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COMPOSITIONS AND METHODS FOR TREATING DISORDERS AMELIORATED
BY MUSCARINIC RECEPTOR ACTIVATION

16661} This application claims the benefit of priority of United States provisional patent
application Serial No. 62/738,333 filed September 28, 2018, the disclosure of which is
incorporated by reference in its entirety for all purposes.

[3082] The present disclosure relates (o composttions, and their application as
pharmaceuticals for treating disorders ameliorated by activating muscarinic receptors in a
human or animal subject.

[6603] Schizophrenia affects about 0.5 1o 1% of the population. The disease 15 characterized
by a set of symptoms divided into positive symptoms {e.g., hallacinations, delustional
thoughts, efc.}, negative symptoms {e.g., social isolation, anhedonia, etc.), and cognitive
symptoms {e.g., inability to process information, poor working memory, etc.). Patients who
suffer from schizophrenia experience a maor dechine in quality of life and are at increased
risk for mortality due to many factors, such as an increased suicide rate. The cost of
schizophremia to society is high, as sufferers of schizophrenia are much more likely to be
incarcerated, homeless or unemployed.

(6004} Existing treatments for schuzophrenia rely upon dopanune and serotonin receptors, as
was the case with the first antipsychotic, chlorpromazine, discovered in 1952, For more than
60 years, the same fundamental pharmacology has been the standard of care in schizophrenia.
Current antipsychotics are only efficacious toward positive sympioms, leaving negative and
cogritive symptoms untreated. Alzheimer’s disease is another therapeutic area in which it has
proven extremely difficult to develop new therapies, with a success rate of only 0.4% for
molecules that enter clinical development and receive marketing approval. New ireatments
are desperately needed by patients in these areas, but development has been exiremely
difficult despite substantial efforts from scientists and drug developers around the world.
[3385] Activating the muscarinic svstem through muscarinic agonists may treat several
diseases, such as schizophrenia, Alzheimer’s disease, Parkinson’s disease, depression,
movement disorders, drug addiction. pain, and neurodegeneration, such as tauvopathies or
synucleinopathies. Muscarinic cholinergic receptors are G-protein coupled receptors with five
different receptor subtypes (M1-MS5), each of which is found in the UNS with different tissue
distributions. M1 and M4 subtypes have been of interest as therapeutic targets for various
diseases. For instance, the mood stabilizers lithium and valproic acid, used for treating

bipolar depression, may exert their effects via the muscarinic svstem particularly through the
1
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M4 subtype receptor. Genetic evidence directly links the muscarinic system and alcohol
addiction.

[0006] In a double-blind placebo-controlled trial of schizophrenic patients using xanomeline,
a muscarinic cholinergic receptor agonist with preferential activity at the M1 and M4 subtype
receptors, schizophrenia was alleviated. However, because xanomeline also bound to
muscarinic receptors outside the brain, many serious side effects resulted, including GI side
effects, cardiac side effects and hypersalivation. Dose-limited adverse events were
problematic and led to very high discontinuation rates (including a 56% dropout rate in a 26-
week study of Alzheimer’s disease) and eventually to discontinuation of xanomeline
development. Despite the early promise, xanomeline development halted for more than 15
years. Many companies attempted and failed to develop muscarinic receptor agonists for
CNS disorders which avoided these unacceptable side effects, but no such agonist has
reached the market. Past development efforts focused on medicinal chemistry to develop
molecules that would be more tolerable, typically by selecting for the M1 and M4 subtypes
over the M2 and M3 muscarinic receptor subtypes. However, M1 and/or M4 activation
outside the brain may still cause muscarinic related intolerance. Very little progress has been
made to mitigate adverse effects due to the activation of peripheral muscarinic receptors.
[0007] There remains a need in the art for a pharmaceutical composition with increased
tolerability for xanomeline, especially to treat cognitive and psychotic disorders. The
following embodiments and aspects thereof are described and illustrated with compositions
and methods, which are meant to be exemplary and illustrative, not limiting in scope. In
various embodiments, one or more of the above-described problems have been reduced or
eliminated, while other embodiments are directed to other improvements.

[0008] Provided herein is an oral pharmaceutical composition, comprising a plurality of
xanomeline beads comprising xanomeline or a salt thereof; and a plurality of trospium beads
comprising a salt of trospium.

[0009] In certain embodiments, the size of the xanomeline beads is between 0.425 mm and
1.18 mm. In certain embodiments, the size of the xanomeline beads is between 0.6 mm and
0.85 mm. In certain embodiments, the size of the trospium beads is between 0.425 mm and
1.18 mm. In certain embodiments, the size of the trospium beads is between 0.6 mm and 0.85
mm.

[0010] In certain embodiments, the xanomeline beads contain about 2.5 times as much

xanomeline as the trospium beads contain trospium chloride.
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[0011] In certain embodiments, the plurality of xanomeline and the plurality of trospium
beads have a dissolution rate of more than about 95% within about the first 45 minutes
following contact with an aqueous solution. In certain embodiments, the dissolution rate of
more than about 95% occurs within about the first 20 minutes following contact with an
aqueous solution.

[0012] In certain embodiments, when administered to a patient for at least 7 days at 20 mg
trospium twice daily, the oral pharmaceutical composition provides a mean Cmax of trospium
at 7850 + 3360 pg/mL. In certain embodiments, when administered to a patient for at least 7
days at 20 mg trospium twice daily, oral pharmaceutical composition provides a mean AUCo-
12 of 41900 + 15500 hr-pg/mL.

[0013] In certain embodiments, the xanomeline salt is xanomeline tartrate. In certain
embodiments, the xanomeline beads comprise between 30 wt.% and 80 wt.% xanomeline
tartrate, such as 66 wt.% xanomeline tartrate. In certain embodiments, the xanomeline beads
comprise between 15 wt.% and 65 wt.% microcrystalline cellulose, such as 33.5 wt.%
microcrystalline cellulose. In certain embodiments, the xanomeline beads comprise between
0 wt.% and 2 wt.% talc, such as 0.5 wt.% talc. In certain embodiments, the xanomeline beads
comprise between 30 wt.% and 80 wt.% xanomeline tartrate, between 15 wt.% and 65 wt.%
microcrystalline cellulose, and between 0 wt.% and 2 wt.% talc. In certain embodiments, the
xanomeline beads comprise 66 wt.% xanomeline tartrate, 33.5 wt.% microcrystalline
cellulose, and 0.5 wt.% talc.

[0014] In certain embodiments, the trospium salt is trospium chloride. In certain
embodiments, the trospium beads comprise between 8 wt.% and 35 wt.% trospium chloride,
such as 17.7 wt.% trospium chloride. In certain embodiments, the trospium beads comprise
between 25 wt.% and 80 wt.% microcrystalline cellulose, such as 46.8 wt.% microcrystalline
cellulose. In certain embodiments, the trospium beads comprise between 15 wt.% and 70
wt.% lactose monohydrate, such as 35 wt.% lactose monohydrate. In certain embodiments,
the trospium beads comprise between 0 wt.% and 2 wt.% talc, such as 0.5 wt.% talc. In
certain embodiments, the trospium beads comprise between 8 wt.% and 35 wt.% trospium
chloride, between 25 wt.% and 80 wt.% microcrystalline cellulose, between 15 wt.% and 70
wt.% lactose monohydrate, and between 0 wt.% and 2 wt.% talc. In certain embodiments, the
trospium beads comprise 17.7 wt.% trospium chloride, 46.8 wt.% microcrystalline cellulose,

35 wt.% lactose monohydrate, and 0.5 wt.% talc.
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[0015] In certain embodiments, the oral pharmaceutical composition further comprises a
capsule containing the plurality of xanomeline beads and the plurality of trospium beads. In
certain embodiments, the capsule has a dosage strength of 50 mg xanomeline free base and
20 mg trospium chloride. In certain embodiments, the capsule has a dosage strength of 50 mg
xanomeline free base and 10 mg trospium chloride. In certain embodiments, the capsule has a
dosage strength of 75 mg xanomeline free base and 20 mg trospium chloride. In certain
embodiments, the capsule has a dosage strength of 75 mg xanomeline free base and 10 mg
trospium chloride. In certain embodiments, the capsule has a dosage strength of 125 mg
xanomeline free base and 30 mg trospium chloride. In certain embodiments, the capsule has a
dosage strength of 125 mg xanomeline free base and 40 mg trospium chloride.

[0016] The present disclosure also provides an oral pharmaceutical composition, comprising:
a plurality of xanomeline beads having a size between 0.425 mm and 1.18 mm, and core
comprising between 30 wt.% and 80 wt.% xanomeline tartrate, between 15 wt.% and 65
wt.% microcrystalline cellulose, and between 0.2 wt.% and 2 wt.% talc; and a plurality of
trospium beads having a size between 0.425 mm and 1.18 mm, and a core comprising
between 8 wt.% and 35 wt.% trospium, between 25 wt.% and 80 wt.% microcrystalline
cellulose, between 15 wt.% and 70 wt.% lactose monohydrate, and between 0.2 wt.% and 2
wt.% talc; the plurality of xanomeline and the plurality of trospium beads having a
dissolution rate of more than about 95% within about the first 45 minutes following entry of
the dosage form into an aqueous solution; and wherein, when administered to a patient for at
least 7 days at 20 mg trospium twice daily, providing a mean Cmax of trospium at 7850 + 3360
pg/mL and a mean AUCo-12 of 41900 + 15500 hr-pg/mL.

[0017] The present disclosure also provides an oral pharmaceutical composition, comprising:
a capsule containing a plurality of xanomeline beads and a plurality of trospium beads; the
plurality of xanomeline beads having a size between 0.6 mm and 0.85 mm, and core
comprising between 66 wt.% xanomeline tartrate, 33.5 wt.% microcrystalline cellulose, and
0.5 wt.% talc; and the plurality of trospium beads having a size between 0.6 mm and 0.85
mm, and a core comprising 17.7 wt.% trospium chloride, 46.8 wt.% microcrystalline
cellulose, 35 wt.% lactose monohydrate, and 0.5 wt.% talc; the plurality of xanomeline and
the plurality of trospium beads having a dissolution rate of more than about 95% within about
the first 20 minutes following entry of the dosage form into an aqueous solution; and

wherein, when administered to a patient for at least 7 days at 20 mg trospium twice daily,
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providing a mean Cmax of trospium at 7850 + 3360 pg/mL and a mean AUCq.12 of 41900 =
15500 hr-pg/ml.

16618 Further provided is a method of activating muscarinic receptors n a biological sample
comprising contacting the biological sample with any oral pharmaceutical composition
described herein,

[6819] Also provided is a method for treating a disorder amehiorated by activating muscarinic
receptors in a subject in need thereof, comprising administering to a patient in need thereof
any oral pharmaceutical composition described herein. In certain embodiments, the subject is
a human. In certain embodiments, the disorder 1s selected from schizophrenia, Alzheimer’s
disease, Parkinson’s disease, depression, movement disorders, pain, drug addiction,
tauopathy, and synucleinopathy.

(3320} Further provided is a method of ireating a disorder ameliorated by activating
muscariiic receptors in a subject in need thereof, comprising the sequential or co-
admanistration of any oral pharmaceutical composition described herein; and a second
therapeutic agent.

[662%] The present disclosure also provides an oral pharmaceuatical composition, comprising
xanomeline and/or a salt thereof and less than 0.5 wt.% 3-[(d-hexyloxv)-1,2.5- thiadiazoi-3-
vii-5-hydroxyl-I-methylpyridin-1-tum. Also provided is an oral pharmaceutical composition,
comprising a plurality of xanomeline beads comprising xanomeline or a salt thereof and less
than 0.5 wi.% 3-[(4-hexyloxy}-1,2.5- thiadiazol-3-yH-S-hydroxyl-T-methylpyridin-1-um;
and a plurality of trospium beads comprising a salt of trospium.

6622} The present disclosure further provides an oral pharmaceutical composition,
comprising xanomeline and/or a salt thereof and trospium chlornide {or trealing a muscarinic
disorder in a patient in need thereof, wherein when admirustered to the patient in need
theraof, the composition is sufficient to provide an in-vivo plasma profile comprising a
median Tma: for xanomeline of 2 hours and a median T for trospium of 1 hour In certain
embodiments, the in~vivo plasma profile further comprises a mean dose-normalized Cuax of
between 48.5 and 121.3 pg/ml/mg and a mean dose-normalized Cuax of trospium of between
156 and 375 pg/mb/mg. In certain embodiments, the in-vive plasma profile further comprises
a mean dose-normalized AUCo 12 of xanomeline of between 263 and 577 hr pg/ml/mg and a
mean dose-normalized AUCq_1» of trospium of between 881 and 2024 hr pg/mb/mg.

