (mostly moderate or
severe), most had mild or moderate hepatomegaly, and 20% had mild anemia. Least-square
mean spleen volume decreased by 27.77% (95% Cl, -32.57% to -22.97%) in the eliglustat
group (from 13.89 to 10.17 multiples of normal) vs an increase of 2.26% (95% Cl, -2.54% to
7.06%) in the placebo group (from 12.50 to 12.84 multiples of normal) for an absolute
treatment difference of -=30.03% (95% Cl, -36.82% to -23.24%; P < .001). For the secondary
end points, the least-square mean absolute differences between groups all favored eliglustat,
with a 1.22-g/dL increase in hemoglobin level (95% Cl, 0.57-1.88 g/dL; P < .001), 6.64%
decrease in liver volume (95% Cl, -11.37% to -1.91%; P = .007), and 41.06% increase in
platelet count (95% Cl, 23.95%-58.17%; P < .001). No serious adverse events occurred. One
patient in the eliglustat group withdrew (non-treatment related); 39 of the 40 patients
transitioned to an open-label extension study.

CONCLUSIONS AND RELEVANCE Among previously untreated adults with Gaucher disease
type 1, treatment with eliglustat compared with placebo for 9 months resulted in significant
improvements in spleen volume, hemoglobin level, liver volume, and platelet count. The
clinical significance of these findings is uncertain, and more definitive conclusions about
clinical efficacy and utility will require comparison with the standard treatment of enzyme

replacement therapy as well as longer-term follow-up. Author Affiliations: Author
affiliations are listed at the end of this
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n Gaucher disease type 1, biallelic mutations in GBA (OMIM

606463) result in defective acid B-glucosidase (glucocer-

ebrosidase) and cause lysosomal accumulation of gluco-
sylceramide and glucosylsphingosine, primarily in the
monocyte-macrophage cell lineage.! Consequently, lipid-
laden macrophages (Gaucher cells) infiltrate spleen, liver, bone
marrow, and lungs, leading to hepatosplenomegaly, pancyto-
penia, skeletal disease, chronic bone pain, and growth fail-
ure. Patients exhibit high clinical variability.?

Untreated Gaucher disease type 1is a chronic and progres-
sive disorder associated with disability, reduced life expec-
tancy, and, in some patients, life-threatening complications.
The standard of care, macrophage-targeted enzyme replace-
ment therapy (ERT), reverses and prevents numerous mani-
festations of Gaucher disease type 134 but requires lifelong
biweekly intravenous infusions. Moreover, systemwide in-
volvement beyond the monocyte-macrophage system may un-
derlie unmet treatment needs in bone, lung, and the immune
system.®

Eliglustat, a novel oral substrate reduction therapy (SRT),
was recently approved by the US Food and Drug Administra-
tion and the European Commission for use in Gaucher dis-
ease type 1.° Whereas ERT supplements acid -glucosidase ac-
tivity in the lysosomes of
mononuclear phagocytes,
eliglustat is a ceramide
analog thatis a potent and
specificinhibitor of gluco-
sylceramide synthase
(IC, = 24 nM [concentra-
tion of drug needed to in-
hibit enzyme activity by 50%]), thereby reducing glucosylce-
ramide production to match its impaired rate of degradation.®
The first oral SRT approved for Gaucher disease type 1 was
miglustat. However, its risk-benefit profile and tolerability is-
sues restrict it to second-line therapy for a small subset of adults
with mild or moderate Gaucher disease type 1in whom ERT is
not an option.”®

In an uncontrolled phase 2 trial of 26 untreated adult pa-
tients with Gaucher disease type 1, eliglustat reduced gluco-
sylceramide accumulation and ameliorated major disease
manifestations.'°*? We report the results of ENGAGE, a ran-
domized, double-blind, placebo-controlled trial designed to
determine the effect of eliglustat on spleen volume, hemoglo-
bin level, liver volume, and platelet count in untreated pa-
tients with Gaucher disease type 1 and splenomegaly.

BMB bone marrow burden
BMD bone mineral density
ERT enzyme replacement therapy
MRI magnetic resonance imaging

SRT substrate reduction therapy

Methods

Patient Eligibility

Eligibility criteria included age 16 years or older, Tanner stage
4 or higher, a diagnosis of Gaucher disease type 1 confirmed
by deficient activity of acid -glucosidase in blood leuko-
cytes and/or GBA mutation analysis, and major clinical mani-
festations of the disease as defined by (1) hemoglobin level of
8.0 to 11.0 g/dL (women/girls) or 8.0 to 12.0 g/dL (men/boys)
and/or platelet count of 50 to 130 x 10°/L based on the mean
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of 2 screening measurements obtained at least 24 hours apart;
(2) splenomegaly with spleen volume 6 to 30 multiples of nor-
mal (normal spleen volume = 0.2% of body weight3); and (3)
if hepatomegaly was present, liver volume less than 2.5 mul-
tiples of normal (normal liver volume = 2.5% of body
weight?).>!3 Patients were eligible only if they had not re-
ceived treatment with SRT within 6 months or ERT within 9
months before randomization. Additional exclusion criteria in-
cluded a history of splenectomy (partial or total), evidence of
neurologic or pulmonary involvement, current symptomatic
bone disease, bone crises within 12 months before random-
ization, transfusion dependence, and non-Gaucher-related
anemia that was untreated or not stabilized with treatment
within 3 months prior to randomization.

Written informed consent was obtained from each pa-
tient or legal guardian. This study was conducted in accor-
dance with Good Clinical Practice as defined by the Interna-
tional Conference on Harmonisation, the principles defined in
the Declaration of Helsinki and its amendments, and all ap-
plicable national and international laws. The study protocol
(available in Supplement 1) was reviewed and approved by the
institutional review board or independent ethics committee
at each study site.

