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Purpose: In Gaucher disease, diminished activity of the lysosomal enzyme, acid 3-glucosidase, leads to accumu-
lation of glucosylceramides and related substrates, primarily in the spleen, liver, and bone marrow. Eliglustat
is an oral substrate reduction therapy approved in the European Union and the United States as a first-line treat-
ment for adults with type 1 Gaucher disease who have compatible CYP2D6 metabolism phenotypes. A European
Advisory Council of experts in Gaucher disease describes the characteristics of eliglustat that are distinct from
enzyme augmentation therapy (the standard of care) and miglustat (the other approved substrate reduction
therapy) and recommends investigations and monitoring for patients on eliglustat therapy within the context
of current recommendations for Gaucher disease management.
Results: Eliglustat is a selective, potent inhibitor of glucosylceramide synthase, the enzyme responsible for
biosynthesis of glucosylceramides which accumulate in Gaucher disease. Extensive metabolism of eliglustat by
CYP2D6, and, to a lesser extent, CYP3A of the cytochrome P450 pathway, necessitates careful consideration of
the patient's CYP2D6 metaboliser status and use of concomitant medications which share metabolism by these
pathways. Guidance on specific assessments and monitoring required for eliglustat therapy, including an
algorithm to determine eligibility for eliglustat, are provided.
Conclusions: As a first-line therapy for type 1 Gaucher disease, eliglustat offers eligible patients a daily oral ther-
apy alternative to biweekly infusions of enzyme therapy. Physicians will need to carefully assess individual
Gaucher patients to determine their appropriateness for eliglustat therapy. The therapeutic response to eliglustat
and use of concomitant medications will require long-term monitoring.
© 2016 The Authors. Published by Elsevier B.V. on behalf of European Federation of Internal Medicine. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Eliglustat is an oral substrate reduction therapy approved in the
European Union (2015) and the United States (2014) as a first-line
treatment for adults with type 1 Gaucher disease who are extensive,
intermediate, or poor metabolisers, as predicted by genotyping the
cytochrome P4s9 CYP2DG6 locus [1]. It joins enzyme replacement therapy
(ERT) as a first-line therapy for the disease. As an oral therapy, eliglustat
also offers advantages over ERT with respect to time spent on therapy;
compatibility of treatment with job, family, and social commitments;
and, probably, improved quality of life.

Venous infusions of ERT have been in wide use for more than two
decades. The therapy is usually well tolerated and considered safe, and
infusion at the patient's home is possible in those countries where
home infusions are supported by the health care system. ERT is typically
prescribed by physicians experienced in treating Gaucher disease. Its
prescription requires consideration of the patient's body weight and ti-
tration to therapeutic efficacy. As a result of its genetically determined
metabolism in the liver, eliglustat requires individual adaptation of the
dose and careful supervision of concomitant medications.

In this review, the distinctive characteristics of eliglustat are set out,
together with the necessary basic investigations and monitoring
required during maintenance of this therapy. All other aspects of the
current recommendations for management of Gaucher disease [2-5]
remain unchanged. The authors are members of a European Advisory
Council consisting of leading experts in Gaucher disease convened
by Sanofi Genzyme to consider the appropriate use of eliglustat in
the treatment of adults with type 1 Gaucher disease. This position
statement reflects the consensus reached by the Council based on the
European product label for eliglustat and their collective clinical experi-
ence treating patients with Gaucher disease. An independently con-
vened panel of United States (US) experts in Gaucher disease recently
published recommendations for use of eliglustat which are consistent
with the US product label, including different dosing regimens in the
context of clinical practice in the US [6].

2. Current management of Gaucher disease

Gaucher disease is an inherited disease due to mutations in both
alleles of the acid p-glucosidase gene resulting in deficient activity of
the lysosomal enzyme, acid p-glucosidase [7,8]. The consequent
accumulation of its substrates, notably glucosylceramides, primarily in
the spleen, liver, and bone marrow can lead to progressive and debilitat-
ing manifestations, including spleen and liver enlargement, anaemia,
thrombocytopenia, pulmonary disease, immune dysfunction, bone pain,
osteoporosis, avascular necrosis (osteonecrosis), osteolytic lesions and
destruction of joints [2,3,7-13]. Types 2 and 3 Gaucher disease also affect
the central nervous system. Type 1 Gaucher disease, the so-called non-
neuronopathic form, is the most common form in the United States and
Northwestern European populations, affecting an estimated 1 in 40,000
to 1 in 60,000 individuals [14]; there is a higher prevalence among
Ashkenazi Jews [8].