[3623] Further aspects and advantages will be apparent to those of ordinary skill in the art

from a review of the following detailed description. While the dosage form, method of
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making, and method of treatment are susceptible of embodiments in various forms, the
description hereafter includes specific embodiments with the understanding that the
disclosure is illustrative, and is not intended to limit the disclosure to the specific

embodiments described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The disclosure will be readily understood by the following detailed description in
conjunction with the accompanying drawings, wherein like reference numerals designate like
structural elements. The drawings provide exemplary embodiments or aspects of the
disclosure and do not limit the scope of the disclosure.

[0025] FIG. 1 shows the stability schedule and protocol for xanomeline/trospium capsules.
[0026] FIG. 2 is a scanning electron microscope (SEM) image of xanomeline tartrate 66%
beads at 30x magnification showing that the beads are sized between 0.6 mm and 0.85 mm
used for xanomeline/trospium capsules.

[0027] FIG. 3 is an SEM image of trospium chloride 17.7% beads at 30x magnification
showing that the beads are sized between 0.6 mm and 0.85 mm used for xanomeline/trospium
capsules.

[0028] FIG. 4 is the dissolution profile of xanomeline/trospium Cl, 50/20 mg capsules
containing xanomeline beads and trospium Cl beads and measured at time 0, 1 month, 2
months, 3 months, and 6 months following storage at 40 °C/75%RH, as well as 3 months
after storage at 25 °C/60%RH.

[0029] FIG. 5 is the dissolution profile of xanomeline/trospium CI, 50/10 mg capsules
containing xanomeline beads and trospium Cl beads and measured at time 0, 1 month, 2
months, and 3 months following storage at 40 °C/75%RH as well as 3 months after storage at
25 °C/60%RH.

[0030] FIG. 6 shows the stability data for xanomeline/trospium CI, 50/10 mg capsules stored
at 25 °C/60%RH and measured at time 0, 3 months, 6 months and 9 months.

[0031] FIG. 7 shows the stability data for xanomeline/trospium Cl, 50/10 mg capsules stored
at 30 °C/65%RH and measured at time 0, 3 months, and 6 months.

[0032] FIG. 8 shows the stability data for xanomeline/trospium Cl, 50/10 mg capsules stored
at 40 °C/75%RH and measured at time 0, 3 months, and 6 months.

[0033] FIG. 9 is the dissolution for xanomeline/trospium CI, 50/10 mg capsules stored at 25

°C/60%RH and measured at time 0, 3 months, 6 months, and 9 months.
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[0034] FIG 10 is the dissolution profile for xanomeline/trospium Cl, 50/10 mg capsules
stored at 30 °C/65%RH and measured at time 0, 3 months, and 6 months.

[0035] FIG 11 is the dissolution profile for xanomeline/trospium CI, 50/10 mg capsules
stored at 40 °C/75%RH and measured at time 0, 3 months, and 6 months.

[0036] FIG. 12 is the xanomeline active pharmaceutical ingredient related substances profile
for xanomeline/trospium Cl 50/10 mg capsules and measured at time 0, 3 months, 6 months,
and 9 months.

[0037] FIG. 13 is trospium chloride active pharmaceutical ingredient related substances
profile for xanomeline/trospium Cl 50/10 mg capsules and measured at time 0, 3 months, 6
months, and 9 months.

[0038] FIG. 14 is the specification for xanomeline/trospium Cl 50/10 mg capsules.

[0039] FIG. 15 shows the stability data for xanomeline/trospium Cl, 50/20 mg capsules
stored at 25 °C/60%RH and measured at time 0, 3 months, and 6 months.

[0040] FIG. 16 shows the stability data for xanomeline/trospium Cl, 50/20 mg capsules
stored at 30 °C/65%RH and measured at time 0 and 6 months.

[0041] FIG. 17 shows the stability data for xanomeline/trospium Cl, 50/20 mg capsules
stored at 40 °C/75%RH and measured at time 0, 3 months, and 6 months.

[0042] FIG. 18 is the dissolution for xanomeline/trospium Cl, 50/20 mg capsules stored at 25
°C/60%RH and measured at time 0, 3 months, 6, and 9 months.

[0043] FIG 19 is the dissolution profile for xanomeline/trospium Cl, 50/20 mg capsules
stored at 30 °C/65%RH and measured at time 0 and 6 months.

[0044] FIG 20 is the dissolution profile for xanomeline/trospium Cl, 50/20 mg capsules
stored at 40 °C/75%RH and measured at time 0, 3 months, and 6 months.

[0045] FIG. 21 is the xanomeline active pharmaceutical ingredient related substances profile
for xanomeline/trospium Cl 50/20 mg capsules and measured at time 0, 3 months, and 6
months.

[0046] FIG. 22 is trospium chloride active pharmaceutical ingredient related substances
profile for xanomeline/trospium Cl 50/20 mg capsules and measured at time 0, 3 months, and
6 months.

[0047] FIG. 23 is the specification for xanomeline/trospium Cl 50/20 mg capsules.

[0048] FIG. 24 shows the stability data for xanomeline/trospium Cl, 75/10 mg capsules
stored at 25 °C/60%RH and measured at time 0, 3 months, and 6 months.
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[0049] FIG. 25 shows the stability data for xanomeline/trospium Cl, 75/10 mg capsules
stored at 30 °C/65%RH and measured at time 0, and 6 months.

[0050] FIG. 26 shows the stability data for xanomeline/trospium CI, 75/10 mg capsules
stored at 40 °C/75%RH and measured at time 0, 3 months, and 6 months.

[0051] FIG. 27 is the dissolution for xanomeline/trospium Cl, 75/10 mg capsules stored at 25
°C/60%RH and measured at time 0, 3 months, and 6 months.

[0052] FIG 28 is the dissolution profile for xanomeline/trospium Cl, 75/10 mg capsules
stored at 30 °C/65%RH and measured at time 0 and 6 months.

[0053] FIG 29 is the dissolution profile for xanomeline/trospium Cl, 75/10 mg capsules
stored at 40 °C/75%RH and measured at time 0, 3 months, and 6 months.

[0054] FIG. 30 is the xanomeline active pharmaceutical ingredient related substances profile
for xanomeline/trospium Cl 75/10 mg capsules and measured at time 0, 3 months, and 6
months.

[0055] FIG. 31 is trospium chloride active pharmaceutical ingredient related substances
profile for xanomeline/trospium CI 75/10 mg capsules and measured at time 0, 3 months, and
6 months.

[0056] FIG. 32 is the specification for xanomeline/trospium CI 75/10 mg capsules.

[0057] FIG. 33 is the dissolution for xanomeline/trospium Cl, 75/20 mg capsules stored at 25
°C/60%RH and measured at time 0, 3 months, and 6 months.

[0058] FIG. 34 is the dissolution for xanomeline/trospium CI, 75/20 mg capsules stored at 30
°C/65%RH and measured at time 0, and 6 months.

[0059] FIG. 35 shows the stability data for xanomeline/trospium Cl, 75/20 mg capsules
stored at 40 °C/75%RH and measured at time 0, 3 months, and 6 months.

[0060] FIG. 36 is the dissolution for xanomeline/trospium Cl, 75/20 mg capsules stored at 25
°C/60%RH and measured at time 0, 3 months, and 6 months.

[0061] FIG 37 is the dissolution profile for xanomeline/trospium Cl, 75/20 mg capsules
stored at 30 °C/65%RH and measured at time 0 and 6 months.

[0062] FIG 38 is the dissolution profile for xanomeline/trospium Cl, 75/20 mg capsules
stored at 40 °C/75%RH and measured at time 0, 3 months, and 6 months.

[0063] FIG. 39 is the xanomeline active pharmaceutical ingredient related substances profile
for xanomeline/trospium Cl 75/20 mg capsules and measured at time 0, 3 months, and 6

months.
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[0064] FIG. 40 is trospium chloride active pharmaceutical ingredient related substances
profile for xanomeline/trospium Cl 75/20 mg capsules and measured at time 0, 3 months, and
6 months.

[0065] FIG. 41 is the specification for xanomeline/trospium Cl 75/20 mg capsules.

[0066] FIG. 42 depicts the mean (+ standard deviation) xanomeline pharmacokinetic
concentrations on Day 1 for KarXT 50/20 twice daily treatment for all cohorts of the KAR-
003 pharmacokinetic population.

[0067] FIG. 43 depicts the mean (+ standard deviation) xanomeline pharmacokinetic
concentrations by treatment on Day 3 for KarXT 50/20 twice daily treatment for all cohorts
of the KAR-003 pharmacokinetic population.

[0068] FIG. 44 depicts the mean (+ standard deviation) xanomeline pharmacokinetic
concentrations by treatment on Day 7 for KarXT 50/20 twice daily treatment for all cohorts
of the KAR-003 pharmacokinetic population.

[0069] FIG. 45 depicts the mean (+ standard deviation) xanomeline pharmacokinetic
concentrations by treatment and visit for the KAR-003 pharmacokinetic population.

[0070] FIG. 46 depicts the mean (+ standard deviation) xanomeline pharmacokinetic trough
concentrations by treatment for the KAR-003 pharmacokinetic population.

[0071] FIG. 47 depict the mean (+ standard deviation) trospium pharmacokinetic
concentrations on Day 1 for the KarXT 50/20 twice daily treatment for all cohorts of the
KAR-003 pharmacokinetic population.

[0072] FIG. 48 depicts the mean (+ standard deviation) trospium pharmacokinetic
concentrations by treatment on Day 3 for the KAR-003 pharmacokinetic population.

[0073] FIG. 49 depicts the mean (+ standard deviation) trospium pharmacokinetic
concentrations by treatment on Day 7 for the KAR-003 pharmacokinetic population.

[0074] FIG. 50 depicts the mean (+ standard deviation) trospium pharmacokinetic
concentrations by treatment and visit for the KAR-003 pharmacokinetic population.

[0075] FIG. 51 depicts the mean (£ standard deviation) trospium pharmacokinetic trough

concentrations by treatment and visit for the KAR-003 pharmacokinetic population.

DETAILED DESCRIPTION

[0076] The articles “a” and “an” refer to one or to more than one (i.e. to at least one) of the
grammatical object of the article. By way of example, “an element” means one element or

more than one element.
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[0077] The terms “‘comprise” and “comprising” are inclusive, open sense, meaning that
additional elements may be included.

[0078] The term “consisting” limits the elements to those specified except for impurities
ordinarily associated therewith.

[0079] The term “consisting essentially of”” limits the elements to those specified and those
that do not materially affect the basic and novel characteristics of the material or steps.

[0080] All ranges set forth herein include all possible subsets of ranges and any combinations
of such subset ranges. By default, ranges include the stated endpoints, unless stated
otherwise, where a range of values is provided, each intervening value between the upper and
lower limit of that range and any other stated or intervening value in that stated range, is
encompassed within the disclosure. The upper and lower limits of these smaller ranges may
independently be included in the smaller ranges, and are also encompassed within the
disclosure, subject to any specifically excluded limit in the stated range. Where the stated
range includes one or both limits, ranges excluding either or both of those included limits are
also contemplated to be part of the disclosure.

[0081] The term “wt.%” is the weight percent based on the total weight, e.g. of the core, or
enteric coating, or total bead, as described in context. Unless stated otherwise, the wt.% is
intended to describe the weight percent based on dry weight (e.g., for a core following
drying).

[0082] The term “controlled release™ is defined as a prolonged release pattern of one or more
drugs, such that the drugs are released over a period. A controlled release formulation has
release kinetics that result in measurable serum levels of the drug over a period longer than
what would be possible following intravenous injection or following administration of an
immediate release oral dosage form. Controlled release, slow release, sustained release,
extended release, prolonged release, and delayed release have the same definitions herein.
[0083] The term “including” means “including but not limited to.” “Including” and
“including but not limited to™ are used interchangeably.

[0084] The term “mammal” is known in the art. Exemplary mammals include humans,
primates, bovines, porcines, canines, felines, and rodents (e.g., mice and rats).

[0085] The terms “parenteral administration” and “administered parenterally” are art-
recognized and refer to modes of administration other than enteral and topical administration,
usually by injection. These modes include without limitation intravenous, intramuscular,

intraarterial, intrathecal, intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal,
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transtracheal, subcutaneous, subcuticular, intra-articular, subcapsular, subarachnoid,
intraspinal, and intrasternal injection and infusion.