Study Drug

Patients were randomized to receive either eliglustat tartrate
(previously Genz-112638, Genzyme) or a placebo capsule con-
taining 50% microcrystalline cellulose (Avicel PH101) and 50%
lactose monohydrate USP/Ph-Eur.

Study Design

A placebo-controlled trial design was chosen to minimize pa-
tient and physician bias and provide the clearest determina-
tion of the magnitude of the treatment effect and tolerability
in treatment-naive patients. A 9-month study with change in
spleen volume as the primary end point was considered ac-
ceptable to assess clinical efficacy and minimize the risk of
acute or irreversible deterioration in patients receiving pla-
cebo, who were eligible to receive eliglustat during the trial’s
open-label extension. A study with ERT as the comparator
would have required at least twice as many treatment-naive
patients and posed prohibitive enrollment challenges given the
rarity and heterogeneity of Gaucher disease and the commer-
cial availability of effective treatment. Furthermore, a sepa-
rate trial, now completed, was undertaken comparing imiglu-
cerase with eliglustat in adults whose Gaucher disease type 1
had been stabilized by 3 years or longer of ERT (ENCORE;
clinicaltrials.gov identifier: NCT00943111).

Eligible patients were stratified by spleen volume (<20 vs
>20 multiples of normal) to ensure that treatment groups were
balanced with respect to number of patients with very large
spleens, then randomized 1:1 to receive 9 months of treat-
ment with eliglustat or placebo (Figure 1). The complete ran-
domization list was computer generated prior to enrollment
of the first patient in blocks of 4 within strata of spleen vol-
ume and was delivered using a central interactive voice re-
sponse or interactive web response system administered by the
sponsor’s Clinical Pharmacy Research Services. Blinded study
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Figure 1. Flow of Participants in the ENGAGE Trial

72 Patients assessed for eligibility

32 Excluded
28 Did not complete screening procedures
2 Did not meet eligibility criteria
2 Withdrew prior to randomization

40 Randomized

20 Randomized to receive eliglustat
20 Received eliglustat as randomized
16 Had baseline spleen volume
<20 multiples of normal
4 Had baseline spleen volume
>20 multiples of normal

20 Randomized to receive placebo
20 Received placebo as randomized
17 Had baseline spleen volume

<20 multiples of normal
3 Had baseline spleen volume

>20 multiples of normal

1 Patient withdrew after
3 mo (personal reasons)

19 Completed 9-mo assessment ‘ ‘

20 Completed 9-mo assessment

!}

v

20 Included in analysis of primary
end point

20 Included in analysis of primary
end point

medication kits were provided to each patient. Dose adjust-
ment based on eliglustat pharmacokinetic results (described
below) was performed by an independent pharmacology con-
sultant at a central laboratory. Patients, investigators, and the
sponsor’s clinical team were blinded to treatment allocation
until all patients completed the 9-month, double-blind treat-
ment, primary analysis period.

During the first 4 study weeks (day 1 to week 4), patients
randomized to eliglustat received a single 50-mg dose on day
1 and doses of 50 mg twice daily from day 2 to week 4. From
post-week 4 to 9 months, patients in the eliglustat group re-
ceived either 50 or 100 mg twice daily, dosed on the basis of
trough plasma concentrations of eliglustat at week 2. Patients
with a trough concentration of 5 ng/mL or higher continued
to receive 50 mg twice daily; the dose was increased to 100 mg
twice daily if the 2-week trough concentration was lower than
5 ng/mL. This dosing regimen was selected based on results
of a phase 2 study of eliglustat in patients with Gaucher dis-
ease type 1.'° To maintain the blind, patients were adminis-
tered 2 identical-appearing capsules twice daily of placebo, pla-
cebo plus eliglustat tartrate (50-mg dose), or eliglustat tartrate
alone (100-mg dose).

Patient adherence to the treatment regimen was deter-
mined by counting and recording the number of remaining cap-
sules at each study site visit. Acceptable drug adherence was
defined as at least 90% between each study visit.

Study Assessments

The primary efficacy end point was the least-square mean per-
centage change in spleen volume by magnetic resonance
imaging (MRI) from baseline to 9 months in the eliglustat group
compared with the placebo group. An independent core labo-
ratory (BioClinica, Newtown, Pennsylvania) performed cen-
tral blinded analysis of allimaging data. Secondary efficacy end
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points were the between-group absolute differences in change
in hemoglobin level, percentage change in liver volume by MRI,
and percentage change in platelet count from baseline to 9
months. Tertiary efficacy end points included the percentage
or absolute change from baseline to 9 months in activity of the
serum biomarker chitotriosidase (CHIT1 [OMIM 600031]; chi-
totriosidase genotypes were established for all patients with
respect to the common 24-base pair duplication at baseline so
that values could be normalized or excluded for analysis)'*°;
spine and femur bone mineral density (BMD) expressed in
grams per square centimeter, T score, and z score; bone mar-
row burden (BMB) score (lumbar spine plus femur); Gaucher
disease assessments (mobility, bone crises, and bone pain); and
quality-of-life scores (Brief Pain Inventory,'”'° Fatigue Sever-
ity Scale,”®*! and 36-Item Short Form Health Survey).>* The
MRI-based BMB score has been validated as a measure of bone
marrow infiltration by Gaucher cells and as an indicator of the
skeletal response to ERT.?3>2# Exploratory efficacy end points
included a Gaucher disease severity scoring system,>” a vali-
dated overall disease severity score, and investigational plasma
biomarker measurements, including glucosylceramide, GM3
ganglioside, ceramide, sphingomyelin, and macrophage in-
flammatory protein 1f.

