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PHARMACEUTICAL COMPOSITIONS COMPRISING VENGLUSTAT

TECHNICAL FIELD
[0001] The present disclosure relates to pharmaceutical compositions, including dosage
forms, such as tablets or capsules, comprising venglustat, in free base, or pharmaceutically
acceptable salt form, optionally in combination with one or more additional therapeutic agents,

processes for manufacture thereof, and methods of use in the treatment or prevention of disease.

BACKGROUND OF THE INVENTION

[0002] Quinuclidine compounds such as venglustat have activity as inhibitors of the enzyme
glucosylceramide synthase (GCS). These compounds have been disclosed as generally being
useful in the treatment lysosomal storage diseases such as Fabry disease, Gaucher disease, and
Niemann-Pick disease. See, e.g., WO 2012/129084 and U.S. 2016/0361301. Other diseases
which may be treated using GCS inhibition are polycystic kidney disease, especially autosomal
dominant polycystic kidney disease or ADPKD (e.g., WO 2014/152215), proteinopathies such as
Alzheimer’s disease, and Parkinson’s disease (e.g., WO 2016/145046), and ciliopathies such as
Bardet-Biedl syndrome (BBS) and Joubert syndrome (e.g., PCT/US2020/016588, published as
WO 2020/163337).

[0003] For example, Gaucher disease (GD) is a rare, autosomal recessive, lysosomal storage
disease. GD patients have a mutation in the GBAI gene which encodes glucosylceramidase
(GC), also known as beta-glucocerebrosidase. This enzyme is responsible for breaking down
glycosphingolipids into their components, such as breaking down glucosylceramide (GLC; also
known as glucocerebroside) into glucose and ceramide. Monocytes and macrophages have a
particularly high content of lysosomes containing GLC, and in GD patients these cells become
enlarged and accumulate toxic concentrations of GLC. These so-called “Gaucher cells”
accumulate in several organs, including the bone, bone marrow, spleen, liver, lung, and brain.
Systemically, this results in splenomegaly, hepatomegaly, anemia, thrombocytopenia,
leukopenia, osteopenia, osteonecrosis, and other pathologic abnormalities.

[0004] Type 1 Gaucher disease (GD-1), non-neuronopathic GD, is the most common form,
with median age at diagnosis of 28, and mildly reduced life expectancy. In GD-1, the GC
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enzyme retains some functionality, and there is no neurological involvement. Type-2 GD is acute
neuronopathic GD, with diagnosis during infancy, severe neurological involvement, and death
usually within the first two years of life. The GC enzyme in a Type-2 patient is more severely
compromised in function compared to in GD-1. Type-3 GD is chronic neuronopathic GD, with
diagnosis during childhood, gradually worsening neurological involvement, and life expectancy
usually not more than 30 years. Symptoms of GD-3 include spleen and liver abnormalities,
fatigue, bleeding, seizures, and supranuclear gaze palsy. The neurological manifestations in GD-
3 patients gradually develops over the course of the disease.

[0005] Existing treatment for GD-1 and GD-3 are limited to recombinant enzyme
replacement therapy (ERT) using imiglucerase, velaglucerase, or taliglucerase, and substrate
reduction therapy (SRT) using miglustat or eliglustat. Imiglucerase, the leading treatment
regimen, is a recombinant version of human GC, made in Chinese hamster ovary cells and
administered by slow intravenous injection (typically over 1-2 hours) every 1-2 weeks. It has
been available since 1998 in the U.S. Velaglucerase is another recombinant human GC analog,
this one made in a fibrosarcoma cell line, and it was FDA-approved in 2010. Taliglucerase is
similar, made using genetically modified carrot plant root cells, and has been approved since
2012. These treatments all require IV administration in a hospital or other medical setting and the
recombinant enzymes do not cross the blood-brain barrier, and therefore, are not capable of
treating the neurological symptoms of GD. Thus, while these ERT regimes have proven effective
in treating GD-1 patients, in GD-3 patients they are only effective in treating the non-
neurological symptoms of the disease.

[0006] Substrate-reduction therapy is an alternative approach to treating GD. The goal of this
therapy is to reduce the accumulation of GLC by inhibiting the enzyme which is responsible for
synthesizing GLC. Glucosylceramide synthase (GCS), also known as UDP-glucose ceramide
synthase, is the enzyme which catalyzes the initial glycosylation step of ceramide to form
glucosylceramide.

[0007] Venglustat is (S)-quinuclidin-3-y1 2-(2-(4-fluorophenyl)thiazol-4-yl)propan-2-

ylcarbamate, having the following structure:
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[0008] However, there remains an urgent need for an orally available pharmaceutical

formulation to treat these debilitating diseases.
BRIEF SUMMARY OF THE INVENTION

[0009] The present disclosure provides oral pharmaceutical compositions, including dosage
forms, comprising venglustat in free base or pharmaceutically acceptable salt form, such as, in
combination with one or more pharmaceutically acceptable excipients. In some embodiments,
the dosage form is a tablet. In other embodiments, the dosage form is a capsule. In some
embodiments the dosage form further comprises one or more additional therapeutic agents.
These compositions are useful for the treatment or prevention of a variety of diseases and

disorders related to dysfunctional sphingolipid storage and processing.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figure 1 shows the results of an assessment of compression and ejection force
characteristics in the formation of tablets from compositions described herein by direct

compression using a Stylcam compaction simulator (equipped with 7 mm punches).

DETAILED DESCRIPTION
[0011] The present disclosure provides venglustat formulated for oral administration,
particularly for patients suffering from diseases including Fabry disease, Gaucher disease,
Parkinson’s disease, and polycystic kidney disease. Patients for venglustat include children, as
well as adults with motor dysfunction. While most patients in need of venglustat will take a solid
oral dosage form by swallowing, with or without liquid, some patients in need of venglustat have
difficulty swallowing traditional oral dosage forms. The present disclosure therefore provides

oral dosage forms which are safe and suitable for use in children and in patients with difficulty
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swallowing, including chewable tablets and orally disintegrating tablets. In particular, some
tablets according to the present invention can be swallowed whole by most patients, but may also
be chewed by patients with swallowing difficulty (in contrast to many chewable tablets which
must be chewed for effective absorption). The formulations according to the present disclosure
meet the following requirements: good physical and chemical stability (i.e., compatibility
between the ingredients), suitability for direct compression tableting, adherence to U.S. FDA
requirements for chewability, palatability, fast disintegration, suitable resistance to crushing, and
suitable friability. Because patients with swallowing difficulty may prefer to chew the tablets, the
tablets are preferably formulated for effective chewability with respect to taste, mouthfeel, and
hardness. Preferably, chewable tablets have a chewing difficulty index of less than 0.6 Nm,
which is considered satisfactory for this such a patient population (including pediatric patients
and adult patients with motor abnormalities). In addition, compositions according to the present
disclosure provide acceptable taste and mouthfeel, with acceptable hardness and friability for
chewing, while also retaining acceptable physical properties for effective manufacturing (such as
avoiding stickiness to process machinery) and rapid aqueous dissolution for immediate drug

delivery.

[0012] Venglustat is a tertiary amine compound comprising a quinuclidine ring. The ring
nitrogen in a quinuclidine ring is relatively highly reactive due to the geometry of the constrained
ring system. One result of this is that quinuclidine undergoes relatively facile N-oxidation to

form Compound A:

I
@oJ\H><E>/®,F

Compound A
The gradual formation of this degradation product makes formulation of oral dosage forms for
venglustat difficult, as it is necessary to provide a sufficiently inert environment for the

venglustat so as to minimize the formation of this N-oxide compound, both during formation of
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the API and its incorporation into final dosage forms and during storage of the resulting dosage
forms.
[0013] The present disclosure provides an oral pharmaceutical composition (Composition 1),

comprising venglustat:

in free base or pharmaceutically acceptable salt form (e.g., in malate salt form), a
diluent/filler (e.g., cellulose or microcrystalline cellulose, mannitol, or lactose), and a lubricant
(e.g., magnesium stearate or sodium stearyl fumarate). For example, Composition 1 may be as
follows:

1.1.  Composition 1, wherein the Composition comprises the venglustat in free base form;

1.2.  Composition 1, wherein the Composition comprises the venglustat in pharmaceutically
acceptable salt form;

1.3.  Composition 1.2, wherein the Composition comprises the venglustat in an acid addition
salt form;

1.4, Composition 1.3, wherein said acid addition salt form is a salt selected from the
hydrochloride, hydrobromide, hydroiodide, nitrate, sulfate, bisulfate, phosphate, acid
phosphate, acetate, lactate, citrate, acid citrate, tartrate, bitartrate, succinate,
hydroxysuccincate, malate, maleate, fumarate, gluconate, saccharate, benzoate,
methanesulfonate, and pamoate;

1.5. Composition 1.4, wherein the acid addition salt form is selected from hydrochloride,
hydroxysuccinate (e.g., 2-hydroxysuccinate), and malate;

1.6.  Any of Compositions 1 or 1.1-1.5, wherein the Composition comprises the venglustat in
the form of a hydrate, solvate, and/or polymorph (such as an anhydrous polymorph);

1.7.  Any of Compositions 1.1-1.6, wherein the venglustat is in solid crystal form (e.g.,
crystalline malate salt Form A of venglustat);

1.8.  Any of Compositions 1.1-1.6, wherein the venglustat is in solid amorphous form,;

1.9.  Composition 1 or any of 1.1-1.8, wherein the Composition is a bulk solid (such as a

powder) for use in the formation of an oral dosage form;

5
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1.12.

1.14.

Composition 1 or any of 1.1-1.8, wherein the Composition is a finished dosage form, e.g.,
a capsule (e.g., a hard capsule) or a tablet (e.g., a chewable tablet, orally-disintegrating
tablet, dispersible tablet, or a classic tablet or caplet), optionally wherein said finished
dosage form comprises from about 2 to about 30 mg of venglustat (measured as the
equivalent amount of free base), e.g. from about 4 mg to about 20 mg, or from about 8
mg to about 12 mg, or about 4 mg, or about 6 mg, or about 8 mg, or about 12 mg, or
about 15 mg of venglustat (measured as the equivalent amount of free base);
Composition 1.10, wherein the dosage form is a classic tablet (e.g., for swallowing), a
chewable tablet, an orally-disintegrating tablet, or a dispersible tablet;

Composition 1 or any of 1.1-1.11, wherein the Composition further comprises one or
more additional pharmaceutically acceptable excipients;

Composition 1.12, wherein the one or more additional pharmaceutically acceptable
excipients comprises one or more of diluent/filler (e.g., cellulose or microcrystalline
cellulose, mannitol, or lactose), binder (e.g., povidone, methylcellulose, ethylcellulose,
hydroxypropyl cellulose (such as low-substituted hydroxypropyl cellulose), or
hydroxypropyl methylcellulose), disintegrant (e.g., crospovidone, sodium starch
glycolate, or croscarmellose sodium), lubricant (e.g., magnesium stearate or sodium
stearyl fumarate), a glidant (e.g., silica or talc), sweetener (e.g., sucralose, acesulfame
potassium, aspartame, saccharine, neotame, or advantame), flavor (e.g., apricot flavor),
and dye or colorant; for example, where the one or more additional pharmaceutically
acceptable excipients comprises one or more of binder, disintegrant, a glidant, sweetener,
flavor, and dye or colorant;

Composition 1.12 or 1.13, wherein the one or more pharmaceutically acceptable
excipients comprises one or more hydrophilic water-soluble or water swellable polymers;
Composition 1.14, wherein the polymer is selected from the group consisting of natural
or modified cellulosic polymers, or any mixture thereof;,