[0086] A “patient,” “subject” or “host” to be treated by the subject method mean either a
human or non-human mammal.

[0087] The term “‘pharmaceutically-acceptable carrier” is art-recognized and refers to a
pharmaceutically-acceptable material, composition or vehicle, such as a liquid or solid filler,
diluent, excipient, solvent or encapsulating material, involved in carrying or transporting any
subject composition or component thereof from one organ, or portion of the body, to another
organ, or portion of the body. Each carrier must be “acceptable” in the sense of being
compatible with the subject composition and its components and not injurious to the patient.
Some examples of materials that may serve as pharmaceutically acceptable carriers include
sugars, such as lactose, glucose and sucrose; starches, such as corn starch and potato starch;
cellulose and its derivatives, such as sodium carboxymethyl cellulose, ethyl cellulose, and
cellulose acetate; powdered tragacanth; malt; gelatin; talc; excipients, such as cocoa butter
and suppository waxes; oils, such as peanut oil, cottonseed oil, safflower oil, sesame oil, olive
oil, corn oil and soybean oil; glycols, such as propylene glycol; polyols, such as glycerin,
sorbitol, mannitol and polyethylene glycol; esters, such as ethyl oleate and ethyl laurate; agar;
buffering agents, such as magnesium hydroxide and aluminum hydroxide; alginic acid;
pyrogen-free water; isotonic saline; Ringer’s solution; ethyl alcohol; phosphate buffer
solutions; and other non-toxic compatible substances employed in pharmaceutical
formulations.

[0088] The term “pharmaceutically-acceptable salts™ is art-recognized and refers to salts
prepared from relatively non-toxic acids or bases including inorganic acids and bases and
organic acids and bases, including, for example, those contained in compositions of the
present disclosure. Suitable non-toxic acids include inorganic and organic acids such as
acetic, benzenesulfonic, benzoic, camphorsulfonic, citric, ethenesulfonic, fumaric, gluconic,
glutamic, hydrobromic, hydrochloric, isethionic, lactic, maleic, malic, mandelic,
methanesulfonic, mucic, nitric, pamoic, pantothenic, phosphoric, succinic, sulfuric, tartaric
acid, p-toluenesulfonic, hydrochloric, hydrobromic, phosphoric, and sulfuric acids and the
like.

[0089] The term “treating” is art-recognized and refers to curing as well as ameliorating at

least one symptom of any condition or disorder.
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[0090] In jurisdictions that forbid the patenting of methods practiced on the human body, the
meaning of “administering” of a composition to a human subject shall be restricted to
prescribing a controlled substance that a human subject will self-administer by any technique
(e.g., orally, inhalation, topical application, injection, insertion, etc.). The broadest reasonable
interpretation consistent with laws or regulations defining patentable subject matter is
intended. In jurisdictions that do not forbid the patenting of methods practiced on the human
body, the “administering” of compositions includes both methods practiced on the human
body and the foregoing activities.

[0091] The term “therapeutic agent™ is art-recognized and refers to any chemical moiety that
is a biologically, physiologically, or pharmacologically active substance acting locally or
systemically in a subject. Examples of therapeutic agents, also referred to as “drugs,” are
described in well-known literature references such as the Merck Index (14th edition), the
Physicians’ Desk Reference (64th edition), and The Pharmacological Basis of Therapeutics
(12th edition). These therapeutic agents include without limitation medicaments; vitamins;
mineral supplements; substances used for the treatment, prevention, diagnosis, cure or
mitigation of a disease or illness; substances that affect the structure or function of the body,
or pro-drugs, which become biologically active or more active after they have been placed in
a physiological environment.

[0092] The term “psychotherapy” refers to non-pharmacological therapies in which those
skilled in the art use a variety of techniques involving verbal and other interactions with a
patient to affect a positive therapeutic outcome. Such techniques include, but are not limited
to, behavior therapy, cognitive therapy, psychodynamic therapy, psychoanalytic therapy,
group therapy, family counseling, art therapy, music therapy, vocational therapy, humanistic
therapy, existential therapy, transpersonal therapy, client-centered therapy (also called person-
centered therapy), Gestalt therapy, biofeedback therapy, rational emotive behavioral therapy,
reality therapy, response based therapy, Sandplay therapy, status dynamics therapy, hypnosis
and validation therapy. Psychotherapy may involve combining two or more techniques. A
therapist can select and adjust the techniques based on the needs of the individual patient and
the patient’s response.

[0093] The term “muscarinic disorder” refers to any disease or condition ameliorated by
activating the muscarinic system. Such diseases include ones in which direct activation of
muscarinic receptors themselves or inhibition of cholinesterase enzymes has produced a

therapeutic effect.
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[0094] The terms “diseases related to schizophrenia™ and “disorders related to schizophrenia’
include, but are not limited to, schizo-affective disorder, psychosis, delusional disorders,
psychosis associated with Alzheimer’s disease, psychosis associated with Parkinson’s
disease, psychotic depression, bipolar disorder, bipolar with psychosis, Huntington’s disease,
Lewy Body dementia, or any other disease with psychotic features.

[0095] The term “movement disorders™ includes, but is not limited to, Gilles de la Tourette’s
syndrome, Friederich’s ataxia, Huntington’s chorea, restless leg syndrome and other diseases
or disorders whose symptoms include excessive movements, ticks and spasms.

[0096] The term “mood disorders™ includes major depressive disorder, dysthymia, recurrent
brief depression, minor depression disorder, bipolar disorder, mania and anxiety.

[0097] The term “cognitive disorders™ refers to diseases or disorders marked by cognitive
deficit (e.g., having abnormal working memory, problem solving abilities, etc.). Diseases
include but are not limited to Alzheimer’s disease, Parkinson’s Disease, dementia (including,
but not limited to, AIDS-related dementia, vascular dementia, age-related dementia, dementia
associated with Lewy bodies and idiopathic dementia), Pick’s disease, tauopathies,
synucleinopathies, confusion, cognitive deficit associated with fatigue, learning disorders,
traumatic brain injury, autism, age-related cognitive decline, and Cushing’s Disease, a
cognitive impairment associated with autoimmune diseases.

[0098] The term “attention disorders™ refers to diseases or conditions marked by having an
abnormal or decreased attention span. Diseases include, but are not limited to, attention
deficit and hyperactivity disorder (ADHD), attention deficit disorder (ADD), Dubowitz
Syndrome, FG Syndrome, Down’s Syndrome, growth delay due to insulin-like growth factor
I (IGF1) deficiency, hepatic encephalopathy syndrome, and Strauss Syndrome.

[0099] The term “addictive disorders™ refers to diseases or conditions marked by addiction or
substance dependence as defined by the Diagnostic & Statistical Manual V (DSM-5). Such
disorders are characterized by physical dependence, withdrawal and tolerance to a substance.
Such substances include but are not limited to alcohol, cocaine, amphetamines, opioids,
benzodiazepines, inhalants, nicotine, barbiturates, cocaine and cannabis. Addictive disorders
also encompass behaviors that a patient does compulsively or continually despite clear
negative consequences. For instance, ludomania (gambling addiction, or compulsive
gambling) is recognized by those skilled in the art as being an addictive behavior that often
has devastating consequences. In certain embodiments, the addictive behavior may be

Internet Gaming Disorder (gaming addiction), as defined in the DSM-5.
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[0100] The term “pain” refers to physical suffering or discomfort caused by illness or injury.
Pain is a subjective experience and the perception of pain is performed parts of the central
nervous system (CNS). Usually noxious (peripheral) stimuli are transmitted to the CNS
beforehand, but pain is not always associated with nociception. A broad variety of clinical
pain exists, derived from different underlying pathophysiological mechanisms and needing
different treatment approaches. Three major types of clinical pain have been characterized:
acute pain, chronic pain, and neuropathic pain.

[0101] Acute clinical pain may result, for example, from inflammation or soft tissue injury.
This type of pain is adaptive and has the biologically relevant function of warning and
enabling healing and repair of an already damaged body part to occur undisturbed. A
protective function is achieved by making the injured or inflamed area and surrounding tissue
hypersensitive to all stimuli so that contact with any external stimulus can be avoided. The
neuronal mechanisms underlying this type of clinical pain are well understood and
pharmacological control of acute clinical pain is available and effective, for example by
means of nonsteroidal anti-inflammatory drugs (NSAIDs) up to opioids depending on type
and extent of the sensation of pain.

[0102] Chronic clinical pain appears as sustained sensory abnormalities resulting from an
ongoing peripheral pathology such as cancer or chronic inflammation (e.g., arthritis) or it can
be independent of such initiating triggers. Chronic pain independent of initiating triggers is
maladaptive, offering no survival advantage, and very often no effective treatment is
available.

[0103] Neuropathic pain can be classified as peripheral or central. Peripheral neuropathic
pain is caused by injury or infection of peripheral sensory nerves, whereas central
neuropathic pain is caused by damage to the CNS or/and the spinal cord. Both peripheral and
central neuropathic pain can occur without obvious initial nerve damage.

[0104] The term “activator” means a molecule described as an agonist, partial agonist, co-
agonist, physiological agonist, potentiator, stimulator, allosteric potentiator, positive allosteric
modulator, allosteric agonist, or a molecule that increases the activity or signaling of
receptors directly or indirectly.

[0105] The term “inhibitor” means a molecule described as an antagonist, partial antagonist,
competitive antagonist, non-competitive antagonist, uncompetitive antagonist, silent
antagonist, inverse agonist, reversible antagonist, physiological antagonist, irreversible

antagonist, inhibitor, reversible inhibitor, irreversible inhibitor, negative allosteric modulator,
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allosteric antagonist, or a molecule that decreases the activity or signaling of receptors
directly or indirectly.

[0106] The term “maximum tolerated dose” means the highest dose of a drug or therapeutic
that a patient can take without the patient experiencing intolerable side effects. The maximum
tolerated dose is typically determined empirically in clinical trials.

[0107] The term “muscarinic receptors” refers to G-protein linked receptors that bind the
neurotransmitter acetylcholine. To date, five subtypes of muscarinic receptor have been
identified. “M1” means the subtype one muscarinic receptor. “M2” means the subtype two
muscarinic receptor. “M3” means the subtype three muscarinic receptor. “M4” means the
subtype four muscarinic receptor. “M5” means the subtype five muscarinic receptor.

[0108] The term “antipsychotic” refers to a drug that diminishes psychosis, hallucinations or
delusions. Antipsychotics include, but are not limited to haloperidol, droperidol,
chlorpromazine, fluphenazine, perphenazine, prochlorperazine, thioridazine, trifluoperazine,
mesoridazine, periciazine, promazine, triflupromazine, levomepromazine, promethazine,
pimozide, chlorprothixene, flupenthixol, thiothixene, zuclopenthixol, clozapine, olanzapine,
risperidone, quetiapine, ziprasidone, amisulpride, asenapine, paliperidone, zotepine,
aripiprazole, bifeprunox, and tetrabenazine.

[0109] The term “anxiolytics™ refers to drugs that reduce anxiety, fear, panic or related
feelings. Such drugs include, but are not limited to, benzodiazepines (e.g., alprazolam,
chlordiazepoxide, clonazepam, clorazepate, diazepam, lorazepam), buspirone, barbiturates
(e.g., amobarbital, pentobarbital, secobarbital, phenobarbitol), and hydroxyzine.

[0110] The term “anti-depressants” refers to drugs that alleviate depression and related
conditions (e.g., dysthymia). Such drugs include, but are not limited to, selective serotonin-
reuptake inhibitors (SSRIs, e.g., citalopram, escitalopram, fluoxetine, fluvoxamine,
paroxetine, sertraline), serotonin-norepinephrine reuptake inhibitors (SNRIs, e.g.,
desvenlafaxine, duloxetine, milnacipram, venlafaxine), mianserin, mirtazapin, norepinephrine
reuptake inhibitors (e.g., atomoxetine, mazindol, reboxetine, viloxazine), bupropion,
tianeptine, agomelatine, tricyclic antidepressants (e.g., amitriptyline, clomipramine, doxepin,
imipramine, trimipramine, desipramine, nortriptyline, protriptyline), and monoamine oxidase
inhibitors (e.g., isocarboxazid, moclobemide, phenelzine, selegiline, tranylcypromine).
[0111] The terms “sedatives™ or “tranquilizers” refer to drugs that induce somnolence,

promote a feeling of being tired or desire to sleep, or promote a state of unconsciousness.
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Such drugs include, but are not limited to, benzodiazepines, barbiturates (e.g., amobarbital,

pentobarbital, secobarbital, phenobarbitol), eszopiclone, zaleplon, zolpidem, and zopiclone.