Safety assessments included continuous monitoring of ad-
verse events with characterization by severity, relatedness to
treatment, seriousness, and medical events of interest from
the time of informed consent through completion of the safety
follow-up period (30-37 days after the last dose of study drug).
Medical events of interest were defined as clinically signifi-
cant cardiac arrhythmias detected by electrophysiological
monitoring that did not meet serious adverse event criteria as
well as syncope due to any cause irrespective of seriousness
criteria. Other safety assessments included 12-lead electrocar-
diography; 24-hour dual-lead Holter monitoring; physical ex-
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aminations; body weight, body mass index, and vital sign mea-
surements; neurological examinations; the Mini-Mental State
Examination; and standard clinical laboratory tests (ie, hema-
tology, serum chemistry, urinalysis). Plasma eliglustat con-
centrations were measured for pharmacokinetic analysis as de-
scribed previously.?®

After screening assessments for all disease indicators,
follow-up assessments included urinalysis, hematology, and
biomarkers at weeks 4, 13, 26, and 39 (9 months); spleen and
liver volumes, Gaucher disease assessments, and quality-of-
life assessments at weeks 26 and 39; and neurologic examina-
tion, Mini-Mental State Examination, Gaucher disease sever-
ity score, echocardiogram, spine x-ray, and dual-energy x-ray
absorptiometry and MRI of the spine and femur at 9 months.

As required by regulatory authorities, race and ethnicity
data were collected via patient self-report. Ethnicity informa-
tion is relevant in Gaucher disease because of the 50-fold
greater incidence in Ashkenazi Jewish individuals related to
the high carrier frequency of the N370S mutation.?”

Statistical Analysis

Sample size calculation estimated enrollment of at least 36 pa-
tients to provide 92% power to detect a 20% mean treatment
difference between eliglustat and placebo in the primary ef-
ficacy end point using a 2-sided, 2-sample t test with an a=.05
level of significance, assuming decreases in spleen volume from
baseline to 9 months of 25% and 5% for eliglustat and pla-
cebo, respectively, a standard deviation of 15%, and a drop-
out rate of 20%.

Because baseline spleen volume is an important predic-
tor of the expected magnitude of the treatment response,
the primary efficacy end-point analysis was performed in the
intention-to-treat population with the last-value-carried-
forward method using an analysis-of-covariance model fit-
ted with treatment and baseline spleen severity and an a=.05
level of significance. Analysis of covariance uses least-square
means linear regression to evaluate changes from baseline
while adjusting for the covariates included in the model. Nor-
mal distribution of the residuals was confirmed using the
Shapiro-Wilk test at an a=.05 level of significance. If the pri-
mary end point was met, sequential testing of the secondary
end points using the same analysis of covariance method was
permitted in a prespecified order (hemoglobin level, liver vol-
ume, platelet count), which required demonstration of statis-
tical significance of each preceding end point. For all efficacy
end points, significance testing was 2-sided and the last-value-
carried-forward method was used if a result at 9 months was
unavailable. Safety analyses were performed for all patients
who received at least 1 dose of placebo or eliglustat. Analyses
were performed using SAS software, version 9.0 or higher (SAS
Institute Inc).

. |
Results

Patient Characteristics
For this multinational study, 72 patients were screened at 26
centers in 18 countries during a 2-year enrollment period. Of
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these, 40 met the inclusion criteria and were randomized
1:1 to receive eliglustat (n = 20) or placebo (n = 20) at 18 sites
in 12 countries (Bulgaria, Canada, Colombia, India, Israel,
Lebanon, Mexico, Russia, Serbia, Tunisia, United Kingdom,
and United States). The first patient consented in November
2009 and the last patient visit was in July 2012. Thirty-nine
patients completed the primary analysis period of the study
(Figure 1) and continued to the open-label extension period.
One patient in the eliglustat group withdrew after week 13 for
personal reasons not related to an adverse event. As specified
in the protocol, data from this patient, who represented 5%
of the eliglustat group, were carried forward from the
patient’s last visit at 3 months for all efficacy analyses;
because spleen and liver volumes were measured only at
baseline and at 6 and 9 months, the baseline values were car-
ried forward for these measures. The remaining 39 patients
had both baseline and 9-month data for all primary and sec-
ondary end points.

Baseline demographics and patient characteristics are
shown in Table 1. eTable 1 in Supplement 2 summarizes the
Gaucher (GBA) and chitotriosidase (CHIT1) genotypes for all
patients. The study population included equal numbers of
male and female patients, was predominantly white and of
non-Jewish descent, and ranged in age from 16 to 63 years
(mean, 32 years). At baseline, all patients had splenomegaly
and thrombocytopenia (mostly moderate or severe) and
the majority had mild to moderate hepatomegaly. Anemia
(hemoglobin <12 g/dL [male] or <11 g/dL [female]) was
present in 20% of patients and was generally mild. A majority
of patients had moderate to severe marrow infiltration indi-
cated by BMB score and approximately 50% of patients had
osteopenia of the lumbar spine. The eliglustat and placebo
groups were well matched on baseline patient characteristics,
with the exception of a higher mean plasma glucosylce-
ramide level in the eliglustat group. Overall, disease-related
biomarkers were elevated in both treatment groups. More-
over, the eliglustat and placebo groups had similar GBA
mutations (eTable 1 in Supplement 2) and residual acid
-glucosidase activity. Five patients (eliglustat, n=2; placebo,
n=3) had received prior ERT with imiglucerase or alglucerase;
4 of these patients (eliglustat, n=1; placebo, n=3) had also
received prior SRT with miglustat (none was received within
9 months [ERT] or 6 months [SRT] before randomization).