Composition 1 or any of 1.1-1.15, wherein the Composition comprises or consists of (a)
venglustat (e.g., venglustat malate), (b) the diluents/fillers mannitol and/or cellulose (e.g.,
microcrystalline cellulose), (c) the lubricants magnesium stearate and/or sodium steary]
fumarate, (d) the disintegrants croscarmellose sodium and/or crospovidone, (e) the

binders povidone, ethylcellulose, and/or hydroxypropyl cellulose (e.g., low-substituted



WO 2022/018695 PCT/1IB2021/056673

1.20.

hydroxypropyl cellulose), (f) the glidant silica (e.g., colloidal and/or anhydrous silica),
and (g) flavor, sweetener and/or color;

Composition 1.10, or any of 1.12-1.15 when dependent thereon, wherein the Composition
is a capsule (e.g., a hard-walled capsule), comprising or consisting of (a) venglustat (e.g.,
venglustat malate), (b) the diluents/filler cellulose (e.g., microcrystalline cellulose), (c)
the lubricant magnesium stearate, (d) the disintegrant croscarmellose sodium, (e) the
glidant silica (e.g., colloidal and/or anhydrous silica), (f) flavor, sweetener, and/or color
(e.g., titanium dioxide and/or red iron dioxide, such as in the capsule shell), and (g) a
capsule shell (e.g., a gelatin shell);

Composition 1.10, or any of 1.12-1.15 when dependent thereon, wherein the Composition
is a tablet (e.g., a chewable tablet, orally-disintegrating tablet, dispersible tablet, or a
classic tablet or caplet), comprising or consisting of (a) venglustat (e.g., venglustat
malate), (b) the diluents/fillers mannitol and/or cellulose (e.g., microcrystalline cellulose),
(c) the lubricants magnesium stearate and/or sodium stearyl fumarate, (d) the
disintegrants croscarmellose sodium and/or crospovidone, (e) the binders povidone,
ethylcellulose, and/or hydroxypropyl cellulose (e.g., low-substituted hydroxypropyl
cellulose), (f) the glidant silica (e.g., colloidal and/or anhydrous silica), and (g) flavor,
sweetener and/or color;

Composition 1.18, wherein the Composition is a tablet (e.g., a chewable tablet, orally-
disintegrating tablet, dispersible tablet, or a classic tablet or caplet), comprising or
consisting of (a) venglustat (e.g., venglustat malate), (b) the diluent/filler mannitol, (c)
the lubricants magnesium stearate and sodium stearyl fumarate, (d) the disintegrant
crospovidone, (e) the binder hydroxypropyl cellulose (e.g., low-substituted
hydroxypropyl cellulose), (f) the glidant anhydrous colloidal silica, and (g) flavor,
sweetener and/or color;

Any of Compositions 1.12-1.19, wherein any one or more of each said diluent/filler, said
lubricant, and said additional pharmaceutically acceptable excipients are present in an
amount of 0.01 to 80% by weight of the Composition, e.g., 0.1 to 60%, or 0.1 to 40%, or
0.1 to 30%, 0.01 to 15%, or 0.01 to 10%, or 0.1 to 20%, or 0.1 to 15% or 0.1 to 10%, or
0.5 to 10%, or 0.5 to 5%, or 1 to 5%, or 2.5 to 5%, or 1 to 3%, or 0.1 to 1%;
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1.21.

1.22.

1.23.

1.24.

1.25.

Any of Compositions 1.12-1.20, wherein the Composition comprises (a) from 3% to 20%
by weight of venglustat (e.g., venglustat malate), measured as the free base equivalent,
e.g., 5to 15%, or 4 to 8%, or 10 to 20%, or 7.5 to 12.5%, or about 4%, or about 10%, or
about 15%; (b) from 60-95% by weight of diluent(s)/filler(s), e.g., 60-70% or 70-80%, or
65-75%, or 65-70%, or about 68%; (c) from 0.5-5% by weight of lubricant(s), e.g., 1-5%,
or 2-4%, or 2-3%, or about 3%; (d) from 2-15% by weight of disintegrant(s), e.g., 4-12%,
or 6-10%, or 7-9%, or about 8%; (e) from 0-12% by weight of binder(s), e.g., 2-10%, or
2-8%, or 3-7%, or 4-6%, or about 5%; (f) from 0-5% by weight of glidant(s), e.g., 0.15-
4%, or 1-3%, or 1-2%, or about 1%, and (g) from 0-2% by weight of flavor(s), 0-2% by
weight of sweetener(s), and/or 0-2% by weight of color(s), e.g., about 1% each of
flavor(s), sweetener(s), and/or color(s);

Any of Compositions 1.12-1.20, wherein the Composition comprises (a) from 3% to 20%
by weight of venglustat (e.g., venglustat malate), measured as the free base equivalent;
(b) from 60 to 90% by weight of diluent(s)/filler(s), e.g., 60 to 70%,; (c) from 0.5-6% by
weight of lubricant(s), e.g., 2-4%; (d) from 2-15% by weight of disintegrant(s), e.g., 6-
10%; (e) from 1-12% by weight of binder(s), e.g., 2-6%; (f) from 0-5% by weight of
glidant(s), e.g., 0.5-1.5%; and (g) from 0-2% by weight of flavor(s), 0-2% by weight of
sweetener(s) and/or 0-2% by weight of color(s), e.g., about 1% each of flavor(s),
sweetener(s), and/or color(s);

Any of Compositions 1.1-1.16 or 1.18-1.22, wherein the Composition is a tablet
comprising a mixture of venglustat (e.g., venglustat malate), said diluent/filler, said
lubricant, and said one or more additional pharmaceutically acceptable excipients;
Composition 1.23, wherein the tablet is formed by direct compression of a mixture of
venglustat (e.g., venglustat malate), said diluent/filler, said lubricant, and said one or
more additional pharmaceutically acceptable excipients;

Any of Compositions 1.23 or 1.24, wherein the Composition comprises or consists of (a)
from 7.5-12.5% by weight of venglustat (e.g., venglustat malate), measured as the free
base equivalent; (b) from 60 to 90% by weight of mannitol e.g., 60 to 70%; (c) from 0.5-
6% by weight of sodium stearyl fumarate and magnesium stearate, e.g., 2-4%; (d) from 2-
15% by weight of crospovidone, e.g., 6-10%; (e) from 1-12% by weight of
hydroxypropyl cellulose (e.g., low-substituted), e.g., 2-6%; (f) from 0-5% by weight of
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1.26.

1.27.

1.28.

1.29.

1.30.
1.31.

1.32.

anhydrous colloidal silica, e.g., 0.5-1.5%; and (g) from 0-2% by weight of flavor(s), O-
2% by weight of sweetener(s) and/or 0-2% by weight of color(s), e.g., about 1% each of
flavor(s), sweetener(s), and/or color(s);

Composition 1.25, wherein the composition comprises or consists of (a) venglustat
malate in an amount from about 9-11% by weight of venglustat free base equivalent; (b)
from 60 to 75% by weight of mannitol, e.g., 65 to 70%; (c) from 1.5-3% by weight of
sodium stearyl fumarate, e.g. 2-3%, and 0.1-3% magnesium stearate, e.g., 0.1-1% or
0.25-1%; (d) from 3-15% by weight of crospovidone, e.g., 7-9%; (e) from 2-8% by
weight of hydroxypropyl cellulose (e.g., low-substituted), e.g., 4-6%; (f) from 0.1-3% by
weight of anhydrous colloidal silica, e.g., 0.5-1.5%; (g) from 0.5-1.5% by weight of
flavor; and (h) from 0-2% by weight of sweetener;

Any of Compositions 1.12-1.17 or 1.20-1.22, wherein the Composition is a hard-shelled
capsule, e.g., wherein said capsule contains a mixture of venglustat (e.g., venglustat
malate) and the any one or more pharmaceutically acceptable excipients, and said
venglustat and said one or more pharmaceutically acceptable excipients (e.g., other
diluents/carriers) are comprised as granules or pellets, or as a powder, said granules,
pellets or powder being contained within the shell of the capsule;

Any preceding Composition wherein the venglustat is present in (a) a mean particle size
of 5t0 150 um, e.g., 5 to 120 um, 5 to 100 um, 10 to 100 um, 15 to 85 um, 20 to 60 pm,
or 30 to 40 um; and/or (b) a D90 of 120 um or less, e.g., 50 to 100 um, 70 to 90 um, or
60 to 80 um; and/or (c) a D10 of 30 um or less, e.g., 10 to 25 pum, 10 to 20 um or less, or
11 to 14 pm;

Any foregoing Composition, wherein the Composition further comprises an effective
amount of one or more additional therapeutic agents;

Composition 1.29, wherein the additional therapeutic agent is a GCS inhibitor;
Composition 1.29, wherein the additional therapeutic agent is miglustat, eliglustat, or
migalastat;

Any preceding Composition, wherein the ingredients of the Composition are mixed using
a dry-blending (e.g., for tablets) or dry-granulating process (e.g., for capsules, such as by

roller compaction);
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1.33.

1.34.

1.35.

1.36.

1.37.

1.38.

1.39.

1.40.

Any preceding Composition, wherein the Composition is intended to be administered
once daily, or twice daily, or three times daily, or every other day, or every third day;
Any preceding Composition, wherein the Composition is packaged in a blister pack (e.g.,
push-through pack), e.g., a blister pack made of any suitable material (e.g., aluminum
foil, polyvinyl chloride, polyvinylidene chloride, polychlorotrifluoroethylene, cyclic
olefin copolymers, polyethylene, polypropylene, polyethylene terephthalate, or a
combination thereof);

Any preceding Composition, wherein the Composition is packaged in a blister pack made
of aluminum foil;

Any preceding Composition, wherein the Composition is formulated for immediate-
release;

Any preceding Composition, wherein the Composition provides at least 80% dissolution
within 15 minutes (e.g., using FDA and/or EMEA immediate-release solid oral dosage
form testing guidelines), such as in pH 1.2 (HCI), pH 4.5 (acetate buffer), or pH 6.8
(phosphate buffer) dissolution medium, for example 85-100% dissolution, or 95-100%
dissolution;

Any preceding Composition, wherein the Composition provides at least 70% dissolution
within 5 minutes (e.g., using FDA and/or EMEA immediate-release solid oral dosage
form testing guidelines), such as in pH 1.2 (HCI), pH 4.5 (acetate buffer), or pH 6.8
(phosphate buffer) dissolution medium, for example 75-100% dissolution, or 85-100%
dissolution, or 95-100% dissolution;

Any preceding Composition, wherein the Composition is a dosage form appropriate for
pediatric use (e.g., comprising about 4-6 mg of venglustat (e.g., venglustat malate), based
on the equivalent free base amount), such as a tablet of < 8mm in length, width, or
diameter (e.g., 3-7 mm in length, width, or diameter, or 3-5 mm in width or diameter, or
3-4 mm in width);

Any preceding Composition, wherein the composition comprises less than or equal to
0.50% by weight of the Compound A (e.g., as measured by HPLC or UPLC), for
example, less than or equal to 0.20% by weight or less than or equal to 0.10% by weight
of Compound A;

10
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1.41.

1.42.

1.43.

1.44.

1.45.

1.46.

1.47.

1.48.