Pharmaceutical Compositions

[0112] Earlier development of xanomeline, a muscarinic receptor agonist, as a monotherapy
was halted due to peripheral cholinergic side effects. The current disclosure provides a dosage
form with dissolution kinetics having a more effective therapeutic effect for both active
ingredients, enhanced pharmacokinetics for trospium chloride, and greater dosing
compliance. The current disclosure also provides dosage forms with different strengths and/or
different ratios of the two actives.

[0113] Provided herein is an oral pharmaceutical composition, comprising a plurality of
xanomeline beads comprising xanomeline or a salt thereof; and a plurality of trospium beads
comprising a salt of trospium. In certain embodiments, the plurality of xanomeline beads
have a core comprising xanomeline or a salt thereof. In certain embodiments, the plurality of
trospium beads have a core comprising a trospium salt.

[0114] In certain embodiments, a capsule shell comprising hydroxypropyl methyl cellulose
(HPMC) containing separate populations of drug beads containing xanomeline tartrate or
trospium chloride wherein the drug beads are of comparable size and release the actives
rapidly and at substantially similar rates. Following dissolution of the capsule shell in the
stomach, the drug beads may dissolve in the stomach and/or pass through the pyloric valve
into the duodenum intact or partially intact, but the ratio of the two drugs, both in dissolved
form and in undissolved form remains relatively constant in the gastrointestinal tract until the
drugs are absorbed.

[0115] The formulation for each drug bead allows substantially similar performance from
two actives at different dose ranges, where the actives are released into the blood serum at
substantially similar rates and/or achieve a substantially similar Tmax. In certain embodiments,
a capsule containing 50 mg xanomeline as the tartrate salt and 10 mg trospium chloride.
Because 50 mg xanomeline as free base corresponds to about 76 mg xanomeline tartrate, the
ratio of the active ingredients in such a formulation is about 7.6 to 1.

[0116] A discrepancy in the number of drug beads in the capsule increases the probability
that the ratio of drug beads would not remain substantially constant after the beads are
released and disperse. Thus, in certain embodiments, the trospium beads are formulated with
a lower drug load such that effective doses of trospium and of xanomeline are contained in

roughly equivalent numbers of beads. In certain embodiments, despite the differences in drug
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loads, the trospium and xanomeline beads release at roughly similar rates. For example, if
dissolution of the capsules is assessed using a United States Pharmacopeia (USP) dissolution
apparatus, the percentage of xanomeline dissolved is substantially equivalent to the
percentage of dissolved trospium chloride, such as at 10 min, 20 min, or 30 min.

[0117] The medicament may also include one or more pharmaceutically-acceptable salts. The
medicament may include one or more pharmaceutically-acceptable carriers. The medicament
may be administered orally. The medicament may be delivered orally using tablets, troches,
liquids, emulsions, suspensions, drops, capsules, caplets or gel caps and other methods of oral
administration known to one skilled in the art.

[0118] The medicament may be in a dosage form that immediately releases the drug. In an
alternative embodiment, the medicament may have a controlled release dosage form.

[0119] The medicament may be in dosage forms that use other methods of controlled release
formulation known to one in the art.

[0120] In another embodiment, the medicament is combined with one or more therapies,
including psychotherapy and drugs. Therapeutic agents include, but are not limited, to
antipsychotics, anxiolytics, anti-depressants, sedatives, tranquilizers, analgesics and other
pharmacological interventions known to one skilled in the art. A therapeutic agent may fall
under the category of more than one drug. For instance, benzodiazepines can be considered
anxiolytics, sedatives and tranquilizers.

Bead / Core Excipients

[0121] The bead and/or core can comprise one or more excipients. In one embodiment, the
excipients include one or more fillers, binders, and surfactants. Other optional ingredients
include, but are not limited to, glidants, lubricants, disintegrants, swelling agents, and
antioxidants. The xanomeline or a pharmaceutically acceptable salt thereof and the salt of
trospium may be in separate matrices within the same medicament.

[0122] The amount of xanomeline free base in the core can be at least 10 wt.% or at least 15
wt.%, or at least 20 wt.%, or at least 25 wt.%, or at least 30 wt.%. For example, the amount of
xanomeline tartrate can be at least 50 wt.%, or at least 55 wt.%, or at least 60 wt.%, or at least
65 wt.%, or at least 70 wt.%, or at least 75 wt.%, or at least 80 wt.%, or at least 85 wt.% of
the core, for example in a range of about 60 wt.% to about 90 wt.% or about 65 wt.% to about
85 wt.%. It is understood that all ranges including these values as endpoints is contemplated,
for example, at least between about 15 wt.% and about 90 wt.%, between about 20 wt.% and
about 85 wt.%, between about 30 wt.% and about 85 wt.%, or between about 50 wt.% and
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about 90 wt.%. In certain embodiments, the xanomeline beads comprise between 30 wt.%
and 80 wt.% xanomeline tartrate, such as 66 wt.% xanomeline tartrate.

[0123] The amount of trospium salt in the core can be at least 10 wt.% or at least 15 wt.%, or
at least 20 wt.%, or at least 25 wt.%, or at least 30 wt.%. For example, the amount of
trospium chloride can be at least 50 wt.%, or at least 55 wt.%, or at least 60 wt.%, or at least
65 wt.%, or at least 70 wt.%, or at least 75 wt.%, or at least 80 wt.%, or at least 85 wt.% of
the core, for example in a range of about 60 wt.% to about 90 wt.% or about 65 wt.% to about
85 wt.%. It is understood that all ranges including these values as endpoints is contemplated,
for example, at least between about 15 wt.% and about 90 wt.%, between about 20 wt.% and
about 85 wt.%, between about 30 wt.% and about 85 wt.%, or between about 50 wt.% and
about 90 wt.%. In certain embodiments, the trospium is trospium chloride. In certain
embodiments, the trospium beads comprise between 8 wt.% and 35 wt.% trospium chloride,
such as 17.7 wt.% trospium chloride.

[0124] In a further embodiment, the matrix comprises a polymer, for example to modify the
release profile of the active in the matrix. In a further embodiment, the polymer comprises a
water-soluble polymer. In a further embodiment, the water-soluble polymer is selected from
Eudragit™ RL, polyvinyl alcohol, polyvinylpyrrolidone, methyl cellulose, hydroxypropyl
cellulose, hydroxypropylmethyl cellulose, polyethylene glycol, and mixtures thereof. In a
further embodiment, the polymer comprises a water insoluble polymer. In a further
embodiment, the water insoluble polymer is selected from Eudragit™ RS, ethylcellulose,
cellulose acetate, cellulose propionate, cellulose acetate propionate, cellulose acetate
butyrate, cellulose acetate phthalate, cellulose triacetate, poly(methyl methacrylate),
poly(ethyl methacrylate), poly(butyl methacrylate), poly(isobutyl methacrylate), poly(hexyl
methacrylate), poly(isodecyl methacrylate), poly(lauryl methacrylate), poly(phenyl
methacrylate), poly(methyl acrylate), poly(isopropyl acrylate), poly(isobutyl acrylate),
poly(octadecyl acrylate), poly(ethylene), poly(ethylene) low density, poly(ethylene) high
density, poly(propylene), poly(ethylene terephthalate), poly(vinyl isobutyl ether), poly(vinyl
acetate), poly(vinyl chloride), polyurethane, and mixtures thereof.

[0125] Fillers include, but are not limited to, lactose, saccharose, glucose, starch,
microcrystalline cellulose, microfine cellulose, mannitol, sorbitol, calcium hydrogen
phosphate, aluminum silicate, amorphous silica, and sodium chloride, starch, and dibasic
calcium phosphate dihydrate. In one embodiment, the filler is not water soluble, although it

may absorb water. In one embodiment, the filler is a spheronization aid. Spheronization aids
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can include one or more of crospovidone, carrageenan, chitosan, pectinic acid, glycerides, [3-
cyclodextrin (B-CD), cellulose derivatives, microcrystalline cellulose, powdered cellulose,
polyplasdone crospovidone, and polyethylene oxide. In one embodiment, the filler includes
microcrystalline cellulose.

[0126] The amount of filler in the xanomeline core is not particularly limited. In
embodiments, the amount of filler (e.g. microcrystalline cellulose) can be in a range of about
10 wt.% to about 70 wt.%, or about 16 wt.% to about 23 wt.%, or at least 19 wt.% or at least
19.5 wt.%, for example about 20 wt.%. In certain embodiments, the xanomeline beads
comprise between 15 wt.% and 65 wt.% microcrystalline cellulose, such as between about 15
wt.% and 20 wt.%, between about 20 wt.% and 25 wt.%, between about 25 wt.% and 30
wt.%, between about 30 wt.% and 35 wt.%, between about 35 wt.% and 40 wt.%, between
about 40 wt.% and 45 wt.%, between about 45 wt.% and 50 wt.%, between about 50 wt.%
and 55 wt.%, between about 55 wt.% and 60 wt.%, or between about 60 wt.% and 65 wt.%.
In certain embodiments, the xanomeline beads comprise 33.5 wt.% microcrystalline
cellulose.

[0127] The amount of filler in the trospium core is not particularly limited. In embodiments,
the amount of filler (e.g. microcrystalline cellulose or lactose) can be in a range of about 10
wt.% to about 80 wt.%, or about 16 wt.% to about 23 wt.%, or at least 19 wt.% or at least
19.5 wt.%, for example about 20 wt.%. In certain embodiments, the trospium beads comprise
between 25 wt.% and 80 wt.% microcrystalline cellulose, such as between about 25 wt.% and
30 wt.%, between about 30 wt.% and 35 wt.%, between about 35 wt.% and 40 wt.%, between
about 40 wt.% and 45 wt.%, between about 45 wt.% and 50 wt.%, between about 50 wt.%
and 55 wt.%, between about 55 wt.% and 60 wt.%, between about 60 wt.% and 65 wt.%,
between about 65 wt.% and 70 wt.%, between about 70 wt.% and 75 wt.%, or between about
75 wt.% and 80 wt.%. In certain embodiments, the trospium beads comprise 46.8 wt.%
microcrystalline cellulose.

[0128] In certain embodiments, the trospium beads comprise between 15 wt.% and 70 wt.%
lactose monohydrate, such as between about 15 wt.% and 20 wt.%, between about 20 wt.%
and 25 wt.%, between about 25 wt.% and 30 wt.%, between about 30 wt.% and 35 wt.%,
between about 35 wt.% and 40 wt.%, between about 40 wt.% and 45 wt.%, between about 45
wt.% and 50 wt.%, between about 50 wt.% and 55 wt.%, between about 55 wt.% and 60
wt.%, between about 60 wt.% and 65 wt.%, or between about 65 wt.% and 70 wt.%. In

certain embodiments, the trospium beads comprise 35 wt.% lactose monohydrate.
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[0129] Binders include, but are not limited to, cellulose ethers, methyl cellulose, ethyl
cellulose, hydroxyethyl cellulose, propyl cellulose, hydroxypropyl cellulose, lower-
substituted hydroxypropyl cellulose, hydroxypropylmethyl cellulose (hypromellose, e.g.
hypromellose 2910, Methocel™ E), carboxymethyl cellulose, starch, pregelatinized starch,
acacia, tragacanth, gelatin, polyvinyl pyrrolidone (povidone), cross-linked polyvinyl
pyrrolidone, sodium alginate, microcrystalline cellulose, and lower-alkyl-substituted
hydroxypropyl cellulose. In one embodiment, the binders are selected from wet binders. In
one embodiment, the binder is selected from cellulose ethers, e.g. hypromellose.

[0130] The amount of binder in the xanomeline core is not particularly limited. In
embodiments, the amount of binder (e.g. hypromellose) can be in a range between about 1
wt.% and about 10 wt.%, between about 2 wt.% and about 8 wt.%, or between about 4 wt.%
and about 6 wt.%, for example about 5 wt.%.

[0131] The amount of binder in the trospium core is not particularly limited. In embodiments,
the amount of binder (e.g. hypromellose) can be in a range between about 1 wt.% and about
10 wt.%, between about 2 wt.% and about 8 wt.%, or between about 4 wt.% and about 6
wt.%, for example about 5 wt.%.