Adherence to the assigned treatment regimen was at least
90% in all but 3 patients: 2 in the placebo group (adherence,
80.3% and 86.3%) and 1 in the eliglustat group (adherence,
61.6%).

Primary End Point

Changesin the primary and secondary efficacy end points from
baseline to 9 months are shown in Figure 2 and Figure 3 and
eTable 2 in Supplement 2. Mean spleen volume (primary end
point; Figure 2) decreased by 27.77% (95% CI, -32.57% to
-22.97%) in the eliglustat group (from 13.89 to 10.17 multiples
of normal) in contrast to an increase of 2.26% (95% CI, —2.54%
to 7.06%) in the placebo group (from 12.50 to 12.84 multiples
of normal) for an absolute treatment difference of -30.03%
(95% CI, —36.82% to —23.24%; P < .001).
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Table 1. Demographics and Baseline Patient Characteristics

Eliglustat Placebo

Characteristics (n=20) (n =20)
Age at study day 1, mean (SD), y 31.6 (11.55) 32.1(11.26)
Sex, No. (%)

Male 8 (40) 12 (60)

Female 12 (60) 8 (40)
Race/ethnicity, No. (%)

White, Ashkenazi Jewish 3 (15) 8 (40)

White, non-Ashkenazi Jewish 14 (70) 12 (60)

Hispanic 2 (10) 0

Asian 1(5) 0
Acid B-glucosidase activity, nmol/h/mg?

Mean (SD) 2.29 (3.38) 2.04 (3.79)

Median (range)
Spleen volume, multiples of normal
Mean (SD)
Median (range)
Liver volume, multiples of normal
Mean (SD)
Median (range)
Hemoglobin level, g/dL
Mean (SD)
Median (range)

1.40 (0.0 to 15.7)

13.89 (5.93)
12.09 (5.94 to 28.39)

1.44 (0.35)
1.36 (0.93 to 2.18)

12.1(1.8)
12.1 (8.15 to 15.25)

0.50 (0.0 to 15.5)

12.50 (5.96)
11.05 (6.32 to 25.27)

1.36 (0.28)
1.29 (0.93 to 1.98)

12.8 (1.6)
12.9 (9.65 to 16.30)

Original Investigation Research

@ Normal ranges: acid B-glucosidase,
5.79-9.12 nmol/h/mg;
chitotriosidase, <15 to 181

Platelet count, x10°/L
Mean (SD)
Median (range)

75.05 (14.10)
78.75 (50.5 to 98.5)
Chitotriosidase activity, nmol/h/mL?"°
Mean (SD)
Median (range)

13 313 (8151)
14 229 (2298 to 35 106)
Plasma glucosylceramide, pg/mL?
Mean (SD)
Median (range)

12.7 (4.8)
11.7 (6.3 t0 27.9)
Bone marrow burden score®
Mean (SD)
Median (range)

10.9 (2.6)
10.8 (6.0 to 16.0)
Lumbar spine bone mineral density T score?
Mean (SD)
Median (range)

-1.1(0.8)
-1.2(-2.3t00.6)
Femur bone mineral density T score?
Mean (SD)
Median (range)

-0.3(0.8)
-0.4 (-1.5t0 1.3)

nmol/h/mL; glucosylceramide, <2.0
t0 6.6 pg/mL.

®Normalized chitotriosidase values;
values were doubled for 6 patients
with a heterozygous chitotriosidase
genotype and excluded for 1
eliglustat patient with a
homozygous mutation and no
expected chitotriosidase
activity.'+1®

78.48 (22.61)
76.25 (50.5 to 128.5)

11118 (8313)
11 031 (724 to 35 960)

9.6 (3.8)
8.4 (5.6 to 18.4)

€ Bone marrow burden score is the
sum of lumbar spine and femur
bone marrow burden scores and
ranges as follows: 0-4, mild; 5-8,
moderate; 9-16: marked to
severe. 2324

9.8 (2.8)
9.5 (4.7 to 16.0)

9 For placebo, n = 18; for eliglustat,
n = 17; 2 placebo and 2 eliglustat
patients were excluded from
T-score analyses because they were
younger than 19 years and had no
normative data; 1additional
eliglustat patient had no baseline
bone mineral density value.

-1.1(1.2)
-1.2(-3.2t0 1.6)

-0.5(1.2)
-0.6 (-2.4t02.3)

Secondary End Points

Mean hemoglobin level increased in the eliglustat group (+0.69
g/dL)in contrast to a decrease in the placebo group (-0.54 g/dL),
resulting in an absolute treatment difference of 1.22 g/dL
(95% CI, 0.57-1.88 g/dL; P < .001). Mean liver volume de-
creased in the eliglustat group (-5.2%) and increased in the pla-
cebo group (+1.4%) for an absolute treatment difference of
-6.64% (95% CI, -11.37% to -1.91%; P = .007). Mean platelet
count increased in the eliglustat group (+32.0%) and de-
creased in the placebo group (-9.1%), resulting in an absolute
treatment difference of 41.06% (95% CI, 23.95%-58.17%;
P <.001). As shown in Figure 3, the largest improvements
tended to be seen in the most severely affected patients.

jama.com

Tertiary and Exploratory End Points

Outcomes related to tertiary and exploratory bone and bio-
marker end points are shown in Table 2. Eliglustat treatment
resulted in a statistically significant improvement in mean total
BMB score and there was no change in the placebo treatment
group, for an absolute decrease of 1.1 (95% CI, -1.7 to —-0.4;
P =.002). Other markers of bone disease, including BMD,
showed no significant change (Table 2). All disease-related bio-
markers reflecting different aspects of Gaucher disease patho-
physiology showed mean reductions with eliglustat treat-
ment compared with placebo, except for sphingomyelin, which
increased slightly but remained in the normal range, due toin-
creased bioavailability of ceramide with treatment (Table 2).
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Figure 2. Changes in the Primary End Point of Spleen Volume in the Intention-to-Treat Population

Absolute change over time

Change in individual patients from baseline to 9 mo
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For absolute mean changes in spleen volume, error bars indicate 95% Cls. For
individual baseline and 9-month values for each patient, patients are ordered in
each graph from the lowest to the highest baseline value. Mean baseline values
for spleen volume were as follows: for eliglustat, 13.9 multiples of normal, and
placebo, 12.5 multiples of normal.