Any preceding Composition, wherein the composition comprises from 0.001 to 0.10% by
weight, or from 0.01 to 0.10% by weight, of Compound A (e.g., as measured by HPLC or
UPLCQ);

Any preceding Composition, wherein the composition comprises unspecified degradation
products in an amount of no more than 0.20% by weight individually (e.g., as measured
by HPLC or UPLC), for example in an amount of no more than 0.10% by weight
individually;

Any preceding Composition, wherein the composition comprises no more than 1.5% by
weight of total degradation products collectively (including Compound A).

Any preceding Composition, wherein the composition is chemically and/or physically
stable for a period of at least 6 months, or 12 months, or 18 months, 24 months, or 36
months, for example, based on HPLC or UPLC assay to monitor the formation of
Compound A and unspecified degradation products.

A Composition according to Composition 1.44, where the composition comprises less
than or equal to 0.50% by weight, such as less than or equal to 0.20% by weight, or less
than or equal to 0.10% by weight, of the Compound A (e.g., as measured by HPLC or
UPLC) for a period of at least 6 months, or 12 months, or 18 months, 24 months, or 36
months (for example, when stored at 30 °C and 65% relative humidity);

Any preceding Composition, except for Compositions 1.17 or 1.27, wherein the
Composition is a chewable tablet (e.g., a tablet with a chewing difficulty index of less
than 0.6 Nm, or less than 0.5 Nm, or less than 0.4 Nm, or less than 0.2 Nm), e.g., as
described in Gupta et al., “An index for evaluating difficulty of Chewing Index for
chewable tablets” Drug Develop. & Indus. Pharmacy, 41:2, 239-243 (2015), optionally
wherein the chewable tablet may also be swallowed whole (e.g., as for a classic tablet);
Composition 1.46, wherein the Composition is a chewable tablet having about 4 mg or
about 6 mg of venglustat (e.g., venglustat malate), based on the equivalent free base
amount, and a chewing difficulty index of less than 0.2 Nm; or

Composition 1.46, wherein the Composition is a chewable tablet having about 15 mg of
venglustat (e.g., venglustat malate), based on the equivalent free base amount, and a

chewing difficulty index of less than 0.5 Nm.
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[0014] In some embodiments, binders may include one or more of hydroxypropyl cellulose,
hydroxypropyl methylcellulose, ethyl cellulose, methylcellulose, polyvinyl pyrrolidone
(povidone), cross-linked polyvinylpyrrolidone (crospovidone), polyvinyl alcohol, gum arabic
powder, gelatin, pullulan, and the like.

[0015] In some embodiments, disintegrants may include one or more of carmellose calcium,
croscarmellose sodium, sodium starch glycolate, cross-linked polyvinylpyrrolidone
(crospovidone), hydroxypropyl cellulose, powdered agar, and the like.

[0016] In some embodiments, the pharmaceutical compositions of the present disclosure further
comprise an appropriate amount of a flavor, a lubricant, a coloring agent, and the like, or various
additives which are commonly used for preparing a galenic formulation. For capsule dosage
forms, any of such additives may be comprised in the capsule shell, or within the capsule, or
both. If comprised within the capsule, such additives may be incorporated within the granules,
pellets, or powder material which comprises the venglustat, or such additives may be comprised
in granules, pellets, or powder material separate from the granules, pellets, or powder comprising
the venglustat.

[0017] In some embodiments, lubricants may include magnesium stearate, calcium stearate,
sucrose fatty acid ester, polyethylene glycol, talc, stearic acid, sodium stearyl fumarate, and the
like. In some embodiments, coloring agents may include the food colors such as food yellow no.
5, food red no. 2, food blue no. 2, food lake colors, titanium dioxide, iron sesquioxide, and the
like.

[0018] Tablets may be round, square, rectangular, spherical, oblong, oblate, oval, or any other
suitable shape, including capsule-shaped (i.e., caplets). Tablets may optionally be scored for
easier cutting, and may optionally be engraved.

[0019] Hard-shelled capsules are two-piece gel encapsulations of solid material. The capsule
shell consists of two halves, an outer half and an inner half, which when joined and sealed form a
secure enclosure for the solid material contained therein. The active pharmaceutical ingredient,
e.g., the venglustat, may be comprised as a powder, or as one or more granules or pellets within
the capsule. Such granules or pellets may be manufactured by any suitable means, including

roller compaction.
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[0020] When packaged as active pharmaceutical ingredient (API), compositions of the present
disclosure are typically provided as powders (either fine or coarse) and packaged into sterile
containers, such as bags or drums.

[0021] In some embodiments, coloring agents may be used to introduce a uniformity of
appearance to the product and/or to protect any light-sensitive ingredients. Suitable coloring
agents include all pigments, dyes, and lakes approved by the U.S. Food and Drug Administration
(e.g., FD&C colorants), including but not limited to FD&C Yellow #6, FD&C Blue #1, FD&C
Red #3, black iron oxide, red iron oxide, titanium dioxide, or any combination thereof. For
capsules, coloring agents may be included within the capsule shell, within the capsule fill, or
both.

[0022] In some embodiments, sweeteners may be used to mask unpleasant taste or to achieve a
desired taste. Examples of sweetening agents are glucose, sorbitol, glycerol, sucralose,
acesulfame potassium, aspartame, neotame, advantame, saccharin, and neohesperidin
dihydrochalcon. The taste may be optimized further by the addition of one or more flavoring
substances. Suitable flavoring substances are fruit flavors such as cherry, raspberry, black
currant, lemon, apricot, or strawberry flavor or other flavors such as liquorice, anise, peppermint,
caramel, and tutt1 frutti.

[0023] The compositions of the present disclosure can be prepared by dry granulating venglustat,
in free base or pharmaceutically acceptable salt form, and one or more pharmaceutically
acceptable excipients, for example, a binder (a disintegrant may be further contained), using a
machine such as a roller compactor; blending a disintegrant (a lubricant may be further
contained) to the granules; and then subjecting to encapsulation to form capsules or compression
to form tablets.

[0024] Suitable forms of venglustat include the free base form, including amorphous solid
dispersions thereof, pharmaceutically acceptable salt forms, including crystal forms thereof, and
pharmaceutically acceptable co-crystal forms. Unless otherwise indicated, the term
“pharmaceutically acceptable salt” includes acid addition salts between venglustat and any
pharmaceutically acceptable acid (e.g., Bronsted acid) in any molar ratio permitted by the
structure of the acid. In some embodiments, the salt is a crystalline solid (e.g., a salt crystal). In
an embodiment, the crystalline salt form of venglustat is crystalline malate salt Form A as

disclosed in, e.g., US 2016/0039805 (the content of which is hereby incorporated by reference in
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its entirety), with particular reference being made to paragraphs [0005] to [0010] and Figure 1 of
that document.
[0025] In a second aspect, the present disclosure provides a process (Process 1) for the
manufacture of Composition 1, or any of 1.1-1.48, wherein the process comprises the steps of:
(a) sieving each ingredient (e.g., separately);
(b) combining venglustat, in free base or pharmaceutically acceptable salt form (e.g.,
malate salt form), with a diluent/filler (e.g., mannitol), and optionally with a glidant
(e.g., silica), a lubricant (e.g., sodium stearyl fumarate), any colors or flavors, or any
other excipients, or a combination thereof;
(c) blending and/or milling and/or granulating (e.g., dry granulating) the resulting the
mixture;
(d) optionally filtering (e.g., screening) the resulting mixture;
(e) adding at least one other diluent or carrier to the mixture, such as additional
diluent/filler (e.g., mannitol), a disintegrant (e.g., crospovidone), a binder (e.g.,
hydroxypropyl cellulose), a lubricant (e.g., sodium stearyl fumarate), or any other
excipient, or a combination thereof, wherein, if a lubricant (e.g., sodium stearyl
fumarate) is not combined with the venglustat and the diluent/filler in step (b), a
lubricant (e.g., magnesium stearate) is added to the mixture;
(f) blending and/or milling and/or granulating (e.g., dry granulating) the resulting
mixture;
() optionally filtering (e.g., screening) the resulting mixture;
(h) adding a lubricant (e.g., magnesium stearate) and any additional excipients;
(1) blending and/or milling the resulting mixture;
(j) optionally granulating (e.g., dry granulating) the resulting mixture;
(k) optionally filtering (e.g., screening) the resulting mixture;
(1) encapsulating the resulting material, e.g., into hard-walled capsules; or
compressing the resulting material, e.g., to form a tablet;
(m) optionally applying one or more coatings to the capsule, tablet, or other dosage
form; and
(n) optionally packaging the resulting finished dosage form, e.g., into aluminum foil

blister packs.
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[0026] In some embodiments, steps (1), (j), and/or (k) may be repeated for any additional
excipients added in step (h) as necessary before proceeding to steps (1), (m), or (n).
[0027] The lubricant added in either of step (b) or step (e) may be the same or different to the
lubricant added in step (h). In embodiments, a lubricant is combined with the venglustat and the
diluent/filler in step (b).
[0028] In some embodiments, when the composition is a solid tablet, a lubricant is added in step
(b) (e.g., sodium stearyl fumarate) and is different to the lubricant added in step (h) (e.g.,
magnesium stearate). Preferably, when the composition is a solid tablet, if magnesium stearate is
added as a second lubricant, this lubricant should be added as the final excipient added before
final mixing and compression to form the tablet. In some embodiments, when the composition is
a capsule, a lubricant is added in step (e) (e.g., a first portion of magnesium stearate) and is the
same as the lubricant added in step (h) (e.g., a remaining portion of magnesium stearate).
[0029] In some embodiments, the process comprises the following steps:
(a) sieving one or more ingredients (e.g., separately), for example, all ingredients, or
only some ingredients (e.g., sieving half of the amount of microcrystalline cellulose,
silica, and lubricant (magnesium stearate and/or sodium stearyl fumarate));
(b) combining venglustat malate with microcrystalline cellulose (a first portion),
sucralose (if any), flavor (if any), and croscarmellose sodium, optionally wherein
these ingredients are not previously sieved;
(c) blending and/or milling and/or granulating (e.g., dry granulating) the resulting the
mixture;
(d) optionally sieving the resulting mixture;
(e) adding microcrystalline cellulose (second portion), silica, and a first portion of
lubricant (magnesium stearate and/or sodium stearyl fumarate, e.g., a first portion of
magnesium stearate, such as 15-50% by weight, or 20-30% by weight, of the total
magnesium stearate lubricant added) to the mixture from step (c), optionally wherein
these added ingredients are previously sieved from step (a);
(f) blending and/or milling and/or granulating (e.g., dry granulating) the resulting
mixture;
(h) sieving the remaining portion of lubricant (e.g., magnesium stearate and/or

sodium stearyl fumarate, such as a remaining portion of magnesium stearate — for
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instance, 50-85% by weight, or 70-80% by weight, of the total magnesium stearate
lubricant added), and/or adding it to the mixture from step (f);
(1-7) blending and/or milling and/or granulating (e.g., dry granulating) the resulting
mixture;
(1) filling the resulting material into hard capsules (e.g., size 3 capsules); and
(n) optionally packaging the resulting finished dosage form, e.g., into polymer film
blister packs (e.g., polypropylene, polyvinyl chloride, polyethylene terephthalate,
and/or polychlorotrifluoroethylene).
[0030] In some embodiments, the process comprises the following steps:
(a) sieving each of mannitol (a first portion thereof), silica, venglustat malate,
sucralose (if any), flavor, and sodium stearyl fumarate (e.g., separately);
(b) combining the venglustat malate with the sieved mannitol, silica, sucralose (if
any), flavor, and sodium stearyl fumarate (e.g., in amount to provide a composition
comprising from 2-3% by weight sodium stearyl fumarate), optionally wherein
each ingredient is sieved sequentially into a common container (e.g., tank or bag) to
combine the ingredients;
(c) blending and/or milling and/or granulating (e.g., dry granulating) the resulting
mixture;
(e) sieving mannitol (second portion), low-substituted hydroxypropyl cellulose, and
crospovidone, and adding these sieved ingredients to the mixture from step (c);
(f) blending and/or milling and/or granulating (e.g., dry granulating) the resulting
mixture;
(h) sieving magnesium stearate and adding it to the mixture from step (f) (e.g., in an
amount to provide a composition comprising 0.1-1% by weight of magnesium
stearate);
(1-7) blending and/or milling and/or granulating (e.g., dry granulating) the resulting
mixture;
(1) compressing the resulting material to form a tablet; and
(n) optionally packaging the resulting finished dosage form, e.g., into aluminum

foil blister packs.
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[0031] In some embodiments, the process optionally further includes one or more dry
granulation steps (e.g., roller compaction or slugging) which serve to increase the size of solid
particles from powder-scale to granule-scale. In some embodiments, one or more blending steps
may further include running the blend through a roller compactor, and optionally then milling the
roller compacter ribbons. In some embodiments, any dry granulation step may be followed by a
blending step to blend the resulting granules with one or more other excipients (e.g., lubricant).
[0032] In a third aspect, the present invention provides a composition prepared, or preparable, by
Process 1, or any embodiments thereof, as described herein.