[0132] Surfactants include, but are not limited to, anionic surfactants, including sodium
lauryl sulfate, sodium deoxycholate, dioctyl sodium sulfosuccinate, and sodium stearyl
fumarate, nonionic surfactants, including polyoxyethylene ethers, and polysorbate 80, and
cationic surfactants, including quaternary ammonium compounds. In one embodiment the
surfactant is selected from anionic surfactants, e.g. sodium lauryl sulfate.

[0133] The amount of surfactant, e.g. as a processing aid, in the xanomeline core is not
particularly limited. In embodiments, the amount of surfactant (e.g. microcrystalline
cellulose) can be in a range between about 0.1 wt.% and about 1 wt.%, between about 0.2
wt.% and about 0.8 wt.%, or between about 0.4 wt.% and about 0.6 wt.%, for example about
0.5 wt.%.

[0134] The amount of surfactant, e.g. as a processing aid, in the trospium core is not
particularly limited. In embodiments, the amount of surfactant (e.g. sodium lauryl sulfate) can
be in a range between about 0.1 wt.% and about 1 wt.%, between about 0.2 wt.% and about
0.8 wt.%, or between about 0.4 wt.% and about 0.6 wt.%, for example about 0.5 wt.%.
[0135] Disintegrants include, but are not limited to, starch, sodium cross-linked

carboxymethyl cellulose, carmellose sodium, carmellose calcium, cross-linked polyvinyl
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pyrrolidone, and sodium starch glycolate, low-substituted hydroxypropyl cellulose, and
hydroxypropyl starch.

[0136] Glidants include, but are not limited to, polyethylene glycols of various molecular
weights, magnesium stearate, calcium stearate, calcium silicate, fumed silicon dioxide,
magnesium carbonate, magnesium lauryl sulfate, aluminum stearate, stearic acid, palmitic
acid, cetanol, stearol, and talc.

[0137] Lubricants include, but are not limited to, stearic acid, magnesium stearate, calcium
stearate, aluminum stearate, and siliconized talc. In certain embodiments, the xanomeline
beads comprise between 0 wt.% and 2 wt.% talc, such as 0.5 wt.% talc. In certain
embodiments, the trospium beads comprise between 0 wt.% and 2 wt.% talc, such as 0.5
wt.% talc.

[0138] In certain embodiments, the formulation further comprises one or more antioxidants.
Examples of pharmaceutically-acceptable antioxidants include: (1) water soluble
antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate, sodium
metabisulfite, sodium sulfite and the like; (2) oil-soluble antioxidants, such as ascorbyl
palmitate, butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), lecithin,
propyl gallate, alpha-tocopherol, and the like; and (3) metal chelating agents, such as citric
acid, ethylenediamine tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and
the like. In certain embodiments, the formulation comprises less than 1 wt.% antioxidant,
such as 0.9 wt.%, 0.8 wt.%, 0.7 wt.%, 0.6 wt.%, 0.5 wt.%, 0.4 wt.%, 0.3 wt.%, 0.2 wt.%, 0.1
wt.%, 0.09 wt.% , 0.08 wt.% , 0.07 wt.% , 0.06 wt.%, 0.05 wt.%, 0.04 wt.%, 0.03 wt.%, 0.02
wt.%, or 0.01 wt.%. In certain embodiments, the formulation comprises about 0.05 wt.%
BHT or 0.5 wt.% ascorbic acid. In certain embodiments, the antioxidant is present in the
xanomeline core or the xanomeline beads.

[0139] In certain embodiments, the xanomeline beads comprise between 30 wt.% and 80
wt.% xanomeline tartrate, between 15 wt.% and 65 wt.% microcrystalline cellulose, and
between 0 wt.% and 2 wt.% talc. In certain embodiments, the trospium beads comprise
between 0.2 wt.% and 2 wt.% talc, such as 0.5 wt.% talc. In certain embodiments, the
trospium beads comprise between 8 wt.% and 35 wt.% trospium chloride, between 25 wt.%
and 80 wt.% microcrystalline cellulose, between 15 wt.% and 70 wt.% lactose monohydrate,
and between 0.2 wt.% and 2 wt.% talc.

[0140] In certain embodiments, the xanomeline tartrate drug beads comprise 66 wt.%

xanomeline tartrate, 33.5 wt.% microcrystalline cellulose, and 0.5 wt.% talc. In certain
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embodiments, the trospium chloride beads comprise 17.7 wt.% trospium chloride, 46.8 wt.%
microcrystalline cellulose, 35 wt.% lactose monohydrate, and 0.5 wt.% talc. In this example,
the xanomeline tartrate beads contain about 2.5 times as much xanomeline as the trospium
chloride beads contain trospium chloride.

[0141] Depending on dosing requirements, capsules can be prepared with different amounts
of xanomeline tartrate and trospium chloride beads. In various embodiments, capsules
contain 50 mg xanomeline and 10 mg trospium chloride, 50 mg xanomeline and 20 mg
trospium chloride, 75 mg xanomeline and 10 mg trospium chloride, 75 mg xanomeline and
20 mg trospium chloride, 125 mg xanomeline and 30 mg trospium chloride, or 125 mg
xanomeline and 40 mg trospium chloride. In certain embodiments, capsule contains 25 mg
xanomeline as xanomeline tartrate and 10 mg trospium chloride. In certain embodiments,
capsule contains 50 mg xanomeline as xanomeline tartrate and 10 mg trospium chloride. In
certain embodiments, capsule contains 50 mg xanomeline as xanomeline tartrate and 20 mg
trospium chloride. In certain embodiments, capsule contains 75 mg xanomeline as
xanomeline tartrate and 10 mg trospium chloride. In certain embodiments, capsule contains
75 mg xanomeline as xanomeline tartrate and 20 mg trospium chloride. In certain
embodiments, capsule contains 125 mg xanomeline as xanomeline tartrate and 20 mg
trospium chloride. In certain embodiments, capsule contains 125 mg xanomeline as
xanomeline tartrate and 40 mg trospium chloride.

[0142] In another embodiment, the medicament contains from five milligrams to 700
milligrams of xanomeline. In an embodiment, the medicament contains from 25 milligrams to
300 milligrams of xanomeline.

[0143] In another embodiment, the medicament contains from one milligram to 400
milligrams of trospium chloride. In an embodiment, the medicament contains from 6.5
milligrams to 200 milligrams of trospium chloride.

[0144] In one embodiment, trospium chloride extended release is used as the trospium
chloride in the medicament. In another embodiment, the medicament contains from one
milligram to 400 milligrams of trospium chloride extended release. In an embodiment, the
medicament contains from 6.5 milligrams to 200 milligrams of trospium chloride extended
release.

[0145] In an embodiment, the medicament contains 75 mg or 225 milligrams of xanomeline,
and the same medicament contains 20 mg or 40 milligrams of trospium chloride. In another

embodiment, the medicament contains 75 mg or 225 milligrams of xanomeline, and a
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different medicament to be co-administered contains 20 mg or 40 milligrams of trospium
chloride.

Bead Coatings

[0146] In other embodiments, the beads may be coated with functional or non-functional
coatings, for example for aesthetic, handling, or stability. In certain embodiments, the beads
might be coated with a pH-sensitive coating so that they do not dissolve in the low pH of the
stomach. A nonfunctional coating might be used to maintain chemical separation between the
beads or for cosmetic reasons.

[0147] In a further embodiment, the controlled release formulation comprises a semi-
permeable coating. The xanomeline and trospium chloride may be in different coatings in the
same formulation. In another embodiment, the xanomeline and trospium chloride can be in
different coatings in different formulations or dosing vehicles. In a further embodiment, the
semi-permeable coating comprises a polymer. In a further embodiment, the controlled release
formulation comprises a matrix that suspends the xanomeline and trospium chloride.

[0148] In certain embodiments, the distribution of coating thicknesses can be stated in weight
gain of coating material based on the total weight of the coated beads. Thus, in one
embodiment, the distribution of coating thicknesses is at least 2% based on the total weight of
the coated beads. In another embodiment, the distribution of coating thicknesses is at least
3%. In another embodiment, the distribution of coating thicknesses is at least 4%. In another
embodiment, the distribution of coating thicknesses is at least 5%. In another embodiment,
the distribution of coating thicknesses is at least 6%. In another embodiment, the distribution
of coating thicknesses is at least 7%. In another embodiment, the distribution of coating
thicknesses is at least 8%. In another embodiment, the distribution of coating thicknesses is at
least 9%. In another embodiment, the distribution of coating thicknesses is at least 10%. In
another embodiment, the distribution of coating thicknesses is at least 11%. In another
embodiment, the distribution of coating thicknesses is at least 12%. In another embodiment,
the distribution of coating thicknesses is at least 13%. In another embodiment, the
distribution of coating thicknesses is at least 14%.

[0149] For example, the difference in coating thickness from bead to bead can be in a range
of +/- 1-7% based on the total weight of the coated beads. The distribution of coating
thicknesses can between about 2% and about 14% based on the weight of the coated beads,
such as between about 3% and about 13%, between about 4% and about 12%, between about

5% and about 11%, between about 6% to about 10%, between about 7% and 9%, between
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about 3% and 14%, between about 4% and 14%, between about 4% and 13%, or between 4%
and about 12%.

[0150] In one embodiment, the absorption (area under the curve, AUC) of the dosage form
when dosed orally is advantageously increased, compared to other dosage forms of
xanomeline or trospium chloride. Without intending to be bound by any theory, the increase
in absorption is influenced by the dosage form exhibiting a pseudo-extended release profile.
The pseudo-extended release profile is influenced by one or more factors, including a
distribution of coating thicknesses when present, a distribution of bead particle sizes, and the
beads having irregular bead shapes. For example, in an embodiment wherein the beads have a
distribution of coating thicknesses, for beads with a relatively thin coating, the coating
completely dissolves at the trigger pH relatively quickly to release the xanomeline and/or
trospium chloride compositions, whereas for beads having a relatively thick coating the
coating takes somewhat longer to completely dissolve and release the xanomeline and/or
trospium chloride compositions. In an embodiment where the beads have a distribution of
particle sizes and/or irregular bead shapes, the gut transit time of the beads could be varied
due to bead size and/or shape, such that the transit time until reaching the coating dissolution
pH is varied, thus contributing to a pseudo-extended release profile. In another embodiment,
the dosage form exhibits substantially equivalent (e.g., bioequivalent) Cmax and/or AUC
characteristics when administered orally inside a capsule shell or without a capsule shell.
[0151] In certain embodiments, the dosage form provides a progressive and predictable
absorption curve. In one embodiment, the Tmax of the dosage form when dosed orally is more
stable on a dose-to-dose basis, because the beads are individually coated. A predictable,
consistent Tmax is advantageous for accomplishing a more consistent, sustained therapeutic
effect. For example, process-related variations in coating thickness or other influences on
coating dissolution affect only a fraction of the xanomeline and trospium chloride in the
dosage form and tend to lead to the pseudo-extended release behavior. In contrast, coated
capsules comprising xanomeline and trospium chloride microspheres exhibits significant
variability in absorption time from capsule to capsule.

[0152] In certain embodiments, the oral pharmaceutical composition comprises xanomeline
and/or a salt thereof and trospium chloride for treating a muscarinic disorder in a patient in
need thereof, which when administered to the patient in need thereof, the composition is
sufficient to provide an in-vivo plasma profile comprising a median Tmax for xanomeline of 2

hours and a median Tmax for trospium of 1 hour. In certain embodiments, the in-vivo plasma
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profile further comprises a mean dose-normalized Cmax of between 48.5 and 121.3
pg/mL/mg. In certain embodiments, the in-vivo plasma profile further comprises a mean
dose-normalized Cmax of trospium of between 156 and 375 pg/mL/mg. In certain
embodiments, the in-vivo plasma profile further comprises a mean dose-normalized AUCo-12
of xanomeline of between 263 and 577 hr-pg/mL/mg. In certain embodiments, the in-vivo
plasma profile further comprises a mean dose-normalized AUCo-12 of trospium of between
881 and 2024 hr-pg/mL/mg. In certain embodiments, the in-vivo plasma profile further
comprises a mean Cmax of trospium at 7850 + 3360 pg/mL. In certain embodiments, the in-
vivo plasma profile further comprises a mean AUCo-12 of 41900 + 15500 hr-pg/mL.