2 Indicates the single patient who withdrew from the trial; this patient in the
eliglustat group withdrew for personal reasons at 3 months and had no
6-month or 9-month assessments. For the final efficacy assessments, change
for this patient was determined by last observation carried forward; thus, for
spleen volume, the baseline value was carried forward.

These included a biomarker of Gaucher cells (tertiary end point
of chitotriosidase, -44.4%; 95% CI, -64.1% to —24.8%; P < .001),
biomarkers of substrate accumulation (the exploratory end
points of plasma glucosylceramide [-66.9%; 95% CI, —78.2%
to -55.5%; P < .001] and GM3 ganglioside [-46.3%; 95% CI,
-61.6% to —31.0%; P < .001]), and a biomarker of inflamma-
tion (exploratory end point of macrophage inflammatory pro-
tein 1B, —43.5%; 95% CI, —55.8% to —31.2%; P < .001]).

With respect to Gaucher disease assessments, most
patients in both treatment groups had unrestricted mobility
and minimal or mild bone pain at baseline and at 9 months
(eTable 3 in Supplement 2). Quality-of-life analyses showed
few significant treatment-related changes in this 9-month
trial (eTable 4 in Supplement 2). There was a mean improve-
ment in the 36-Item Short Form Health Survey physical func-
tioning domain with eliglustat (75.3 to 79.0) compared with
placebo (88.3 to 77.8), for an absolute treatment difference of
13.2 (95% CI, 0.45 to 26.01; P = .01); changes in the other 9
domains did not reach statistical significance. There was a
statistically significant mean improvement in the Fatigue
Severity Scale score in the placebo group (3.53 to 2.96), which
was attributable to large decreases in two patients, compared
to no change in the eliglustat group (3.84 to 3.87), for an
absolute treatment difference of 0.7 (95% CI, 0.02 to 1.33;
P=.04).

The exploratory end point of Gaucher disease severity score
(eTable 5in Supplement 2) showed a small but statistically sig-
nificant mean reduction with eliglustat (from 4.70 to 4.24) com-
pared with placebo (from 4.43 to 4.37), for an absolute treat-
ment difference of -0.3 (95% CI, -0.67 to —0.01; P = .045).

Safety Analyses

Adverse events are summarized in Table 3. There were no
deaths or serious adverse events, and no patients discontin-
ued treatment because of a treatment-emergent adverse
event. All treatment-emergent adverse events were graded as
mild or moderate, and most were considered by the investi-

JAMA February 17,2015 Volume 313, Number 7

gator to be unrelated to the study drug. One medical event of
interest consisting of mild, nonsustained ventricular tachy-
cardia was reported in a patient in the placebo group. Arthral-
gia, nasopharyngitis, headache, migraine, nasal obstruction,
and pyrexia occurred in at least 10% more patients receiving
eliglustat (=2 patients) than receiving placebo. No patients in
either group had clinically significant worsening in any non-
disease-related laboratory measurements, vital signs, echo-
cardiogram findings, or neurologic examination findings.
Mean Mini-Mental State Examination scores at baseline and 9
months did not differ between treatment groups.

|
Discussion

Eliglustat, orally administered for 9 months, resulted in a sta-
tistically significant and clinically meaningful absolute
reduction in spleen volume of approximately 30% compared
with placebo, as well as statistically significant absolute
improvements in hemoglobin level (1.2 g/dL), liver volume
(-6.6%), and platelet count (41%). These clinical findings
were accompanied by improvement in the BMB score and
reductions in circulating substrate levels (glucosylceramide
and GM3 ganglioside). Moreover, chitotriosidase, a serum
biomarker indicative of the bodily burden of Gaucher cells,
was substantially reduced, as was macrophage inflammatory
protein 1f3, an inflammatory biomarker secreted by phago-
cytic cells surrounding Gaucher cells.'* No patient discontin-
ued treatment over the course of the 9-month study because
of a treatment-emergent adverse event.

Eliglustat differs from the oral SRT miglustat, a second-
line therapy for Gaucher disease type 1, in its structural and
pharmacologic properties. Eliglustat resembles the
ceramide moiety of glucosylceramide and is a potent and
highly specific inhibitor of glucosylceramide synthase (in
vitro IC, = 24 nM).?8 Miglustat, an N-butyl iminosugar,
resembles the glucose moiety of glucosylceramide and is a

jama.com

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: http://jama.,jamanetwork.com/ by a University of Virginia User on 02/18/2015



Eliglustat for Splenomegaly in Gaucher Disease

Original Investigation Research

Figure 3. Changes in the Secondary End Points of Hemoglobin Level, Liver Volume, and Platelet Count in the Intention-to-Treat Population