The diagnosis of Gaucher disease is confirmed by demonstrating de-
creased acid p-glucosidase activity in leukocytes and/or by molecular
analysis of the GBA1 gene to identify two mutations plausibly in trans
either previously associated with the disease or judged to be disabling
for catalytic function or enzyme integrity [2,15]. In the case of inconclu-
sive residual enzyme activity, the presence of two known mutant alleles
in the GBA1 gene is diagnostic [15]. Enzyme therapy with imiglucerase
(Cerezyme, Sanofi Genzyme, Cambridge, MA, USA) has, over more
than 20 years, proved to very effective in Gaucher disease. Two other
ERTs (velaglucerase alpha [VPRIV], Shire Human Genetic Therapies,
Lexington, MA, USA, and taliglucerase alfa [ELELYSO], Pfizer Labs, New
York, NY, USA) have also been approved and are used widely in clinical
practice, although taliglucerase alfa is not approved in Europe. Early
treatment with imiglucerase for patients with symptomatic disease

has been shown to improve outcomes, including regression or amelio-
ration of organomegaly, reversal of anaemia and thrombocytopenia,
amelioration of bone pain and bone crises [16], reversal of osteopenia
[10], prevention of avascular necrosis (osteonecrosis) [9], improved
bone marrow burden score (at higher doses) [17], and improved quality
of life [18]. Despite the success of enzyme therapy in treating Gaucher
disease, the treatment has limitations, including disease in the skeleton
and lungs, which may be refractory despite long-term treatment [19].

Substrate reduction therapy represents an alternative stratagem for
ameliorating the effects of Gaucher disease by rebalancing the rate of
synthesis of glucosylceramides with their impaired breakdown. Where-
as administration of recombinant human acid 3-glucosidase augments
the endogenous enzyme activity in the patient to enhance the break-
down of accumulated glucosylceramides in the lysosomal compartment
of macrophages, substrate reduction therapy inhibits the enzyme
glucosylceramide synthase, thereby slowing the over-production of
glucosylceramides relative to their rate of recycling in the lysosomal
compartment. The oral substrate reduction therapy miglustat (Zavesca,
Actelion Pharmaceuticals, Allschwil, Switzerland) has been available in
Europe since approval in 2002; however, due to its low to medium
efficacy in Gaucher disease and considerable gastrointestinal and
neurologic side effects, it is approved in the European Union only as a
second-line therapy for patients unsuitable for ERT. Eliglustat (Cerdelga,
Sanofi Genzyme, Cambridge, MA, USA), a potent and selective inhibitor
of glucosylceramide synthase, was approved in Europe in 2015 as a first-
line therapy for adults with type 1 Gaucher disease who are genotyped
for CYP2D6 variants and predicted to be extensive, intermediate, or
poor metabolisers (categories which apply to more than 90% of type 1
Gaucher patients). Unlike the iminosugar miglustat, eliglustat is a cer-
amide analogue that inhibits UDP-glucosylceramide synthase without
inhibiting intestinal disaccharidases [20,21], thereby avoiding the
frequent gastrointestinal side effects encountered with miglustat
[22-24]. Miglustat achieves significant distribution in the brain, but is
not effective in neuronopathic Gaucher disease [25] and may cause neu-
rologic side effects in type 1 Gaucher disease [22,24]. This is avoided
with eliglustat because the multidrug transporter, Pgp-1, prevents
eliglustat accumulation in the brain [20,21,26]. As a small molecule
with a widespread tissue distribution, eliglustat may prove to be effec-
tive at “sanctuary sites” of disease, for example in bone and lung,
which are not accessible to treatment with therapeutic enzyme prepa-
rations [19]. Furthermore, oral administration of eliglustat provides an
advantage to patients when compared with regular intravenous
infusions of enzyme therapy (typically given every 2 weeks).

Thus far, 219 patients with type 1 Gaucher disease have been treated
with eliglustat in the completed Phase 2 and 3 clinical trials (Table 1).
Administration of eliglustat induced clinically meaningful improve-
ments in platelet counts and haemoglobin concentration, spleen and
liver volumes, and bone outcomes in previously untreated patients
[27-29], which have been maintained up to 18 months in the Phase 3
ENGAGE trial [30] and 4 years in the Phase 2 trial [31]. In patients
whose disease had been stabilised with ERT before switching to
eliglustat, improved haematological, visceral and bone parameters
remained stable after 12 months on eliglustat [32], with improvements
maintained up to 2 years [33]. Among 18 patients on eliglustat for
18 months in the ENGAGE trial, mean BMD T-score of the lumbar
spine increased from baseline by 0.19 and mean BMD Z-score increased
by 0.26 [30]. The 15 patients receiving 4 years of eliglustat therapy in the
Phase 2 trial had increases from baseline of 0.7 in both T-score and
Z-score of lumbar spine [34]. Longer-term data are needed to fully
evaluate eliglustat's effects on bone disease.

3. Eliglustat dosing and drug interactions
Eliglustat is metabolised by enzymes of the cytochrome P450

pathway, preferentially CYP2D6, and, to a lesser extent, CYP3A. Recom-
mendations for eliglustat dosing based on predicted CYP2D6 metaboliser
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