[0153] In another embodiment, the dosage form exhibits advantageous storage stability, e.g.
as measured by the amount of xanomeline present following storage and/or by the total
amount of related substances. The storage stability can be assessed following storage at
typical ambient conditions (e.g. 25 °C and 60% relative humidity) or at accelerated stability
conditions involving increased temperature and/or humidity.

[0154] The dosage form and methods are contemplated to include embodiments of any
combination of one or more of the additional optional elements, features, and steps further
described below (including those shown in the figures and Examples), unless stated
otherwise. Reference to a bead and properties thereof apply equally to a collection of beads
(e.g., a plurality of such beads). Likewise, reference to a core and properties thereof apply
equally to a collection of cores (e.g., a plurality of such cores).

[0155] The enteric (gastro-resistant) coating material, e.g. polymer, can be one that will
dissolve in intestinal juices at a pH level higher than that of the stomach, e.g. a pH of greater
than 4.5, such as within the small intestine, and therefore permit release of the active
substance in the regions of the small intestine and substantially not in the upper portion of the
GI tract. In one embodiment, the enteric material begins to dissolve in an aqueous solution at
pH between about 4.5 and about 5.5. In another embodiment, the enteric material rapidly
dissolves in an aqueous solution at pH between of about 5. In another embodiment, the
enteric material rapidly dissolves in an aqueous solution at pH between of about 5.5.

[0156] For example, pH-sensitive materials do not significantly dissolve until the dosage
form has emptied from the stomach. The pH of the small intestine gradually increases from
about 4.5 to about 6.5 in the duodenal bulb to about 7.2 in the distal portions of the small
intestine (ileum). To provide predictable dissolution corresponding to the small intestine

transit time of about 3 hours (e.g., 2-3 hours) and permit reproducible release therein, the
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coating should begin to dissolve within the pH range of the duodenum, and continue to
dissolve at the pH range within the small intestine. Therefore, the amount (thickness) of
enteric coating should be sufficient to be substantially dissolved during the about three-hour
transit time within the small intestine (e.g., the proximal and mid-small intestine).

[0157] Suitable enteric (gastro-resistant) materials include, but are not limited to, cross-
linked polyvinyl pyrrolidone; non-crosslinked polyvinylpyrrolidone; hydroxypropylmethyl
cellulose phthalate, hydroxypropylmethyl cellulose acetate succinate, cellulose acetate
succinate; cellulose acetate phthalate, hydroxypropylmethyl cellulose acetate succinate,
cellulose acetate trimellitate; starch acetate phthalate; polyvinyl acetate phthalate;
carboxymethyl cellulose; methyl cellulose phthalate; methyl cellulose succinate; methyl
cellulose phthalate succinate; methyl cellulose phthalic acid half ester; ethyl cellulose
succinate; carboxymethylamide; potassium methacrylate divinylbenzene copolymer;
polyvinyl alcohols; polyoxyethylene glycols; polyethylene glycol; sodium alginate;
galactomannan; carboxypolymethylene; sodium carboxymethyl starch; copolymers of acrylic
acid and/or methacrylic acid with a monomer selected from the following: methyl
methacrylate, ethyl methacrylate, ethyl acrylate, butyl methacrylate, hexyl methacrylate,
decyl methacrylate, lauryl methacrylate, phenyl methacrylate, methyl acrylate, isopropyl
acrylate, isobutyl acrylate, or octadecyl acrylate, e.g. Eudragit™ -L and -S series, including L
100-55, L 30 D-55, L 100, S 100, L 12.5, and S 12.5, available from Evonik Industries;
polyvinyl acetate; fats; oils; waxes; fatty alcohols; shellac; zein; gluten; ethylacrylate-maleic
acid anhydride copolymer; maleic acid anhydride-vinyl methyl ether copolymer; styrol-
maleic acid copolymer; 2-ethyl-hexyl-acrylate maleic acid anhydride; crotonic acid-vinyl
acetate copolymer; glutaminic acid/glutamic acid ester copolymer;
carboxymethylethylcellulose glycerol monooctanoate; polyarginine; poly(ethylene);
poly(propylene); poly(ethylene oxide); poly(ethylene terephthalate); poly(vinyl isobutyl
ether); poly(vinyl chloride); and polyurethane. A combination of enteric materials may also
be used. In one embodiment, the enteric material rapidly dissolves at pH 5.5 and higher, to
provide fast dissolution in the upper bowel. For example, the enteric material can be selected
from a copolymer of methacrylic acid and methyl methacrylate, and a copolymer of
methacrylic acid and ethyl acrylate. For example, an enteric polymer is poly(methacrylic acid
co-ethyl acrylate)1:1 (Eudragit™ L 30 D-55 and Eudragit™ L 100-55).

[0158] Other suitable examples of enteric coating coatings include beeswax and glyceryl

monostearate; beeswax, shellac and cellulose; and cetyl alcohol, mastic and shellac, and
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shellac and stearic acid; polyvinyl acetate and ethyl cellulose; and neutral copolymer of
polymethacrylic acid esters (Eudragit™ L 30D); copolymers of methacrylic acid and
methacrylic acid methylester, or a neutral copolymer of polymethacrylic acid esters
containing metallic stearates. Such coatings comprise mixtures of fats and fatty acids, shellac
and shellac derivatives and the cellulose acid phthalates, e.g., those having a free carboxyl
content.

[0159] One or more plasticizers can be added to enteric polymers to increase their pliability
and reduce brittleness, as known in the art. Suitable plasticizers include, for example, butyl
citrates, triethyl citrate, diethyl phthalate, dibutyl sebacate, polyethylene glycols (PEGs, such
as PEG 6000), acetyl triethyl citrate, and triacetin. In one embodiment, the plasticizer is
triethyl citrate. While some enteric materials are flexible and do not require plasticizers, more
brittle polymers (e.g., Eudragit™ L/S types, Eudragit™ RL/RS, and Eudragit™ FS 30 D)
benefit from plasticizers, for example ranging from between 5 wt.% and 30 wt.% based on
the dry polymer mass, between about 8 wt.% and about 12 wt.% triethyl citrate with
poly(methacrylic acid co-ethyl acrylate) 1:1.

[0160] In certain embodiments, the enteric coatings comprise one or more anti-tacking agents
(antiadherents) to reduce the tackiness of the film and prevent agglomeration, as it is known
in the art. Suitable anti-tacking agents include, but are not limited to talc, glyceryl
monostearate, fumed silica (e.g., Aerosil™ 200), precipitated silica (e.g., Siperat™ PQ), and
magnesium stearate. Anti-tacking agents can be used in any suitable quantity, for example
ranging between about 10 wt.% and 100 wt.% based on dry polymer mass, between about 10
wt.% and about 50 wt.%, between about 10 wt.% and about 30 wt. %, or between about 15
wt.% and about 30 wt.%. For example, in one embodiment in ranges between 15 wt.% and
about 30 wt.% based on dry polymer mass.

[0161] One or more surfactants can also be added to an enteric coating mixture to increase
substrate wettability and/or stabilize suspensions, as it is known in the art. Surfactants include
Polysorbate 80, sorbitan monooleate, and sodium dodecyl sulfate, and other surfactants
described herein.

[0162] The enteric coating can be formed by any suitable process. Coating processes include
pan coating, fluid bed coating, and dry coating (e.g., heat dry coating and electrostatic dry
coating), for example. Pan coating and fluid bed coating using solvent are well established
processes. In liquid coating, the enteric material and optional excipients (e.g. pigments,

plasticizers, anti-tacking agents) are mixed in an organic solvent or water to form a solution
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or dispersion. The coating solution or dispersion is sprayed into solid dosage forms in a pan
coater or a fluid bed dryer and dried by hot air. For example, in a Wurster fluid bed coating
process, the coating fluid is sprayed from the bottom of the fluid bed apparatus. Alternatively,
the coating fluid is applied by top spraying. In certain embodiments, a tangential spray is
applied.

[0163] The amount of enteric material applied is sufficient to achieve desired acid resistance
and release characteristics. For example, in one embodiment the amount of enteric coating
meets USP <711> requirements (USP 36-NF 31) for delayed-release dosage forms, thereby
not releasing 10.0 wt.% of drug after 2 hours in 0.1 N HCI. In certain embodiments, the
formulation releases at least 80% of the active in 20 minutes in pH 6.8 buffer solution, e.g.
using a dissolution method of USP 36-NF 31 section <711>.

[0164] In one embodiment, the enteric coating is present in an amount in a range between
about 10% and 40%, or between 25% and about 35% as measured by the weight gain
compared to the uncoated particle cores, or ranging between about 25% and about 31%
weight gain, between about 27% and about 31% weight gain, or between about 28.5% and
about 31% weight gain, based on the weight of the uncoated particle cores.

[0165] The formulation can include a capsule shell in which the beads are disposed. Soft and
hard capsule shells are known. In one embodiment, the capsule shell is a hard-capsule shell,
e.g. a gelatin capsule shell or a vegetable-based hard capsule shell. In certain embodiments,
the capsule shell comprises one or more enteric coatings described herein. During accelerated
storage, gelatin capsules may collapse. Thus, in certain embodiments, the formulation can
include hydroxypropyl methylcellulose capsule shell.

[0166] Thus, for example, one embodiment combining various of the features described
above includes a pharmaceutical dosage form comprising a plurality of xanomeline beads, the
beads comprising a core comprising xanomeline tartrate, a filler (optionally microcrystalline
cellulose), a binder (optionally hypromellose), and an enteric coating (optionally Eudragit™
L 30 D-55) surrounding the core, wherein the plurality of beads has a distribution of particle
sizes ranging between about 0.7 mm and about 2.5 mm, wherein the enteric coating ranges
between about 20% and about 40% based on the weight of the bead cores, and wherein the
beads are disposed in a capsule shell.

Bead size and shape

[0167] The plurality of beads has a distribution of particle sizes. The plurality of beads has
bead shapes. The plurality of beads has a distribution of coating thicknesses when present.
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[0168] Beads having a distribution of particle sizes were shown to exhibit advantageous
pharmacokinetics. Without intending to be bound by any theory, it is contemplated that the
pharmacokinetics are influenced by the plurality of beads having a distribution of core sizes.
[0169] In one embodiment, the particle sizes of the beads range between about 0.4 mm and
about 1.2 mm, such as between about 0.4 mm and about 0.5 mm, between about 0.5 mm and
about 0.6 mm, between about 0.6 mm and about 0.7 mm, between about 0.7 mm and about
0.8 mm, between about 0.8 mm and about 0.9 mm, between about 0.9 mm and about 1.0 mm,
between about 1.0 mm and about 1.1 mm, or between about 1.1 mm and about 1.2 mm. In
certain embodiments, the size of the xanomeline beads is between about 0.425 mm and about
1.18 mm. In certain embodiments, the size of the xanomeline beads is between about 0.6 mm
and about 0.85 mm. In certain embodiments, the size of the trospium beads is between about
0.425 mm and about 1.18 mm. In certain embodiments, the size of the trospium beads is
between about 0.6 mm and about 0.85 mm.

[0170] The beads or bead mixtures may be used, for example, in suspensions, filled into
capsules, compressed into tablets, or filled into sachets. One or more types of modified
release beads can be mixed together and encapsulated, or used as a sprinkle on the subject’s
food. In certain embodiments, the oral solid dosage form may be any of these forms. In
certain embodiments, the dosage form is a capsule.

[0171] As the particle size of the beads becomes too small, the variability in content of the
active increases. As the particle size becomes too large, the beads are too large for drug
products labeled to be administered via sprinkling (e.g., on applesauce or other soft foods,
such as jellies) and swallowed without chewing, or administered via an enteral feeding tube.
Also, as the particle size increases, the larger particles get coated more than the smaller
particles, resulting in lower relative assay compared to smaller particles. To compensate,
relatively more beads are needed to meet the label strength per capsule. Filling a capsule shell
with sufficient large particles to meet the label strength per capsule becomes difficult or
impossible (e.g. to fill a size 0 capsule to a 75-mg strength of xanomeline free base).

[0172] In one embodiment, the beads are formulated into capsules, e.g., with an
encapsulation machine. Various capsule sizes may accommodate the strength and fill weight
of the target formulations. Capsule size ranges from 00 to 5 for fill weights ranging between
about 15 mg and about 630 mg.

[0173] The beads can be sorted (e.g., via sieving) to a desired particle size. In certain

embodiments, the particle size range is any particle size range or combination thereof
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described above regarding the cores. In one embodiment, the particle size range is the same
as the particle size range of the uncoated cores. For example, the beads can be sieved such
that 5% or less of the bead cores by weight are retained on a #12 mesh (1.68 mm) screen and
10% or less by weight pass through a #20 mesh (0.84 mm) screen.