E Hemoglobin level

Absolute change over time
18.0

-
w
|

Change in individual patients from baseline to 9 mo
18.0

= - A
- Baseline Baseline
5 , 3 1604 il
E’ g 10 Eliglustat B_ 16.0 EQ mo . 16.0 T:Q mo
£= 051 T 14.0- | ige 14.0 g
[ o e $ | Lod 7
S2 3 : o bt
93 (|« = 12.01 l Lot 12.0 o9
= 5 | L ?
22 o5 S 100{ 4! 1004, 7 | T
c @ Placebo S
g2 -10] 5 804t 8.0
=3 T
R B T T . 6.0 6.0
0 1 3 6 9 Eliglustat Patients Placebo Patients
. Months
No. of patients
Placebo 20 19 19 20 20
Eliglustat 20 20 20 19 20
Liver volume
Absolute change over time Change in individual patients from baseline to 9 mo
E_
Sw® 0.9 2.5+ 2.5+
w £ «n
L5 i Q
g,f: 005 /;LPM S 204 TT 2.0 °
s 0 ‘ ‘ Ep .
. i v oo’
2 -0.05 & 1.51 ¢ 1.5
23 Eliglustat §3 a...oT?TT léooo?
>= 01/ S5 PR o ooéooo
g9y 5 10744 104, f
== -0.15+ g
= -
g & 02— ; ; ‘ 0.5 0.5
0 1 3 6 9 Eliglustat Patients Placebo Patients
. Months
No. of patients
Placebo 20 20 20
Eliglustat 20 19 20
Platelet count
Absolute change over time Change in individual patients from baseline to 9 mo
B3 40 180+ 180+
52 30 < 1604 160+
So o 1404 140+
== =1
E% 20 X 120+ | 120 tof
o u Eliglustat £ i |
SR 9 £ 100 l | “ lo3 100 | 7
o3 S 80+ | l l Lo . 804 e Q
U © - -
£& o : g 601 . 601 OQTMM?
2 E £ 40" 40T
c 2 -104 i)
o €L Placebo = 204 204
= -20—— ‘ ‘ ; 0 0
0 1 3 6 9 Eliglustat Patients Placebo Patients
X Months
No. of patients
Placebo 20 19 19 20 20
Eliglustat 20 20 20 19 20

For absolute mean changes in hemoglobin level, liver volume, and platelet
count, error bars indicate 95% Cls. For individual baseline and 9-month values
for each patient, patients are ordered in each graph from the lowest to the
highest baseline value. Mean baseline values were as follows: for hemoglobin
level, eliglustat, 12.1 g/dL, and placebo, 12.8 g/dL; for liver volume, eliglustat, 1.4
multiples of normal, and placebo, 1.4 multiples of normal; for platelet count,
eliglustat, 75 x 10°/L, and placebo, 79 x 10°/L.

2 Indicates the single patient who withdrew from the trial; this patient in the
eliglustat group withdrew for personal reasons at 3 months and had no
6-month or 9-month assessments. For the final efficacy assessments, change
for this patient was determined by last observation carried forward; thus, for
liver volume, the baseline value was carried forward, and for hemoglobin level
and platelet count, the 3-month value was carried forward.

nonspecific and weak inhibitor of glucosylceramide syn-
thase (in vitro IC,, = 50 pM).*° In addition, miglustat crosses
the blood-brain barrier whereas eliglustat effectively does
not. Miglustat is known to inhibit a wide range of glucosi-
dases with a resultant high incidence of gastrointestinal dis-
turbance and new neurologic symptoms,”°-3° which have
been linked to poor tolerability in clinical studies.®-3%-3*

In this cohort with Gaucher disease type 1 and substan-
tial disease manifestations, the slight decrease in clinical sta-

jama.com

tus of patients in the placebo group over 9 months under-
scores the progressive nature of Gaucher disease. By reducing
substrate influx, eliglustat significantly improved disease mani-
festations in patients with existing visceral and hematologic
involvement. The magnitude of the improvements observed
suggests that eliglustat alone may have the potential to effec-
tively restore balance in the production and degradation of glu-
cosylceramide without prior reconstitution of the macro-
phage system with exogenous acid B-glucosidase.

JAMA February 17,2015 Volume 313, Number 7

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: http://jama.,jamanetwork.com/ by a University of Virginia User on 02/18/2015