[0033] In a fourth aspect, the present disclosure provides a method (Method 1) for the treatment
or prevention of a disease or disorder susceptible to treatment by GCS inhibition, comprising
administering to a patient in need thereof an effective amount of Pharmaceutical Composition 1
or any of 1.1-1.48.

[0034] In a fifth aspect, the present disclosure provides a pharmaceutical composition, e.g.,
Composition 1 or any of 1.1-1.48, for use in the treatment or prevention of a disease or disorder
susceptible to treatment by GCS inhibition.

[0035] In some embodiments, said disease or disorder susceptible to treatment by GCS
inhibition is a lysosomal storage disease, e.g., Gaucher disease type 2 or type 3. In some
embodiments, said disease or disorder is selected from polycystic kidney disease (PKD),
especially autosomal dominant polycystic kidney disease (ADPKD), Gaucher disease, Fabry
disease, Alzheimer’s disease, Parkinson’s disease, Bardet-Biedl Syndrome, Joubert syndrome,
GM2, GM3, or any other disease or disorder as disclosed in any of US 2014/0255381, US
2015/0210681, US 2016/0039806, US 2016/0361301, US 2018/0036295, PCT/US2020/016588
(published as WO 2020/163337), PCT/US2020/016440 (published as WO 2020/163244), and
PCT/US2020/016441 (published as WO 2020/163245), the contents of each of which are hereby
incorporated by reference in their entireties.

[0036] The words "treatment" and "treating" are to be understood accordingly as embracing
prophylaxis and treatment or amelioration of symptoms of disease and/or treatment of the cause
of the disease. In particular embodiments, the words “treatment” and “treating” refer to
prophylaxis or amelioration of symptoms of the disease.

[0037] The term "patient" may include a human or non-human patient.
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[0038] Methods of synthesizing venglustat and its salts and polymorphs are known in art, and
include the methods disclosed in US 2016/0039805, US 2014/0255381, US 2015/0210681, US
2016/0039806, US 2016/0361301, and US 2018/0036295, the contents of each of which are
hereby incorporated by reference in their entireties.

[0039] Isolation or purification of the diastereomers of the Compounds of the Invention may be
achieved by conventional methods known in the art, e.g., column purification, preparative thin
layer chromatography, preparative HPLC, crystallization, trituration, simulated moving beds, and
the like.

[0040] The pharmaceutically acceptable salts of venglustat can be synthesized from the free base
compound, which contains basic moieties, by reaction with a suitable acid, by conventional
chemical methods. Generally, such salts can be prepared by reacting the free base forms of these
compounds with a stoichiometric amount of the appropriate acid in water, or in an organic
solvent, or in a mixture of the two; generally, non-aqueous media like ether, ethyl acetate,
ethanol, isopropanol, or acetonitrile are preferred.

[0041] Dosages employed in practicing the present disclosure will of course vary depending,
e.g., on the particular disease or condition to be treated, the particular active compounds used,
the mode of administration, the age of the patient (e.g., adult versus pediatric), the ability of the
patient to swallow an oral dosage form, and the therapy desired. Unless otherwise indicated, an
amount of an active compound for administration (whether administered as a free base or as a
salt form) refers to or 1s based on the amount of the compound in free base form.

[0042] For the avoidance of doubt, any disclosure of a numerical range, e.g., “up to X~ amount
is intended to include the upper numerical limit X. Therefore, a disclosure of “up to 60 mg”
includes 60 mg. Analogously, any disclosure of a numerical range is also intended to include the
lower numerical limit, e.g., “from A to”, or “at least A”. Therefore, a disclosure of “from 5 mg to
50 mg” or “at least 5 mg” includes 5 mg.

[0043] Unless defined otherwise, all technical and scientific terms used herein have the same
meanings as commonly understood by one of ordinary skill in the art to which this disclosure
belongs. Although any methods and materials similar or equivalent to those described herein can
be used in the practice or testing of the present invention, exemplary methods, devices, and

materials are now described. All technical and patent publications cited herein are incorporated
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herein by reference in their entirety. Nothing herein is to be construed as an admission that the
invention is not entitled to antedate such disclosure by virtue of prior invention.

[0044] All numerical designations, e.g., pH, temperature, time, concentration, and molecular
weight, including ranges, are approximations which are varied ( +) or (-) by increments of 0.1
or 1.0, where appropriate. It is to be understood, although not always explicitly stated, that all
numerical designations are preceded by the term “about”. The term “about” in connection with
any numerical value designates a variability about that value within the conventional range. For
example, the numerical value may vary by £10%, £5%, +1.0%, or +0.5%. It also is to be
understood, although not always explicitly stated, that the reagents described herein are merely
exemplary and that equivalents of such are known in the art.

[0045] As used herein, where a quantity of a substance is described in terms of a %, this is
intended to refer to “% by weight”, unless otherwise indicated.

[0046] As used herein, the phrase “in the treatment or prevention of” (such as in the phrase “in
the treatment or prevention of pain”) is meant to be equivalent to the phrase “in a method of
treating or preventing” (such as in the phrase “in a method of treating or preventing pain”).
[0047] As used in the specification and claims, the singular form “a”, “an”, and “the” include
plural references unless the context clearly dictates otherwise. For example, the term “a cell”
includes a plurality of cells, including mixtures thereof. Unless specifically stated or obvious
from context, as used herein, the term “or” 1s understood to be inclusive. The term “including” 1s
used herein to mean, and is used interchangeably with, the phrase “including but not limited to.”
[0048] As used herein, the term “comprising” or “comprises” is intended to mean that the
compositions and methods include the recited elements, but not excluding others. “Consisting
essentially of” when used to define compositions and methods, shall mean excluding other
elements of any essential significance to the combination for the stated purpose. Thus, a
composition consisting essentially of the elements as defined herein would not exclude trace
contaminants from the isolation and purification method and pharmaceutically acceptable
carriers, such as phosphate buffered saline, preservatives, and the like. “Consisting of” shall
mean excluding more than trace elements of other ingredients and substantial method steps for
administering the compositions of this invention or process steps to produce a composition or

achieve an intended result. Embodiments defined by each of these transition terms are within the
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scope of this invention. Use of the term “comprising” herein is intended to encompass and
disclose “consisting essentially of” and “consisting of.”

[0049] The terms “subject”, “individual” and “patient” are used interchangeably herein, and
refer to a vertebrate, such as a mammal. Mammals include, but are not limited to, murines, rats,
rabbit, simians, bovines, ovine, porcine, canines, felines, farm animals, sport animals, pets,
equines, primates, and humans. In one embodiment, the mammals include horses, dogs, and cats.
In one embodiment, the mammal is a human.

[0050] “Treating” or “treatment” of a disease includes: (1) inhibiting the disease, i.e., arresting
or reducing the development of the disease or its clinical symptoms; and/or (2) relieving the
disease, 1.e., causing regression of the disease or its clinical symptoms.

[0051] “Preventing” or “prevention” of a disease includes causing the clinical symptoms of the
disease not to develop in a patient that may be predisposed to the disease but does not yet
experience or display symptoms of the disease.

[0052] The term “suffering” as it relates to the term “treatment” refers to a patient or individual
who has been diagnosed with the disease. The term “suffering” as it relates to the term
“prevention” refers to a patient or individual who is predisposed to the disease. A patient may
also be referred to being “at risk of suffering” from a disease because of a history of disease in
their family lineage or because of the presence of genetic mutations associated with the disease.
A patient at risk of a disease has not yet developed all or some of the characteristic pathologies
of the disease.

[0053] An “effective amount” or “therapeutically effective amount” is an amount sufficient to
effect beneficial or desired results. An effective amount can be administered in one or more
administrations, applications, or dosages. Consistent with this definition, as used herein, the term
“therapeutically effective amount” is an amount sufficient to treat (e.g., improve) one or more
symptoms associated with a disease or disorder disclosed herein.

[0054] As used herein, the term “pharmaceutically acceptable excipient” encompasses any of the
standard pharmaceutical excipients, including diluents and carriers, to enable the venglustat, in
free base form or a pharmaceutically acceptable salt form (e.g., malate), to be formulated for use
in a medicinal preparation.

[0055] As used herein, the term “pharmaceutically acceptable salt” means a pharmaceutically

acceptable acid addition salt or a pharmaceutically acceptable base addition salt of a currently
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disclosed compound that may be administered without any resultant substantial undesirable
biological effect(s) or any resultant deleterious interaction(s) with any other component of a
pharmaceutical composition in which it may be contained.

[0056] Venglustat is a chiral (e.g., optically active) compound having the (S) stereochemical
orientation. Preferably, the (.S)- isomer is present in an enantiomeric excess of at least about 5%,
10%, 25%, 40%, 70%, 80%, 90%, 95%, 97%, 98% or 99%, e.g., about 100%.

[0057] As used herein throughout, unless provided otherwise, the word “venglustat” means
venglustat in free base form or in any pharmaceutically acceptable salt form.

[0058] Isotopically-labeled compounds are also within the scope of the present disclosure. As
used herein, an “isotopically-labeled compound” refers to venglustat, including pharmaceutical
salts thereof, as described herein, in which one or more atoms are replaced by an atom having an
atomic mass or mass number different from the atomic mass or mass number usually found in
nature. Examples of isotopes that can be incorporated into compounds presently disclosed
include isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorous, fluorine, and chlorine,
such as 2H, *H, 1*C, MC, PN, 180, 770, 'p, 2P, S, 8F, and **C], respectively.

[0059] The reference works, patents, patent applications, and scientific literature, and other
printed publications that are mentioned or referred to herein are hereby incorporated by reference
in their entirety.

[0060] As those skilled in the art will appreciate, numerous changes and modifications may be
made to the preferred embodiments of the invention without departing from the spirit of the

invention. It is intended that all such variations fall within the scope of the invention.

EXAMPLES

[0061] Venglustat and its salt forms, including venglustat malate, may be prepared according to
the procedures described in WO 2012/129084, WO 2014/151291, WO 2014/152215, U.S.
9,126,993, U.S. 9,518,049, U.S. 9,682,975, U.S. 10,065,949, and U.S. 10,604,518, the contents
of each of which are hereby incorporated by reference in their entireties. In particular, reference
may be made to the preparation of crystalline venglustat malate Form A as described in, e.g.,
Examples 1 and 2 of U.S. 9,518,049.