Method of Making

[0174] Provided is a method for preparing an oral pharmaceutical composition comprising
admixing beads comprising a plurality of xanomeline beads comprising xanomeline or a
pharmaceutically acceptable salt thereof with a plurality of trospium beads comprising a salt
of trospium, such as trospium chloride. In certain embodiments, the method further
comprises formulating the admixed beads into capsules.

[0175] Also disclosed herein are a method for preparing the dosage form, comprising coating
a core comprising xanomeline or a pharmaceutically acceptable salt thereof and an excipient
with an enteric polymer to form the enteric coating, and coating a core comprising trospium
chloride or a pharmaceutically acceptable salt thereof and an excipient with an enteric
polymer to form the enteric coating. Optionally, the core can be formed by a wet granulation
method. Optionally, drug beads are sorted (e.g., via sieving) to a desired particle size range
before enteric coating, and optionally again following enteric coating.

[0176] The drug beads may be made by different processes including, but not limited to,
spheronizing an extruded wet mass and coating of inert core spheres in a fluidized bed. In
certain embodiments, the beads are prepared by extrusion and spheronization.

[0177] The beads are formulated to flow freely and to be compatible with modern
encapsulation equipment. In some embodiments, the beads are blended together to form a
uniform mixture that can be filled into capsules in a single stage. In other embodiments, the
beads are filled separately into capsules using a two-stage capsule filler.

[0178] The cores comprising xanomeline or pharmaceutically acceptable salts thereof can be
formed by any suitable process. In one embodiment, the core is formed by granulating a
mixture of xanomeline or a pharmaceutically acceptable salt thereof with an excipient and
milling to a desired particle size range. In another embodiment, the core can be formed by
extrusion and spheronization of a mixture of xanomeline or a pharmaceutically acceptable
salt thereof with an excipient.

[0179] The cores comprising trospium chloride or pharmaceutically acceptable salts thereof
can be formed by any suitable process. In one embodiment, the core is formed by granulating

a mixture of trospium chloride or a pharmaceutically acceptable salt thereof with an excipient
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and milling to a desired particle size range. In another embodiment, the core can be formed
by extrusion and spheronization of a mixture of trospium chloride or a pharmaceutically
acceptable salt thereof with an excipient.

[0180] Granulating processes can include fluid bed granulation, wet granulation, hot melt
granulation, and spray congealing, for example. Other processes include slugging and roller
compaction. The mixtures to be granulated can first be dry-blended. The dry-blended dry
ingredients can be mixed with water before extrusion.

[0181] Extrusion and spheronization of a mixture of xanomeline or a pharmaceutically
acceptable salt thereof, and trospium chloride with an excipient provides desirable cores with
a distribution of particle sizes as described herein and one or more other desirable properties.
In certain embodiments, short processing times can lead to a more stable product. For
example, reducing spheronization reduces the friction and related heat. Reducing the time
that the product is exposed to air (either when moist and/or before packaging) also diminishes
oxidation. On the other hand, rapid processing by extrusion and spheronization can lead to a
poor-quality product, for example in having a large fraction of the bead cores falling outside a
desired particle size range. The moisture absorbed by spheronization aids (which happens
over time) influences the spheronization characteristics of the beads.

[0182] Accordingly, in one embodiment the moisture content of the granulation mixture,
before drying, ranging between about 20 wt.% and about 40 wt.%, such as between 25 wt.%
and about 35 wt.%, between about 28 wt.% and about 32 wt.%, at least about 28 wt.%, at
least about 28.5, between about 20 wt.% and about 40 wt.%, between about 25 wt.% and
about 35 wt.%, between about 27 wt.% and about 31 wt.%, or between about 28.5 wt.% and
about 31 wt.%.

[0183] In certain embodiments, the wet mass can be held before extrusion, for example to
allow the spheronization aid to swell with granulating fluid. The hold time can be at least 15
minutes, such as at least 30 minutes, at least 45 minutes, or at least 60 minutes. In certain
embodiments, the hold time ranging between about 15 minutes and about 120 minutes, such
as between about 30 minutes and 100 minutes, or between 60 minutes and 90 minutes.

[0184] As described above relating to cores, the method can include a step of sorting (e.g., by
sieving) the cores before optional coating, to retain particles in a predetermined size range,
for example sizes ranging between about 0.7 mm and about 2.8 mm, such as between about
0.7 mm and about 2.5 mm, between about 0.8 mm and about 1.7 mm, or any range described

herein.
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[0185] As described above relating to beads, the method can include a step of sorting (e.g.,
by sieving) the beads after optional coating, to retain particles in a size range, for example
sizes ranging between about 0.7 mm and about 2.8 mm, such as between about 0.7 mm and
about 2.5 mm, or between about 0.8 mm and about 1.7 mm, or any range described herein.
[0186] In an extrusion and spheronization process, the following optional features can be
employed, individually or in one or more combinations thereof. Water can be a granulation
agent. Microcrystalline cellulose can be in the cores as a spheronization aid. Hypromellose
can be included in the cores as a binder. The extrusion screen size can be 1.0 mm. The
friction plate of the spheronizer can be cross-hatched. The friction plate of the spheronizer
can be cross-hatched with a square pitch of at least about 3 mm, or greater than about 3 mm,
or at least about 4 mm, or greater than about 4 mm, or ranging between about 3 mm and
about 7 mm, or about 5 mm. The spheronization time can be less than about 5 minutes, or
less than about 4 minutes, or less than about 3 minutes, or less than about 2 minutes, or up to
1 minute. The spheronized particles can include non-spherical particles (i.e. irregular shapes),
for example a substantial fraction thereof, such as at least about 20 wt.%, at least about 30
wt.%, at least about 40 wt.%, at least about 50 wt.%, at least about 60 wt.%, or at least about
70 wt.% thereof.

[0187] In certain embodiments, the pharmaceutical composition is stored with a desiccant,
for example, pharmaceutical grades of silica gel, crystalline sodium, potassium or calcium
aluminosilicate, colloidal silica, anhydrous calcium sulphate and the like.

[0188] In certain embodiments, the pharmaceutical composition is stored with an oxygen
absorber.

[0189] In certain embodiments, the pharmaceutical composition is stored under a dry inert
gas such as nitrogen, helium, argon, neon, xenon, krypton or a mixture thereof.

[0190] In certain embodiments, the pharmaceutical composition is stored under a reduced
pressure in comparison with the external ambient air.

[0191] In certain embodiments, the pharmaceutical composition is stored at a reduced
temperature, e.g., at refrigerated temperatures (e.g., 2 °C to 8 °C). In certain embodiments,
the pharmaceutical composition is stored in such a manner have fewer impurities, such as
Impurity A, than when stored at 25 °C.

[0192] In certain embodiments, the pharmaceutical composition is stored by a manufacturer,
a distributor, a pharmacy, or a hospital at a temperature of between about 2 °C and about 8§ °C

prior to dispensing the oral pharmaceutical composition to the subject. In certain
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embodiments, afier the oral pharmaceutical composition is dispensed to the subject, the
pharmaceutical composilion is stored at a temperature of between about 20 °C and about 25
°C.

16193] Also provided is a method of stabilizing a pharmaceutical dosage form or composition
as described herein comprising storing the dosage form at a temperature of about 2 °C to
about 8 °C.

[3194] In certain embodiments, a method for preparing a pharmaceutical dosage form
comprising xanomeline beads comprises forming a wet mass comprising xanomeline {arirate
and an excipient, oplionally microcrysialline cellulose, with a moisture content ranging
hetween about 20 wt.% and about 40 wt.%, extruding and spheronizing the wet mass
comprising xanomeline tartrate and excipient to make cores, sorting the cores to a target
particie size range, optionally between about 0.7 mum and about 2.5 mm, coating the sorted
cores with a polymer to form beads comprising a core and an coating, and sorting the bead
particies 1o a target particle size range, optionally between about 0.7 mun and about 2.5 mm.
[6195] In certain embodiments, a method for preparing a pharmaceutical dosage form
comprising trospium beads comprises forming a wet mass comprising trospium chloride and
an excipient, optionally raicrocrystalline cellulose. with a moisture content ranging between
about 20 wt.% and about 40 wt %, extruding, spheronizing, and drving the wet mass
comprising trospium chioride and excipient to make cores, sorting the cores {0 a target
particle size range, optionally between about 0.7 mm and about 2.5 mim, coating the sorted
cores with a polymer to form beads compnsing a core and an coating, and sorting the bead
particies {0 a target particie size range, optionally between about 0.7 mm and abowt 2.5 mm.
Purity

16196} Also provided is the compound 3-[{4-hexvyloxvy)-1.2,5~ thiadiazol-3-vl}-5-hydroxyl-1-
methylpyridin-1-ium.

[6197] Also provided is a pharmacewtical composition, comprising xanomeline and/or a salt
thereof and less than 0.5 wt.% 3-{(4-hexyloxv)-1,2,5~ thiadiazol-3-vi}-5-hydroxyl-1-
methylpyridin-1-tum (Impurity A). In certain embodiments, the pharmaceutical composition
comprises less than 0.30 wi.% of Impurity A, such as fess than 0.25 wt.%, less than 0.20
wi.%, less than 0.15 wt.%, less than 0.14 wi.% or less than 0.1 wt.%. Also providedis a
pharmaceutical coraposition, comprising xanomeline and/or a salt thereof and less than 0.15
wt.% 3-{{4-hexyloxy}-1.2,5- thiadiazol-3-yi|-5-hydroxyl-1-methylpyridin-1-ium Jmpurity
Al
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16198} Also provided is an oral pharmaceutical composition, comprising a plurality of
xanomeling beads comprising xanomeline or a salt thereof and tess than 0.5 wt.% 3-[{4-
hexvioxy)-1,2,5- thiadiazol-3-y1]-5-hydroxyl-T-methyipyndin-1-tuny and a plurality of
trospium beads comprising a salt of trospium. Also provided is an oral pharmaceutical
composition, comprising a plurality of xanomeline beads comprising xanomeling or g salt
thereof and less than 0.15 wt. % 3-[(4-hexyloxy)-1.2,5~ thiadiazol-3-v}-5-hydroxyl-1-
methylpyridin-1-tum; and a plurality of trospium beads comprising a salt of frospium.
10199} In certain embodiments, the pharmaceutical composition comprises less than 0.5
wi.% of Impurity A after the pharmaceutical composition s stored for at least 3 months at 40
°C and 73% relative hurnidity.

16206 In certain embodiments, the total impurities in the pharmaceutical compositions
provided herein are no greater than about 5% by weight, no greater than about 4% by weight,
no greater than about 3% by weight, no greater than about 2.5% by weight, no greater than
about 2% bv weight, no greater than about 1.5% by weight, no greater than about 1% by
weight, no greaier than about 0.5% by weight, or no greater than about 0.1% by weight.
Method of Treating

16201} Further provided a method of activating muscarinic receptors inn a biological sample,
the method comprising contacting the biological sample with any oral pharmaceutical
composition described herein. Also provided is a method for treating a disorder ameliorated
by activating muscarinic recepiors in a subject in need thereof, comprising administering {o
the subject in need thereof anv oral pharmaceutical composition described herein.

16202] While activators of M1 and M4 muscarinic receptors have been suggested to be
efficacious treatments for schizophrenia, the activation of muscarinic receptors located
outside the brain has resulted in side effects which barred xanomeline from the climc. For
nstance, in both Phase I and subsequent trials, the muscarinic agonist xanomeline had
unacceptable GI and other side effects linked to binding of muscarinic receptors in the body’s
periphery. By combining a xanomeline with trospiurm chiloride, desired therapeutic effect is
achieved while dimnishing or elinunating the side effects associated with activating
muscarinic receptors located outside the brain.

[6203] The tolerability of xanomeling, a muscarinic activator, s increased by co-
admimstering trospium chloride, a muscarinic antagonist. The most coromon adverse events
observed with administering xanomeline are nausea, vomiting, diarrhea, excessive sweating,

and excessive salivation (so-called cholinergic adverse events). The disclosed compostiions
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reduced the incidence of these adverse events in humans, evincing increased xanomeline
tolerability.