701



Research Original Investigation Eliglustat for Splenomegaly in Gaucher Disease

Table 2. Changes in Bone and Biomarker End Points From Baseline to 9 Months

Eliglustat Placebo
End-Point Measures (n =20) (n=20) Difference® P Value
Tertiary end points
Bone marrow (n =20) (n=20)
burden score®
Baseline, 10.9 (2.6) 9.8 (2.8)
mean (SD)
9 mo, mean (SD) 9.8 (2.6) 9.8 (2.8)
Absolute change, -1.1 (-1.5 to -0.6) 0.0 (-0.5 t0 0.5) -1.1(-1.7 to -0.4) .002
LS mean (95% Cl)
Lumbar spine (n=19)° (n=20)
bone mineral
density, g/cm?
Baseline, 0.991 (0.172) 1.037 (0.152)
mean (SD)
9 mo, mean (SD) 0.995 (0.160) 1.027 (0.151)
Absolute 0.004 (0.031) -0.010 (0.039)
change (SD)
% Change, 0.4 (-1.17 t0 2.0) -0.8 (-2.38 t0 0.71) 1.2 (-0.97 to 3.47) .26
LS mean (95% Cl)
Lumbar spine T score® (n=17)<¢ (n=18)¢
Baseline, -1.1(0.8) -1.1(1.2)
mean (SD)
9 mo, mean (SD) -1.0(0.8) -1.2 (1.1)
Absolute change, 0.0 (-0.1t0 0.2) -0.1(-0.2t0 0.03) 0.1(-0.1t0 0.3) .14
LS mean (95% Cl)
Lumbar spine z scoref (n=19)° (n=20)
Baseline, -1.1(0.9) -1.2(1.2) -0.7
mean (SD)
9 mo, mean (SD) -1.1(0.9) -1.3(1.2)
Absolute change, 0.1(-0.1t00.2) -0.1 (-0.2 t0 0.02) 0.2 (-0.01 to 0.4) .06
LS mean (95% Cl)
Femur bone mineral (n=19)° (n=20)
density, g/cm?
Baseline, 0.967 (0.146) 0.981 (0.161)
mean (SD)
9 mo, mean (SD) 0.961 (0.149) 0.982 (0.163)
Absolute change, -0.006 (0.023) 0.001 (0.03)
mean (SD)
% Change, -0.7 (-2.19 t0 0.76) 0.1(-1.29to 1.57) -0.9 (-0.01 to 0.36) .66
LS mean (95% Cl)
Femur T score? (n=17)<e (n = 18)¢
Baseline, -0.3(0.8) -0.5(1.2)
mean (SD)
9 mo, mean (SD) -0.3(0.8) -0.4 (1.2)
Absolute change, -0.1(-0.2 to 0.04) 0.0 (-0.1t00.1) -0.1 (-0.3 to 0.04) .15
LS mean (95% Cl)
Femur z score® (n=18)° (n =20)
Baseline, -0.1(0.7) -0.4 (1.2)
mean (SD)
9 mo, mean (SD) -0.2 (0.7) -0.4 (1.2)
Absolute change, 0.0 (-0.1t00.1) 0.0 (-0.1t00.1) 0.0(-0.2t00.1) .57
LS mean (95% Cl)
Serum chitotriosidase (n=19)" (n=20)
activity, nmol/h/mL9
Baseline, 12 648 (8473) 11118 (8313)
mean (SD)
9 mo, mean (SD) 8204 (6340) 10 950 (7345)
Absolute change, -4677 (3658) -167 (3333)
mean (SD)
% Change, -39.0 (-53.0 to -25.0) 5.4 (-8.3 t0 19.0) -44.4 (-64.1 to -24.8) <.001
LS mean (95% Cl)
(continued)
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Table 2. Changes in Bone and Biomarker End Points From Baseline to 9 Months (continued)

Eliglustat Placebo
End-Point Measures (n=20) (n=20) Difference?® P Value
Exploratory end points
Plasma glucosylceramide, (n=20) (n=20)
Hg/mL9
Baseline, 12.7 (4.8) 9.6 (3.8)
mean (SD)
9 mo, mean (SD) 3.5(2.2) 8.9 (3.5)
Absolute change, -9.2 (3.5) -0.6 (2.5)
mean (SD)
% Change, -71.7 (=79.5 to -64.0) -4.9 (-12.6 to 2.9) -66.9 (-78.2 to -55.5) <.001

LS mean (95% Cl)

Plasma GM3 ganglioside, (n = 14)
Hg/mL9

Baseline, 27.7 (5.3)

mean (SD)

9 mo, mean (SD) 12.0 (6.4)

Absolute change, -15.7 (7.3)

mean (SD)

% Change, -54.0 (-64.4 to -43.7)

LS mean (95% Cl)

Plasma macrophage (n=20)
inflammatory protein 1B,
pg/mL9
Baseline, 277 (101)
mean (SD)
9 mo, mean (SD) 134 (76)
Absolute change, -143 (78)
mean (SD)
% Change, -51.6 (-60.3 to -42.9)
LS mean (95% Cl)
Plasma ceramide, pg/mL® (n=20)
Baseline, 3.5 (0.95)
mean (SD)
9 mo, mean (SD) 3.1 (0.68)
Absolute change, -0.4 (1.20)
mean (SD)
% Change, -4.7 (-16.9 to 7.5)
LS mean (95% Cl)
Plasma sphingomyelin, (n=20)
Hg/mLe
Baseline, 247 (69.4)
mean (SD)
9 mo, mean (SD) 280 (50.2)
Absolute change, 33 (78.8)
mean (SD)
% Change, 21 (12.5t029.4)

LS mean (95% Cl)

(n = 14)
22.6 (7.0)

20.7 (4.6)

-1.9 (4.7)
-7.7 (-18.1t0 2.7) -46.3 (-61.6 to -31.0) <.001

(n=20)

287 (143)

255 (120)

-32 (58)
-8.0 (-16.7 t0 0.6) -43.5 (-55.8 to -31.2) <.001

(n=20)
3.6 (0.84)

3.3 (1.08)
-0.3 (1.12)

-3.2(-15.4t09.0) -1.5(-18.7 to 15.8) .86
(n=20)
234 (47.5)

230 (39.4)
-4 (42.2)

-2 (-10.5t0 6.4) 23 (11 to 35) <.001

2@ Change from baseline was analyzed using analysis-of-covariance methods
evaluating differences in least-square (LS) means, adjusted for treatment
group, baseline spleen severity group, and a continuous variable for the
baseline observation. Means and SDs are calculated arithmetically unless
specifically noted to be LS means calculated using the analysis-of-covariance
methods. Only patients who had baseline data were included in these
analyses; as specified in the Methods section of the text, last values were
carried forward for the 1 eliglustat patient who withdrew from the trial at 3
months; all other patients with baseline data also had 9-month data.

®Bone marrow burden score is the sum of lumbar spine and femur bone
marrow burden scores (each ranging from 0-8) and categorized as follows:
0-4, mild; 5-8, moderate; and 9-16, marked to severe.?>2*

€ One eliglustat patient lacked baseline bone mineral density data and is
excluded from all bone mineral density analyses.

dT-score bone density categories: normal, score >-1; osteopenia, score -2.5 to
=-1; and osteoporosis, score =-2.5.