[0062] Example 1: Traditional Capsule and Tablet Formulations
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[0063] Venglustat malate is a BCS class 1 drug substance. In its crystalline Form A it is highly
soluble in water (> 50 mg/mL) and in aqueous buffers at pH from 1.2 to 6.8 (at least 10 mg/mL).
It was desired to formulate an immediate-release solid oral dosage form. An improved dry-
granulation manufacturing process was developed for preparing 4 and 15 mg hard-walled

capsules, and 4, 6, and 15 mg tablets.

[0064] Development of Hard capsules

[0065] Initial batches of hard capsules were prepared based on the following formulation:

Capsule Formulation A
Ingredient 4 mg Capsule (Wt. %) 15 mg Capsule (Wt. %)
Venglustat Malate 5.4% (5.38 mg) 20.2% (20.16 mg)
Microcrystalline Q.S. (~90%) Q.S. (~76%)
cellulose (diluent)
Croscarmellose sodium | 3.0% 3.0%
(disintegrant)
Colloidal silica (glidant) | 0.2% 0.2%
Sodium stearyl fumarate | 1.0% 1.0%
(lubricant)
Capsule Fill Mass 100 mg 100 mg
Capsule Size #3 #3

[0066] Capsule Formulation A was prepared by following the following steps: (a) all
components are individually sieved with a 1.2 mm screen mesh; (b) approximately half of the
microcrystalline cellulose, the venglustat malate, and the croscarmellose sodium are combined
and blended for 10 minutes at 10 rpm in a tumble blender; (c) the remaining microcrystalline
cellulose, the silica, and approximately half of the sodium stearyl fumarate are added to the blend
from step (b) and the mixture is tumble blended for 15 minutes at 10 rpm; (d) the mixture from
step (c) is passed through a roller compacter with rotative integrated milling; (e) the remaining
sodium stearyl fumarate is added to the granulate blend from step (d) and the mixture is tumble
blended for 5 minutes at 10 rpm; and (f) the mixture s filled into size 3 opaque hard capsules to

a fill weight of 100 mg per capsule.
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[0067] Capsule Formulation A was found to be physically and chemically stable and to meet all
other specifications. In filling the hard-shell capsules with the blended final drug substance, it
was however observed that some degree of undesirable sticking of the blend to the capsule filling
machinery occurs. Therefore, an improved Capsule Formulation B was developed, according to

the following formulation:

Capsule Formulation B

Ingredient 15 mg Capsule (Wt. %)
Venglustat Malate 12.2% (20.16 mg)
Microcrystalline Q.S. (~83%)
cellulose (diluent)

Croscarmellose sodium | 3.0%
(disintegrant)

Colloidal silica (glidant) | 0.2%

Magnesium stearate 2.0%

(lubricant)

Capsule Fill Mass 165 mg

Capsule Size #3

[0068] Capsule Formulation B was prepared according to the following steps: (a) approximately
half of the microcrystalline cellulose, the venglustat malate, and the croscarmellose sodium are
combined and blended for 10 minutes in a tumble blender at 10 rpm; (b) the resulting mixture 1s
sieved 1n a rotating mill with a 1.2 mm screen; (c) the remaining microcrystalline cellulose, the
silica, and approximately half of the magnesium stearate are sieved in a rotating mill witha 1.2
mm screen, and are then added to the blend from step (b); (d) the resulting mixture is tumble
blended for 15 minutes at 10 rpm; (e) the mixture from step (d) is passed through a roller
compacter with rotative integrated milling; (f) the remaining magnesium stearate is sieved with a
1.0 mm screen and is then added to the granulate blend from step (e) and the mixture is tumble
blended for 5 minutes at 10 rpm; and (g) the mixture s filled into size 3 opaque hard capsules to

a fill weight of 165 mg per capsule.
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[0069] This improved formulation used 2.0% magnesium stearate as the lubricant, instead of
1.0% sodium stearyl fumarate, and used a larger total fill mass per capsule, with a
correspondingly lower concentration of active ingredient and a higher concentration of diluent.
[0070] The dissolution profiles of 15 mg capsules according to Capsule Formulations A and B
were compared under standard conditions (500 mL medium; stirred at SO rpm for 60 minutes at
37 °C using a paddle apparatus). Three dissolution media were used: (1) aqueous HCl at pH 1.2;
(2) aqueous acetate buffer at pH 4.5; and (3) aqueous phosphate buffer at pH 6.8. The percent
dissolution results from O to 50 minutes are shown in the tables below (mean, n=12, %

dissolved):

Aqueous HCl (pH 1.2)
Time 5 10 15 20 25 30 35 40 |45 50 |55 |60

(min):
A 83.6 [ 866 | 8.8 |90.6 |920 [93.1 |941 |950|958 (964|97.0|974
B 852 [ 882 |90.5 |92.0 |932 [940 |948 |954 958 [962]|96.6|969

Aqueous Acetate (pH 4.5)
Time 5 10 15 20 25 30 35 40 45 50 55 60

(min):
A 922 943 | 958 | 967 (975 |98.1 | 987 (992|995 (999|100 (100
B 82.6 [ 883 |90.6 |921 |933 (842 |950 |956|962 (967|971 |97.6

Aqueous Phosphate (pH 6.8)
Time 5 10 15 20 25 30 35 40 45 50 55 60

(min):
A 833 (874 |84 |909 |922 [932 |[941 |949 955 (960965970
B 83.8 895 | 913 | 926 |93.6 [943 | 949 |954 959 [963|96.6|969

[0071] Development of Tablets

[0072] The requirements for a tablet were as follows: physical and chemical stability (i.e.,
compatibility between the ingredients), suitability for direct compression tabletting, adherence to
U.S. FDA requirements for chewability, palatability, fast disintegration (suitable as an immediate

release drug substance), suitable resistance to crushing, and suitable friability.
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[0073] Tablet development proceeded based upon the following selected excipients:

[0074] A variety of formulations were prepared which combine selections of the above

Diluent/Fillers

Mannitol (Pearlitol 100SD or Parteck M100)
Microcrystalline cellulose (Avicel PH102)

Lubricants

Sodium stearyl fumarate (Pruv)

Magnesium stearate (Hyqual)

Disintegrants

Croscarmellose sodium (Ac-Di-Sol)
Crospovidone Type A (Kollidon CL)
Crospovidone Type B (Polyplasdone XL)
Crospovidone Type C (Polyplasdone XL-10)

Binders

Povidone K25 (Kollidon 25)

Ethyl cellulose (Aqualon T10)

Low-sub Hydroxypropyl cellulose (“L-HPC”;
NBD22)

Glidant

Colloidal amorphous silica (HDK N20 Pharma)

Sweetener

Sucralose
Sweet Modulator (mix containing potassium

acesulfam E950 (46.7%) and natural flavor)

Flavor

Apricot

excipients (at least one from each category) in various ratios. Among the formulations tested

were the following (all values are in weight % and are given to O or 1 decimal places):

Number: | 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Venglustat 13 13 13 13 13 13 13 13 13 13 13 13 13 13
malate
Pearlitol 65 65 72 |70 |72 |74 70 |70
Parteck 72 |70 70 |60 |74 |70
Avicel 10
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Ac-Di-Sol 8
Kollidon CL 8 8 8 8 8 8 8 4 8
Poly. XL 8
Poly. XL-10 8 8 8
Povidone 10 |10 |3 3 3
L-HPC 5 5 5 5 5 5 5 5
Aqualon T10 3
Pruv 25 |25 |25 |25 |25 25 (25 |25 |25 (25 |25 |25 |25
Hyqual 0.8
Silica 1 1 1 1 1 1 1 1 1 1 1 1 1 1

[0075] It was found that microcrystalline cellulose as the diluent tends to result in formulations
with high stickiness. When mannitol is used as the diluent, a good mouthfeel is provided when
the tablet 1s chewed.

[0076] While the use of each of the disintegrants was found to be successful, it was unexpectedly
found that crospovidone type A (Kollidon CL) provides faster disintegration times than the other
disintegrants. It was further found that using 8% crospovidone provides faster disintegration than
4% crospovidone.

[0077] While each of the binders was found to provide an acceptable formulation, it was
unexpectedly found that the use of low-substituted HPC (hydroxypropyl cellulose) allows better
control of overall tablet hardness. The high swelling speed of HPC also assists with rapid
disintegration. In addition, povidone was not retained as it was found that the use of povidone
results in tablets which will progressively harden during aging.

[0078] With respect to the choice of lubricant, the first round of testing suggested that
magnesium stearate (Hyqual) could not be used, and the majority of testing was performed using
sodium stearyl fumarate (Pruv) instead. In contrast to the effective use of magnesium stearate in
the hard-capsule formulations, it was found that tablet batches having magnesium stearate as the
lubricant caused excessive sticking during tabletting.

[0079] However, these initial experiments were conducted with the lubricant added to the
composition in a single first mixing step with the other excipients. Further development of the

formula and manufacturing process unexpectedly revealed that better results could be obtained
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by using sodium stearyl fumarate lubricant in a first mixing step, followed by adding magnesium
stearate lubricant in a later mixing step just prior to tabletting. Unexpectedly, the early
introduction of magnesium stearate was found to interfere with the mixing of the other
excipients. Yet, also unexpectedly, elimination of the sodium stearyl fumarate from the first
mixing step resulted in blends with somewhat poor homogeneity and additional difficulties
during tabletting. It was found that inclusion of both sodium stearyl fumarate in a first mixing
step (“internal phase”) and the inclusion of magnesium stearate in a third or final mixing step
(“external phase”) resulted in the most optimum tabletting process, with high homogeneity of the
mix and minimal sticking during tabletting,

[0080] The table below includes further formulations that were investigated comprising 0%
sodium stearyl fumarate introduced in the internal phase (and also 0% in the external phase) and
different levels of magnesium stearate (0%, 0.5%, and 1% magnesium stearate) introduced in the

external phase, prior to formation into tablets through direct compression.

Number: | 15 16 17
Venglustat malate 13.5 13.4 13.4
Pearlitol
Parteck 69.4 69.1 68.7
Avicel
Ac-Di-Sol
Kollidon CL 8.0 8.0 7.9
Poly. XL
Poly. XL-10
Povidone
L-HPC 5.0 5.0 5.0
Aqualon T10
Pruv
Hyqual 0.5 1.0
Silica 1.0 1.0 1.0
Apricot Flavor powder 1.0 1.0 1.0
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Sucralose powder 2.01 2.0 2.0

[0081] Formulations 15 to 17 were prepared according to the following steps: (a) approximately
half to two thirds of the mannitol, the venglustat malate, the flavor (apricot), and the sweetener
(sucralose) the silica are sieved with a 610 mm screen; (b) the sieved components are combined
and blended in a tumble blender for 14 minutes at 10 rpm; (c) the remaining mannitol, the low-
substituted hydroxypropyl cellulose, and the crospovidone are sieved, and are then added to the
blend from step (b); (d) the resulting mixture is tumble blended for 14 minutes at 10 rpm; (e) the
magnesium stearate (if any) 1s sieved with a 500 mm screen and 1s then added to the blend from
step (d); (f) the mixture is blended in a turbula blender for 5 minutes at 34 rpm; and (g) the mixture
is compressed to form 150 mg tablets (total weight).

[0082] Each of the Formulations 15 to 17 was found to exhibit acceptable flow behaviour, making
them suitable for direct compression using a Fette 1021 rotary tablet press (equipped with 7 mm
punches ("7R7”)), in order to form 15 mg (free base equivalent amount) tablets. However,
Formulation 15 was found to be non-compliant in terms of homogeneity. During tableting of
Formulation 16 (comprising 0.5% magnesium stearate), the ejection force in the tablet press
reached its limit (indicative of sticking) and capping occurred at low compression force.
Appreciably higher ejection forces during tableting were also required during tableting of
Formulation 17 (comprising 1% magnesium stearate) in comparison to a formulation comprising
2.5% sodium stearyl fumarate introduced in the internal phase and 0.5% magnesium stearate
introduced in the external phase. These results highlight the improved performance associated with
the presence of sodium stearyl fumarate introduced in the internal phase, in combination with
magnesium stearate introduced in the external phase.

[0083] The table below includes further formulations that were investigated comprising 2.5%
sodium stearyl fumarate introduced in the internal phase and various levels of magnesium stearate
(0%, 0.5%, and 1% magnesium stearate) additionally introduced in the external phase, prior to

formation into tablets through direct compression.

Number: | 18 19 20
Venglustat malate 13.4 13.4 13.3

Pearlitol
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Parteck 68.1 67.7 67.4
Avicel

Ac-Di-Sol

Kollidon CL 8.0 7.9 8.0
Poly. XL

Poly. XL-10

Povidone

L-HPC 5.0 5.0 5.0
Aqualon T10

Pruv 2.5 2.5 2.5
Hyqual 0.5 1.0
Silica 1.0 1.0 1.0
Apricot Flavor powder 1.0 1.0 1.0
Sweet Modulator* 1.0 1.0 1.0

* mix containing potassium acesulfam E950 (46.7%) and natural flavor.

[0084] Formulations 18 to 20 were prepared according to the following steps: (a) approximately
half to two thirds of the mannitol, the venglustat malate, the flavor (apricot), the sweetener, the
silica, and the sodium stearyl fumarate are sieved with a 610-813 mm screen; (b) the sieved
components are combined and blended in a tumble blender for 14 minutes at 10 rpm; (c) the
remaining mannitol, the low-substituted hydroxypropyl cellulose, and the crospovidone are
sieved, and are then added to the blend from step (b); (d) the resulting mixture is tumble blended
for 14 minutes at 10 rpm; (e) the magnesium stearate 1s sieved with a 500 mm screen and is then
added to the blend from step (d); (f) the mixture is tumble blended for 15 minutes at 10 rpm; and
(g) the mixture is compressed to form 150 mg tablets (total weight).

[0085] Each of the Formulations 18 to 20 was compressed using a Stylcam compaction
simulator (equipped with 7 mm punches ("7R77)) in order to form 15 mg (free base equivalent
amount) tablets. For Formulation 18, the absence of magnesium stearate introduced during the
external phase resulted in much higher ejection forces being required during tableting, whilst the
presence of 0.5% to 1% magnesium stearate introduced in the external phase allows for a

substantial decrease in the ejection forces, as shown in appended Figure 1. Formulations 19 and
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20 also exhibited substantially lower mass variability after tableting in comparison to
Formulation 18. Figure 1 also shows that very similar results are achieved for Formulations 19
and 20 (comprising 0.5% and 1% magnesium stearate introduced in the external phase,
respectively), indicating that the full extent of the benefits associated with the presence of
magnesium stearate may be derived at concentrations of less than 1%.

[0086] The table below includes a yet further formulation that was investigated comprising 1.5%
sodium stearyl fumarate introduced in the internal phase and 0.5% magnesium stearate additionally

introduced in the external phase, prior to formation into a tablet through direct compression.

Number: | 21
Venglustat malate 13.6
Pearlitol
Parteck 67.4
Avicel
Ac-Di-Sol
Kollidon CL 8.0
Poly. XL
Poly. XL-10
Povidone
L-HPC 5.0
Aqualon T10
Pruv 1.5
Hyqual 0.5
Silica 1.0
Apricot Flavor powder | 1.0
Sucralose powder 2.0

[0087] Formulation 21 was prepared according to the following steps: (a) approximately half to
two thirds of the mannitol, the venglustat malate, the flavor (apricot), the sweetener, the silica,
and the sodium stearyl fumarate are sieved with a 610-813 mm screen; (b) the sieved

components are combined and blended in a tumble blender for 14 minutes at 10 rpm; (c) the
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remaining mannitol, the low-substituted hydroxypropyl cellulose, and the crospovidone are
sieved, and are then added to the blend from step (b); (d) the resulting mixture is tumble blended
for 14 minutes at 10 rpm; (e) the magnesium stearate 1s sieved with a 500 mm screen and is then
added to the blend from step (d); (f) the mixture is tumble blended for 5 minutes at 34 rpm; and
(g) the mixture is compressed to form 20 mg tablets (total weight).

[0088] Formulation 21 was compressed using a Fette 1021 rotary press (equipped with 3.2 mm
punches (”3.2R4”)) in order to form 2 mg (free base equivalent amount) tablets, which were
found to have acceptable gjection forces during tableting. However, Formulation 21 was
nevertheless found to require fractionally higher ejection forces during tableting than a
comparable formulation comprising 2.5% sodium stearyl fumarate (as opposed to 1.5%)
introduced in the internal phase and the same amount of magnesium stearate (0.5%) introduced
in the external phase (based on a comparison with normalized values for higher dose tablets).
Thus, the use of a higher sodium stearyl fumarate content (2.5%) introduced in the internal phase
was considered to be optimal in reducing the amount of magnesium stearate required to achieve
acceptable ejection forces during tableting, so as to avoid sticking issues, whilst also avoiding
any unnecessary increases in tablet disintegration times which have been observed upon
increasing magnesium stearate lubrication in the external phase.

[0089] Accordingly, the optimal tablet compositions were found to be:

Tablet Formulation A-1

Ingredient 15 mg (free base
equivalent amount)

Tablet (Wt. %)

Venglustat Malate 13.4% (20.16 mg)
Mannitol Q.S.
Crospovidone (Type A) | 8.0%

Low-sub HPC 5.0%

Colloidal silica 1.0%

Sodium stearyl fumarate | 2.5%

Magnesium stearate 0.5%

Flavor 1.0%
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Sweetener

2.0%

Tablet Weight

150 mg

Tablet Formulation A-2

Ingredient 15 mg (free base
equivalent amount)
Tablet (Wt. %)

Venglustat Malate 13.4% (20.16 mg)

Mannitol Q.S.

Crospovidone (Type A) | 8.0%

Low-sub HPC 5.0%

Colloidal silica 1.0%

Sodium stearyl fumarate | 2.5%

Magnesium stearate 0.5%

Flavor 1.0%

Sweetener 1.0%

Tablet Weight 150 mg

Tablet Formulation A-3

Ingredient 15 mg (free base
equivalent amount)
Tablet (Wt. %)

Venglustat Malate 13.4% (20.16 mg)

Mannitol Q.S.

Crospovidone (Type A) | 8.0%

Low-sub HPC 5.0%

Colloidal silica 1.0%

Sodium stearyl fumarate | 2.5%

Magnesium stearate 0.5%

Flavor 1.0%
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Sweetener 0%

Tablet Weight 150 mg

[0090] Tablet Formulation A (A-1, A-2 and A-3) is prepared according to the following steps:
(a) approximately half to two thirds of the mannitol, the venglustat malate, the flavor (apricot),
the sweetener (sucralose, if any) the silica, and the sodium stearyl fumarate are sieved with a
710-1140 um screen; (b) the sieved components are combined and blended in a tumble blender;
(c) the remaining mannitol, the low-substituted hydroxypropyl cellulose, and the crospovidone
are sieved, and are then added to the blend from step (b); (d) the resulting mixture is tumble
blended for 20 minutes at 7 rpm; (e) the magnesium stearate is sieved with a 500 um screen and
is then added to the blend from step (d); (f) the mixture is tumble blended for 3 minutes at 7 rpm;
and (g) the mixture is compressed to form 150 mg tablets.

[0091] Appropriate amounts of formulation (homothetic in composition) were used as required
for the formation of 4 mg, 6 mg, and 15 mg tablets (free base equivalent amount), corresponding
to total tablet weights of 40 mg, 60 mg, and 150 mg, respectively. 4 mg tablets were round with a
4.5 mm diameter. 6 mg tablets were oblong with a 3.8 x 7 mm dimensions. 15 mg tablets were
round with a 7 mm diameter. Importantly, as all tablets have dimensions smaller than 8 mm, the
tablets will be effective for patients with swallowing difficulties. Because patients with
swallowing difficulty may prefer to chew the tablets, the tablets are each formulated for effective
chewability, including taste, mouthfeel, and hardness. It is found that each of the 4, 6, and 15 mg
tablets have a chewing difficulty index of less than 0.6 Nm, which is considered satisfactory for
this patient population. The 15 mg tablets according to Tablet Formula A have a chewing
difficulty index of less than 0.5 Nm, while the 4 and 6 mg tablets have a chewing difficulty index
of less than 0.2 Nm.

[0092] Dissolution testing was performed as described in the preceding section. The following

results were obtained for the tablet prepared according to Tablet Formulation A-1 (mean, n=12,

% dissolved):
[0093]
Aqueous HCl (pH 1.2)
Time 5 10 15 20 25 30 35 40 45 50 55 60
(min):
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Tab. A-1 [ 993 [983 | 982 [982 |981 |[98.1 [981 |982|982 983|984 |982
Aqueous Acetate (pH 4.5)

Time 5 10 15 20 25 30 35 40 45 50 55 60

(min):

Tab. A-1 | 97.0 [96.0 | 96.0 [96.0 |96.0 | 960 [960 |96.0|96.0 959959959
Aqueous Phosphate (pH 6.8)

Time 5 10 15 20 25 30 35 40 45 50 55 60

(min):

Tab. A-1 | 91.1 [94.1 | 946 [947 |948 [ 947 [950 |951 950950949950

[0094] The results show that tablets according to Tablet Formulation A-1 undergo rapid

dissolution over a broad pH range. The same properties are to be expected for Tablet

Formulations A-2 and A-3. A dissolution study was performed on Tablet Formulation A-3, and

the following results were obtained:

Aqueous HCI (pH 1.2) (n=12)
Time 5 10 15 20 25 30 35 40 45
(min):
Tab. A-3 | 96.0 [ 962 |963 [962 [962 |96.1 [966 |96.7 |96.5
Aqueous Acetate (pH 4.5)
Time 5 10 15 20 25 30 35 40 45 50 55 60
(min):
Tab. A-3 | 967 [ 97.7 | 982 [982 982 [982 (983 |984 983 |982|984|983
Aqueous Phosphate (pH 6.8)
Time 5 10 15 20 25 30 35 40 45 50 55 60
(min):
Tab. A-3 | 946 [ 967 |976 |[97.8 [979 |978 [97.8 |978 978 |97.8 978|978

[0095] Palatability is an important concern for patients who chew their tablets due to swallowing

difficulties. Venglustat malate is a bitter-tasting substance, so it is essential to mask this taste to

ensure patient compliance.
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[0096] Tablets according to Tablet Formulation A-1 containing 2% of sucralose as sweetener
and 1% of apricot flavor were initially developed. A palatability study was then conducted with
the highest strength (15 mg) on 12 healthy adult volunteers. They tested the organoleptic
characteristics of five different chewable tablet formulations of venglustat with different
percentages of apricot flavor (from O to 1%) and sucralose as sweetener (from 1 to 2%)
compared to a control formulation without apricot flavor or sweetener. The results demonstrated
a positive effect for the flavor, with a much more limited impact from the sucralose sweetener
(i.e., comparable taste from 1 to 2% sweetener). Optimal results appeared to be obtained from
including 1% apricot flavor and 1% sucralose (Tablet Formulation A-2).