© Two patients in each treatment group were younger than 19 years and were
excluded from the lumbar spine and femur T-score analyses because
normative data are not available for this age group.

f Bone density categories: normal, z score >-2; below normal, z score <-2.

8 Normal ranges: chitotriosidase, <15 to 181 nmol/h/mL; glucosylceramide, <2.0 to
6.6 pg/mL; GM3 ganglioside, 5 to 21 ug/mL; macrophage inflammatory protein 1B,
27.3to077.2 pg/mL; ceramide, 1.8 to 6.5 ug/mL; sphingomyelin, =200 to 703 pg/
mL. Chitotriosidase values were set equal to zero for 1 patient with a homozygous
CHITT null mutation expected to result in inactive enzyme and were doubled for 6
patients who were heterozygous for the CHITT null mutation.*'® Percentage
change was not calculated for the patient with the homozygous CHITT mutation.

" One eliglustat patient was omitted from the analysis because of a null
mutation rendering the enzyme inactive.

I Baseline values are missing for 6 patients in each group because this
assessment was added as a protocol amendment (amendment 3; February 25,
2010) after these patients had enrolled in the trial and had begun treatment.
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Table 3. Summary of Treatment-Emergent Adverse Events

Eliglustat Placebo
(n=20) (n =20)
No. (%) of No. of No. (%) of No. of
Events Patients Events Patients Events
Adverse events 18 137 14 95
Serious adverse events 0 0 0 0
Medical events of interest® 0 0 1 1
Treatment-related adverse events 8 31 9 25
Adverse event-related withdrawals 0 0 0 0
Severity of adverse events
Mild 16 94 14 85
Moderate 15 43 6 10
Severe 0 0 0 0
Adverse events in 210% of patients
Abdominal pain 1(5) 1 2 (10) 2
Arthralgia 9 (45) 11 2 (10) 4
Contusion 2 (10) 4 3 (15) 3
Cough 0 0 2 (10) 2
Diarrhea 3 (15) 6 4 (20) 5
Dizziness 1(5) 2 2 (10) 2
Fatigue 1(5) 2 2 (10) 2
Flatulence 2 (10) 3 1(5) 1
Headache 8 (40) 23 6 (30) 13
Influenza 0 0 2 (10) 2
Migraine 2 (10) 2 0 0
Nasal obstruction 2 (10) 3 0 0
Nasopharyngitis 3 (15) 3 0 0
Nausea 2 (10) 2 1(5) 1
Oropharyngeal pain 2 (10) 2 1(5) 1
Pruritus 0 0 2 (10) 3
Pyrexia 2 (10) 2 0 0 ! ]
0 210 o
Toothache 1(5) 2 3(15) 3 tachycardia) was reported in a
Vomiting 1(5) 1 2 (10) 2 patient in the placebo group; none
Upper respiratory tract infection 1(5) 1 4 (20) 4 were reported in the eliglustat

group.

The observed efficacy of eliglustat therapy after 9 months
in this phase 3 clinical study is consistent overall with the re-
sults observed in an uncontrolled phase 2 study in which oral
eliglustat was administered to 26 patients with Gaucher dis-
ease type 1 twice daily in 50-mg or 100-mg doses based on
plasma drug concentrations.' The patients in the phase 2 study
had more advanced Gaucher disease type 1 compared with the
patients studied herein, with lower mean hemoglobin levels and
platelet counts, greater splenomegaly, and lower residual acid
B-glucosidase at baseline. In that study, significant improve-
ments after 1 year were observed for change in mean spleen vol-
ume (-38.5%), liver volume (-17.0%), hemoglobin level (1.62
g/dL), and platelet count (40.3%),'° with continued improve-
ments during the second year of treatment.>* After 4 years of
treatment, there was a mean 65% reduction in spleen volume,
28% reduction in liver volume, 2.3 g/dL increase in hemoglo-
bin level, and 95% increase in platelet count.*?

The findings of our study should be interpreted with some
limitations in mind. Although, to our knowledge, ENGAGE is
the first placebo-controlled trial in patients with Gaucher dis-

JAMA February 17,2015 Volume 313, Number 7

ease type 1 and the largest randomized trial in treatment-
naive patients with Gaucher disease type 1 conducted to date,
itis still a small trial with only 40 patients. Because of the large
treatment effects observed with eliglustat, the study was ad-
equately powered to detect statistically significant differ-
ences in the primary and all secondary end points and mini-
mized the number of patients exposed to placebo. Because this
was a 9-month study in untreated adult patients with Gau-
cher disease type 1, information about longer-term exposure
or in different patient populations, including those whose dis-
ease is currently stabilized with ERT, cannot be extrapolated.
Nine months is generally an insufficient follow-up period to
observe changes in BMD, especially in patients with compara-
tively mild bone loss at baseline. Longer follow-up of the pa-
tients in this trial is needed to confirm the BMD improve-
ments reported in the phase 2 study, in which mean lumbar
spine T score increased from the osteopenic range at baseline
to the normal range after 4 years of treatment.™ After 9 months,
eliglustat resulted in significant improvement in the physical
functioning domain compared with placebo; however, the
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Fatigue Severity Scale score improved in placebo patients and
was unchanged in eliglustat patients. Longer-term treatment

Original Investigation Research

Conclusions

may result inimprovements in other domains of quality of life

in a population reporting a relatively small burden of quality-
of-life impairment at baseline. This study was not designed to
compare the efficacy of eliglustat with other therapies for
Gaucher disease type 1. Although the improvements ob-
served with eliglustat were consistent with what can be ex-
pected from ERT, further eliglustat studies, such as the ENCORE
trial, are intended to assess how eliglustat compares with ERT
in patients whose disease has been stabilized with ERT.
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