[0097] An important consideration in formulation development is the chemical stability of the
active ingredient. UPLC analysis is performed using reverse phase gradient elution with a C18
Acquity CSH Waters stationary phase and water/acetonitrile (0.1% v/v TFA) mobile phase at 0.4
mL/min. Satisfactory results require that the major venglustat degradation product, the N-oxide
(compound of Formula A) is present at less than or equal to 0.50% by UPLC, that other
unspecified degradation products amount to no more than 0.20% individually, and that total
degradation products amount to no more than 1.5% collectively (including N-oxide). Analysis of
finished 15 mg tablets indicates that the N-oxide is undetectable, and that no unspecified
degradation product is present at more than 0.10%.

[0098] Stability studies were then conducted on tablets at 4 mg, 6 mg, and 15 mg dosages, with
formulas according to Tablet Formula A-1 having 1 wt.% apricot flavor and 2 wt.% sucralose.
Stability was assessed over up to 18 months at 30 °C and 65% relative humidity, and up to 6
months at 40 °C and 75% relative humidity. Satisfactory results were obtained on all critical
parameters, including UPLC assay (including degradation products), dissolution profile, water
content, disintegration, resistance to crushing/breaking, and microbial examination.

[0099] However, it is surprisingly found that replacement of the sucralose with additional
mannitol diluent (mannitol being a slightly sweet sugar alcohol) provides sufficient palatability
for chewing. Thus, by comparison of the formulas evaluated during the palatability study
described above, it is anticipated that the positive effect resulting from the apricot flavor should

be sufficient to compensate for the absence of sucralose in the formulation.
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The present disclosure also provides compositions, processes for their manufacture, and methods

of treatment according to the following clauses:

1.

10.

An oral pharmaceutical composition, comprising venglustat:

in free base or pharmaceutically acceptable salt form (e.g., in malate salt form).

The composition of clause 1, wherein the composition comprises the venglustat in
pharmaceutically acceptable salt form, e.g., acid addition salt form.

The composition of clause 2, wherein the acid addition salt form is selected from
hydrochloride, hydroxysuccinate, and malate.

The composition of clause 2, wherein the acid addition salt form is malate salt form.

The composition of any one of clauses 1-4, wherein the composition is a finished dosage
form, e.g., a capsule or a tablet, optionally wherein said finished dosage form comprises from
about 2 to about 30 mg of venglustat (measured as the equivalent amount of free base), e.g.
from about 4 mg to about 20 mg, or from about 8 mg to about 12 mg, or about 4 mg, or about
6 mg, or about 8 mg, or about 12 mg, or about 15 mg of venglustat (measured as the
equivalent amount of free base).

The composition of clause 5, wherein the tablet is selected from a chewable tablet, orally-
disintegrating tablet, dispersible tablet, or a classic tablet or caplet.

The composition of clause 6, wherein the tablet comprises from about 4 mg to about 20 mg
of venglustat (measured as the equivalent amount of free base).

The composition of any one of clauses 1-7, wherein the composition further comprises one or
more pharmaceutically acceptable excipients.

The composition of clause 8, wherein the one or more pharmaceutically acceptable
excipients comprises one or more of (a) diluent/filler, (b) binder, (c¢) disintegrant, (d)
lubricant, (e) a glidant, (f) sweetener or (g) flavor, and (h) dye or colorant.

The composition of clause 9, wherein the one or more pharmaceutically acceptable
excipients comprises one or more of (a) diluent/filler selected from cellulose or

microcrystalline cellulose, mannitol, or lactose, (b) binder selected from povidone,
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methylcellulose, ethylcellulose, hydroxypropyl cellulose, low-substituted hydroxypropyl
cellulose, or hydroxypropyl methylcellulose, (c) disintegrant selected from crospovidone,
sodium starch glycolate, or croscarmellose sodium, (d) lubricant selected from magnesium
stearate, sodium stearyl fumarate, (e) a glidant selected from silica or talc, (f) sweetener
selected from sucralose, acesulfame potassium, aspartame, saccharine, neotame, advantame,
or (g) apricot flavor, and (h) dye or colorant.

The composition of any one of clauses 1 to 8, wherein the composition comprises or consists
of (a) venglustat, (b) the diluents/fillers mannitol and/or cellulose, (c) the lubricants
magnesium stearate and/or sodium stearyl fumarate, (d) the disintegrants croscarmellose
sodium and/or crospovidone, (e) the binders povidone, ethylcellulose, and/or hydroxypropyl
cellulose, (f) the glidant silica, and (g) flavor, sweetener and/or color.

The composition of clause 11, wherein the composition is a capsule, comprising or consisting
of (a) venglustat, (b) the diluents/filler cellulose, (c) the lubricant magnesium stearate, (d) the
disintegrant croscarmellose sodium, (e) the glidant silica, (f) flavor, sweetener and/or color,
and (g) a capsule shell.

The composition of clause 11, wherein the composition is a tablet, comprising or consisting
of (a) venglustat, (b) the diluents/fillers mannitol and/or cellulose, (c) the lubricants
magnesium stearate and/or sodium stearyl fumarate, (d) the disintegrants croscarmellose
sodium and/or crospovidone, (e) the binders povidone, ethylcellulose, and/or hydroxypropyl
cellulose, (f) the glidant silica, and (g) flavor, sweetener and/or color.

The composition of any one of clauses 10-13, wherein the cellulose is microcrystalline
cellulose.

The composition of any one of clauses 10-14, wherein the silica is colloidal and/or anhydrous
silica.

The composition of clause 11, wherein the composition is a tablet, comprising or consisting
of (a) venglustat, (b) the diluent/filler mannitol, (c) the lubricants magnesium stearate and
sodium stearyl fumarate, (d) the disintegrant crospovidone, (e) the binder hydroxypropyl
cellulose, (f) the glidant anhydrous colloidal silica, and (g) flavor, sweetener and/or color.
The composition of any one of clauses 10-16, wherein the hydroxypropyl cellulose 1s low-

substituted hydroxypropyl cellulose.
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The composition of any one of clauses 1 to 17, wherein the composition comprises (a) from
3% to 20% by weight of venglustat, measured as the free base equivalent; (b) from 60-90%
by weight of diluent(s)/filler(s); (c) from 0.5-6% by weight of lubricant(s); (d) from 2-15%
by weight of disintegrant(s); (e) from 1-12% by weight of binder(s); (f) from 0-5% by weight
of glidant(s); and (g) from 0-2% by weight of flavor(s), 0-2% by weight of sweetener(s)
and/or 0-2% by weight of color(s).

The composition of any one of clauses 1 to 18, wherein the composition comprises (a) from
3% to 20% by weight of venglustat, measured as the free base equivalent; (b) from 60 to 90%
by weight of diluent(s)/filler(s); (c¢) from 0.5-6% by weight of lubricant(s); (d) from 2-15%
by weight of disintegrant(s); (e) from 1-12% by weight of binder(s); (f) from 0-5% by weight
of glidant(s); and (g) from 0-2% by weight of flavor(s), 0-2% by weight of sweetener(s)
and/or 0-2% by weight of color(s).

The composition of clause 19, wherein the composition comprises (a) 13-20% by weight of
venglustat, measured as the free base equivalent, (b) from 60-70% by weight of
diluent(s)/filler(s); (c) from 2-4% by weight of lubricant(s); (d) from 6-10% by weight of
disintegrant(s); (e) from 2-6% by weight of binder(s); (f) from 0.5-1.5% by weight of
glidant(s); and (g) from 0-2% by weight of flavor(s), 0-2% by weight of sweetener(s) and/or
0-2% by weight of color(s).

The composition of any one of clauses 1 to 19, wherein the composition comprises or
consists of (a) from 7.5 to 12.5% by weight of venglustat, measured as the free base
equivalent; (b) from 60 to 90% by weight of mannitol; (¢) from 0.5-6% by weight of sodium
stearyl fumarate and magnesium stearate; (d) from 2-15% by weight of crospovidone; (e)
from 1-12% by weight of hydroxypropyl cellulose; (f) from 0-5% by weight of anhydrous
colloidal silica; and (g) from 0-2% by weight of flavor(s), 0-2% by weight of sweetener(s)
and/or 0-2% by weight of color(s).

The composition of clause 21, wherein the composition comprises or consists of (a) from 7.5
to 12.5% by weight of venglustat, measured as the free base equivalent; (b) from 60 to 70%
by weight of mannitol; (¢) from 2-4% by weight of sodium stearyl fumarate and magnesium
stearate; (d) from 6-10% by weight of crospovidone; (e) from 2-6% by weight of
hydroxypropyl cellulose; (f) from 0.5-1.5% by weight of anhydrous colloidal silica; and (g)
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from 0-2% by weight of flavor(s), 0-2% by weight of sweetener(s) and/or 0-2% by weight of
color(s).

The composition of any one of clauses 1 to 5, or any of clauses 8 to 12, 14, 15 and 17 to 22,
wherein the composition is a hard-shelled capsule, e.g., wherein said capsule contains a
mixture of venglustat and the any one or more pharmaceutically acceptable excipients, and
said venglustat and other diluents/carriers are comprised as granules or pellets, or as a
powder, said granules, pellets or powder being contained within the shell of the capsule.

The composition of any one of clauses 1 to 11 and 13 to 22, wherein the composition is a
tablet formed by direct compression of a mixture of venglustat and the any one or more
pharmaceutically acceptable excipients.

The composition of any one of clauses 1 to 24, wherein the venglustat is venglustat malate.
The composition of clause 25, wherein the composition comprises or consists of (a)
venglustat malate in an amount from about 9-11% by weight of venglustat free base
equivalent; (b) from 60 to 70% by weight of mannitol; (c) from 2-6% by weight of sodium
stearyl fumarate, and 0.1-3% magnesium stearate; (d) from 5-15% by weight of
crospovidone; (e) from 2-8% by weight of hydroxypropyl cellulose; (f) from 0.1-3% by
weight of anhydrous colloidal silica; (g) from 0.5-3% by weight of flavor; and (h) from 0-2%
by weight of sweetener.

The composition of clause 26, wherein the composition comprises or consists of (a)
venglustat malate in an amount from about 9-11% by weight of venglustat free base
equivalent; (b) from 65 to 70% by weight of mannitol; (¢) from 2-3% by weight of sodium
stearyl fumarate, and 0.1-1% magnesium stearate; (d) from 7-9% by weight of crospovidone;
(e) from 4-6% by weight of low-substituted hydroxypropyl cellulose; (f) from 0.5-1.5% by
weight of anhydrous colloidal silica; (g) from 0.5-3% by weight of flavor; and (h) from 0-2%
by weight of sweetener.

The composition of any one of clauses 1 to 27, wherein the composition is formulated for
immediate-release.

The composition of any one of clauses 1 to 28, wherein the composition provides at least
80% dissolution within 15 minutes (e.g., using FDA and/or EMEA immediate-release solid
oral dosage form testing guidelines), such as in pH 1.2 (HCI), pH 4.5 (acetate buffer) or pH
6.8 (phosphate buffer) dissolution medium, for example 85-100% dissolution.
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The composition of clause 29, wherein the composition provides at 85-100% dissolution
within 15 minutes.

The composition of any one of clauses 1 to 11, 13 to 22 and 24 to 30, wherein the
composition is a chewable tablet.

The composition of clause 31, wherein the chewable tablet has a chewing difficulty index

selected from less than 0.6 Nm, or less than 0.5 Nm, or less than 0.4 Nm, or less than 0.2

A process for the manufacture of the composition according to any one of clauses 1 to 32,

wherein the process comprises the steps of’

(a) sieving each ingredient;

(b) combining venglustat, in free base or pharmaceutically acceptable salt form, with
a diluent/filler, and optionally with a glidant, a lubricant, any colors or flavors, or
any other excipients, or a combination thereof;

(c) blending and/or milling and/or granulating the resulting the mixture;

(d) optionally filtering the resulting mixture;

(e) adding at least one other diluent or carrier to the mixture, such as additional
diluent/filler, a disintegrant, a binder, or any other excipient, or a combination
thereof’;

(f) blending and/or milling and/or granulating the resulting mixture;

(g) optionally filtering the resulting mixture;

(h) adding any additional excipients, e.g., a lubricant;

(1) blending and/or milling the resulting mixture;

(J) granulating the resulting mixture;

(k) optionally filtering the resulting mixture;

(1) encapsulating the resulting material; or compressing the resulting material to form
a tablet;

(m)optionally applying one or more coatings to the capsule, tablet or other dosage
form; and

(n) optionally packaging the resulting finished dosage form.

34. The process according to clause 33, wherein the venglustat is venglustat malate, and the

diluent/filler is mannitol, and the disintegrant is crospovidone, and the binder is
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hydroxypropyl cellulose, and the lubricant is sodium stearyl fumarate and magnesium

stearate, and the glidant is silica.
35. A method for the treatment or prevention of a disease or disorder susceptible to treatment by

GCS inhibition, comprising administering to a patient in need thereof the composition

according to any one of clauses 1 to 32.
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CLAIMS
We claim:

1. A process for the manufacture of an oral pharmaceutical composition comprising

venglustat, (S)-quinuclidin-3-yl 2-(2-(4-fluorophenyl)thiazol-4-yl)propan-2-ylcarbamate:

in free base or pharmaceutically acceptable salt form, wherein the process comprises the steps of:

(a) sieving each ingredient;

(b) combining venglustat, in free base or pharmaceutically acceptable salt form,
with a diluent/filler, and optionally with a lubricant, a glidant, any colors or
flavors, or any other excipients, or a combination thereof;

() blending and/or milling and/or granulating the resulting the mixture;

(d) optionally screening the resulting mixture;

(e) adding at least one other diluent or carrier to the mixture, such as additional
diluent/filler, a disintegrant, a binder, a lubricant, or any other excipient, or a
combination thereof, wherein, if a lubricant is not combined with the venglustat
and the diluent/filler in step (b), a lubricant is added to the mixture;

(f) blending and/or milling and/or granulating the resulting mixture;

(2) optionally screening the resulting mixture;

(h)  adding a lubricant and any additional excipients;

(1) blending and/or milling the resulting mixture;

o granulating the resulting mixture;

(k)  optionally screening the resulting mixture;

D encapsulating the resulting material; or compressing the resulting material to
form a tablet;

(m)  optionally applying one or more coatings to the capsule, tablet, or other dosage

form; and
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(n) optionally packaging the resulting finished dosage form.

2. The process according to claim 1, wherein the venglustat is venglustat malate.

3. The process according to claim 1 or claim 2, wherein steps (1), (j), and/or (k) are repeated

for additional excipients added in step (h) before proceeding to steps (1), (m), or (n).

4. The process according to any one of claims 1 to 3, wherein a lubricant is combined with

the venglustat and the diluent/filler in step (b).

5. The process according to any one of claims 1 to 4, wherein the composition is a solid

tablet, and wherein sodium stearyl fumarate is added as a first lubricant in combining step (b).

6. The process according to any one of claims 1 to 5, wherein the composition is a solid
tablet, and wherein magnesium stearate is added as a second lubricant which is added as the final

excipient added before final mixing and compression to form the tablet.

7. The process according to any one of claims 1 to 6, wherein the diluent/filler is mannitol,
and the disintegrant is crospovidone, and the binder is hydroxypropyl cellulose, and the lubricant

is sodium stearyl fumarate and/or magnesium stearate, and the glidant is silica.

8. The process according to any one of claims 1 to 3, wherein the process comprises the
following steps:

(a) sieving one or more ingredients, for example, all ingredients, or only some
ingredients (e.g., sieving half of the amount of microcrystalline cellulose, and/or
silica), and lubricant (magnesium stearate and/or sodium stearyl fumarate));

(b) combining venglustat malate with microcrystalline cellulose (a first portion),
sucralose (if any), flavor (if any), and croscarmellose sodium, optionally wherein
these ingredients are not previously sieved;

() blending and/or milling and/or granulating the resulting mixture;

(d) optionally sieving the resulting mixture;

(e) adding microcrystalline cellulose (second portion), silica, and a first portion of

lubricant (magnesium stearate and/or sodium stearyl fumarate) to the mixture
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from step (c), optionally wherein these added ingredients are previously sieved
from step (a);

(f) blending and/or milling and/or granulating the resulting mixture;

(h) sieving the remaining portion of lubricant (magnesium stearate and/or sodium
stearyl fumarate), and/or adding it to the mixture from step (f);

(1j)  blending and/or milling and/or granulating the resulting mixture;

M filling the resulting material into hard capsules; and

(n) optionally packaging the resulting finished dosage form.

9. The process according to claim 8, wherein first and remaining portions of magnesium

stearate lubricant are added in steps (e) and (h).

10. The process according to claim 9, wherein the first portion comprises 15-50% by
weight, or 20-30% by weight, of the total magnesium stearate lubricant added, and wherein the
remaining portion comprises 50-85% by weight, or 70-80% by weight, of the total magnesium

stearate lubricant added.

11. The process according to any one of claims 1 to 7, wherein the process comprises the
following steps:

(a) sieving each of mannitol (a first portion thereof), silica, venglustat malate,
sucralose (if any), flavor, and sodium stearyl fumarate;

(b) combining the venglustat malate with the sieved mannitol, silica, sucralose (if
any), flavor, and sodium stearyl fumarate, optionally wherein in each ingredient
is sieved sequentially into a common container to combine the ingredients;

(c) blending and/or milling and/or granulating the resulting mixture;

(e) sieving mannitol (second portion), low-substituted hydroxypropyl cellulose, and
crospovidone, and adding these sieved ingredients to the mixture from step (c);

3} blending and/or milling and/or granulating the resulting mixture;

(h) sieving magnesium stearate and adding it to the mixture from step (f);

(1j)  blending and/or milling and/or granulating the resulting mixture;

M compressing the resulting material to form a tablet; and
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(n) optionally packaging the resulting finished dosage form.

12. The process according to claim 11, wherein sodium stearyl fumarate is combined in step

(b) in an amount to provide 2-3% by weight sodium stearyl fumarate in the tablet.

13. The process according to claim 11 or claim 12, wherein magnesium stearate is added in

step (h) in an amount to provide from 0.1-1% by weight magnesium stearate in the tablet.

14. A composition prepared, or preparable, by the process as defined in any one of the

preceding claims.

15. An oral pharmaceutical composition comprising venglustat, (S)-quinuclidin-3-yl 2-(2-(4-

fluorophenyl)thiazol-4-yl)propan-2-ylcarbamate:

in free base or pharmaceutically acceptable salt form, a diluent/filler, and a lubricant.

16. The composition of claim 15, wherein the composition further comprises one or more
additional pharmaceutically acceptable excipients selected from diluent/filler, binder,

disintegrant, lubricant, a glidant, sweetener or flavor, and dye or colorant.
17. The composition of claim 15 or claim 16, wherein the venglustat is venglustat malate.

18. The composition of any one of claims 15 to 17, wherein the composition is in a finished
dosage form selected from a capsule, or a tablet selected from a chewable tablet, an orally-
disintegrating tablet, a dispersible tablet, or a classic tablet or caplet; optionally wherein said
finished dosage form comprises from about 2 to about 30 mg of venglustat (measured as the

equivalent amount of free base).

19. The composition of claim 18, wherein the finished dosage form is a capsule, comprising

or consisting of (a) venglustat, (b) the diluent/filler cellulose (e.g., microcrystalline cellulose), (c)
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the lubricant magnesium stearate, (d) the disintegrant croscarmellose sodium, (e) the glidant
silica (e.g., colloidal and/or anhydrous silica), (f) flavor, sweetener and/or color, and (g) a

capsule shell.

20. The composition of claim 18, wherein the finished dosage form is a tablet, comprising or
consisting of (a) venglustat, (b) the diluent/filler mannitol, (c) the lubricants magnesium stearate
and sodium stearyl fumarate, (d) the disintegrant crospovidone, (e) the binder hydroxypropyl
cellulose (e.g., low-substituted hydroxypropyl cellulose), (f) the glidant silica (e.g., colloidal

and/or anhydrous silica), and (g) flavor, sweetener, and/or color.

21. The composition of claim 19 or claim 20, wherein the composition comprises (a) from
3% t0 20% (e.g., from 7.5% to 12.5%, or from 13-20%) by weight of venglustat, measured as the
free base equivalent; (b) from 60-90% (e.g., from 60-70%) by weight of diluent(s)/filler(s); (c)
from 0.5-6% (e.g., from 2-4%) by weight of lubricant(s); (d) from 2-15% (e.g., from 6-10%) by
weight of disintegrant(s); (e) from 1-12% (e.g., from 2-6%) by weight of binder(s); (f) from 0-
5% (e.g., from 0.5-1.5%) by weight of glidant(s); and (g) from 0-2% by weight of flavor(s), O-
2% by weight of sweetener(s), and/or 0-2% by weight of color(s).

22. The composition of claim 20, wherein the composition comprises or consists of (a)
venglustat malate in an amount from about 9-11% by weight of venglustat free base equivalent;
(b) from 65 to 70% by weight of mannitol; (c) from 2-3% by weight of sodium stearyl fumarate,
and 0.1-1% magnesium stearate; (d) from 7-9% by weight of crospovidone; (e) from 4-6% by
weight of low-substituted hydroxypropyl cellulose; (f) from 0.5-1.5% by weight of anhydrous
colloidal silica; (g) from 0.5-3% by weight of flavor; and (h) from 0-2% by weight of sweetener.

23. The composition of any one of claims 14 to 22, wherein the composition is formulated

for immediate-release.

24, The composition of any one of claims 14 to 23, wherein the composition provides at least
80% dissolution within 15 minutes (e.g., using FDA and/or EMEA immediate-release solid oral
dosage form testing guidelines), such as in pH 1.2 (HCI), pH 4.5 (acetate buffer), or pH 6.8

(phosphate buffer) dissolution medium, for example 85-100% dissolution.
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25. The composition of any one of claims 14 to 18, and 20 to 24, wherein the composition is
a chewable tablet having a chewing difficulty index selected from less than 0.6 Nm, or less than

0.5 Nm, or less than 0.4 Nm, or less than 0.2 Nm.

26. The composition of any one of claims 14 to 25 for use in the treatment or prevention of a

disease or disorder susceptible to treatment by GCS inhibition in a patient in need thereof.

27. A method for the treatment or prevention of a disease or disorder susceptible to treatment
by GCS inhibition, comprising administering to a patient in need thereof the composition

according to any one of claims 14 to 25.
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