[0204] In one embodiment, xanomeline is combined with trospium chloride to treat
muscarinic disorders, ameliorating symptoms in response to muscarinic activation by
xanomeline in living tissues found outside the brain. In an embodiment, such diseases or
disorders include schizophrenia and diseases related to schizophrenia, cognitive disorders in
neurodegenerative diseases such as Alzheimer’s, and pain such as nociceptive pain or
neuropathic pain. The combination of xanomeline and trospium chloride is a safer method for
treating those diseases shown to be responsive to activation of muscarinic receptors.

[0205] In another embodiment, xanomeline and trospium chloride treat mood disorders. In
another embodiment, xanomeline and trospium chloride treat movement disorders. In another
embodiment, xanomeline and trospium chloride treat cognitive disorders, including
enhancing cognitive function not associated with a specific pathology. In another
embodiment, xanomeline and trospium chloride treat attention disorders. In another
embodiment, xanomeline and trospium chloride treat pain. Outside disease treatment,
enhancing attention accelerates leaming and decreases fatigue due to both lack of sleep and
circadian rhythm disturbances, such as jet lag. In another embodiment, xanomeline and
trospium chloride treat addictive disorders.

[0206] In one embodiment, xanomeline combined with trospium chloride treat an animal. In
a further embodiment, the animal is a mammal. In an embodiment, the mammal is a human
being.

[0207] In one embodiment, trospium chloride decreases the side effects associated with
xanomeline. Such side effects include, but are not limited to, GI side effects, cardiac side
effects, excessive sweating, and excessive salivation. Use of trospium with xanomeline
allows the xanomeline to be used clinically when the xanomeline would not otherwise be
used clinically due to its side effects. In another embodiment, use of trospium chloride with
the xanomeline allows for the xanomeline to achieve a higher maximum tolerated dose than
xanomeline would otherwise achieve.

[0208] Various time and resource intensive methods demonstrated the efficacy of the
combination of xanomeline and trospium chloride. For example, animal models demonstrate
the efficacy of new therapeutics for schizophrenia, including both pharmacological models
(e.g., ketamine model) and genetic models (e.g., DISC1 mouse). Likewise, animal models

including rodents, dogs and non-human primates demonstrate the side effect profile of
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pharmacological agents. Animal models are an experimental proxy for humans but may
suffer from deficiencies in the physiological differences between human and animals and thus
may have limited predictive power for human experiments, particularly for central nervous
system disorders. Alternatively, the disclosed combination can be tried in controlled clinical
trials of people. Standard measures based on patient self-report can be used by those skilled
in the art to assess various side effects such as GI discomfort. As another example, objective
physiological measures (e.g., EKGs) may be used by those skilled in the art. A set of standard
measures has also been developed to assess schizophrenia symptoms including the Brief
Psychiatric Rating Scale (BPRS), the Positive and Negative Syndrome Scale (PANSS), and
Clinical Global Impression (CGI). Typically, clinical trials are double blinded, where one
group of patients receives an inactive placebo and the other group the active intervention.
[0209] Before administering the claimed combinations, patients may have a lead-in period
from one to fourteen days, during which lead-in period trospium chloride is given alone. In
one embodiment, the trospium chloride is administered for one or more dose periods before
administering xanomeline to accumulate trospium chloride in the body, or for the trospium
chloride to reach or approach steady-state exposure levels. This accumulation, or higher
exposure levels of the trospium chloride, increases the blockade of muscarinic receptors
outside of the brain and reduces adverse events when xanomeline is administered. In another
embodiment, the trospium chloride is administered for one or more days before xanomeline.
[0210] In one embodiment, xanomeline and trospium chloride are administered to a patient 6
times during a 24-hour period. In another embodiment, xanomeline and trospium chloride are
administered to a patient 5 times during a 24-hour period. In another embodiment,
xanomeline and trospium chloride are administered to a patient 4 times during a 24-hour
period. In an embodiment, xanomeline and trospium chloride are administered to a patient 3
times during a 24-hour period. In another embodiment, xanomeline and trospium chloride are
administered to a patient twice during a 24-hour period. In another embodiment, xanomeline
and trospium chloride are administered to a patient once during a 24-hour period.

[0211] In one embodiment, an extended release formulation of trospium chloride is used in
combination with xanomeline. In another embodiment, trospium chloride extended release is
administered to a patient from one time to five times during a 24-hour period. In an
embodiment, trospium chloride extended release is administered from one to three times
during a 24-hour period. In another embodiment, from five milligrams to 400 milligrams of

trospium chloride extended release is used during a 24-hour period. In an embodiment, from
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20 milligrams to 200 milligrams of trospium chloride extended release is used during a 24-
hour period.

[0212] In one embodiment, 225 mg xanomeline and 40 mg trospium chloride are
administered to a patient in a 24-hour period. In another embodiment, 100 mg xanomeline
and 20 mg trospium chloride are administered to a patient in a 24-hour period. In another
embodiment, 125 mg xanomeline and 20 mg trospium chloride are administered to a patient
in a 24-hour period. In another embodiment, 125 mg xanomeline and 30 mg trospium
chloride are administered to a patient in a 24-hour period. In another embodiment, 125 mg
xanomeline and 40 mg trospium chloride are administered to a patient in a 24-hour period. In
another embodiment, 200 mg xanomeline and 40 mg trospium chloride are administered to a
patient in a 24-hour period. In another embodiment, 200 mg xanomeline and 80 mg trospium
chloride are administered to a patient in a 24-hour period. In another embodiment, 250 mg
xanomeline and 60 mg trospium chloride are administered to a patient in a 24-hour period. In
another embodiment, 250 mg xanomeline and 80 mg trospium chloride are administered to a
patient in a 24-hour period. In another embodiment, 300 mg xanomeline and 40 mg trospium
chloride are administered to a patient in a 24-hour period. In another embodiment, 300 mg
xanomeline and 80 mg trospium chloride are administered to a patient in a 24-hour period.
[0213] Treatment may be initiated with smaller dosages. Thereafter, the dosage may be
increased by small increments until a balance between therapeutic effect and side effects is
attained. While the subject is being treated, the health of the patient may be monitored by
measuring one or more of the relevant indices at predetermined times during the treatment
period. Treatment, including composition, amounts, times of administration and formulation,
may be adjusted per such monitoring. The patient may be periodically reevaluated to
determine improvement by measuring the same parameters. Adjustments to the disclosed
composition administered and possibly to the time of administration may be made based on

these reevaluations.

EXAMPLES
[0214] The following examples are provided for illustration and are not intended to limit the
scope of the disclosure.
Example 1 — Immediate Release Beads

[0215] Beads were prepared for xanomeline tartrate (Table 1) and trospium chloride (Table

2).

37



WO 2020/069301 PCT/US2019/053429

Table 1: Xanomeline tartrate (66%) Bead without Talc

Ingredient % wiw (dry basis) g/batch
Xanomeline tartrate 66 99
Microcrystalline cellulose 34 51
Purified water™® 30) (45)
Total: 100 150
*Removed during drying.

Table 2: Trospium chloride (17.7%) Bead without Talc

Ingredient % wiw (dry basis) g/batch
Trospium chloride 17.7 17.7
Microcrystalline cellulose 35 35
Lactose monohydrate 473 473
Purified water*® (45) 45)
Total: 100 100
*Removed during drying.

[0216] The powders were screened using Quadro Comil Model 197 equipped with 457-um
round hole screen, 0.2-inch spacer at 1625 rpm and mixed for 2 min in a Hobart low shear
mixer/granulator (model N-50) at a fixed speed of 60 rpm. The dry blending step is optional,
as blend uniformity is driven by subsequent wet granulation. Beads were screened by hand
through a 40 mesh (425 um) sieve.

[0217] Wetting was carried out in the Hobart. The water was added using a Cole-Parmer
peristaltic pump. Water addition rate (amount of water /dose time) is a process variable.
[0218] The wet mass was extruded through a perforated screen (dome configuration) single
screw extruder using a LCI Multi Granulator MG-55 at 30 rpm (shaft speed). The wet mass
was extruded directly after wetting. Hold time, shaft speed, and extrusion rate (load) were
process variables.

[0219] The extrudates were placed into a LCI Marumerizer (spheronizer) QJ-230T equipped
with 2.0 mm friction plate. The extrudates were spheronized at different plate speed for a
total of not more than 4 minutes. Spheronization speed and time are process variables.
[0220] The beads were dried using an Aeromatic™ Strea-1 fluid bed at inlet temperature of
60 °C until a water content of not more than 3% was obtained. Because beads melted after a

few minutes at 60 °C, the beads were dried at 30 °C.
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[0221] Water content was evaluated gravimetrically by loss-on-drying (LOD) using a Mettler
Toledo halogen Moisture Analyser, type HR83. The beads were heated at 105 °C until the
rate of weight loss dropped to less or equal to 0.0 % within 60 seconds.

Table 3: Extrusion/Spheronization Process Parameters

Parameter Xanomeline tartrate Trospium chloride
(66% wiw) (17.7% wiw)
Wet massing
Powder (g) 150 100
Water (g) 45 45
% (w/w) dry basis 30 45
Dose time (min) 3 3
Total massing time (min) 3.5 35
Liquid rate (g/min) 15 17
Extrusion
Hold time (min) 0 0
Die hole size (mm) 0.8 0.8
Shaft speed (rpm) 30 30
Load (Ap) 23 22-24
Spheronization
Plate speed (rpm) 900/1500 900
Spheronization time
(i) 1/1 2
Drying
Inlet Temp.(°C) 60 60
Outlet Temp. (°C) NMT 53 NMT 53
Drying time (min) 75 30
LOD (%) 35 25

Example 2 - Scaling up Immediate Release Bead Formulations
[0222] The beads from Example 1 were scaled-up with and without talc (Tables 4-7).

Extrusion/Spheronization process parameters are shown in Table 8.
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Table 4: Xanomeline Tartrate (66%) Beads Without Talc

Ingredient % wiw (dry basis) g/batch
Xanomeline tartrate 66 660
Microcrystalline cellulose 34 340
Purified water™® 24) (240)
Total: 100 1000
*Removed during drying.
Table 5: Xanomeline tartrate (66%) Bead with Talc
Ingredient Purpose % wiw (dry basis) g/batch
Xanomeline tartrate Active 66.0 34650
Microcrystalline cellulose Binder, 335 1758.75
(USP, Ph. Eur.) disintegrant
~ M - 3 <
Purified water* (USP) Granulating (30.0) (1575.0)
fluid
Talc (USP, Ph. Eur.) Ghidant 0.5 26.25
Total 160.0 5,250.0

Abbreviations: Ph. Eur = European Pharmacopeia, USP = United States Pharmacopeia
* - Evaporated during process thus not included in total weight

Table 6: Trospium Chloride (17.7%) Beads Without Talc

Ingredient % wiw (dry basis) g/batch
Trospium chloride 17.7 88.7
Microcrystalline cellulose 35 175.0
Lactose monohydrate 473 236.3
Purified water™® (59) (295)
Total: 100 500
*Removed during drying.

Table 7; Trospium chloride (17.7%) Bead with Talc

Ingredient Purpose % w/w (dry basis) g/batch
Trospium chloride (USP) Active 17.7 593.6
Microcrystalline cellulose Binder, 46.8 1567.15

(USP, Ph. Eur) disintegrant
Lactose monochydrate (NF) Filler 35.0 1,172.5
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N . Granulating (47.0) (1574.5)
Purified water™ (USP) '
fiud
Talc (USP, Ph. Eur) Glidant 0.5 16.75
Total 100 3,350.0

Abbreviations: NF = National Formulary, Ph. Eur = European Pharmacopeia, USP = United
States Pharmacopeia. * - Evaporated during process

Table 8: Extrusion/Spheronization Process Parameters

Parameter Xanomeline tartrate Trospium chloride
(66% wiw) (17.7% wiw)
Wet massing
Powder (g) 1000 500
Water (g) 240 295
% (w/w) dry basis 24 59
Dose time (min) 3 4
Total massing time (min) 35 4.5
Liquid rate (g/min) 80 82
Extrusion
Hold time (min) 0 0
Die hole size (mm) 0.8 0.8
Shaft speed (rpm) 30 30
Load (Ap) 22-23 24-25
Spheronization
Plate speed (rpm) 900 900
Spheronization time (min) 0.5 1
Drying
Inlet Temp.(°C) 60 60
Outlet Temp. (°C) NMT 50 NMT 49
Drying time (min) 50 40
LOD (%) 23 2.4
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Example 3 - Capsule Stability and Dissolution Testing

[0223] Capsules were produced by weighing beads and filling into HPMC capsules manually.
Beads were encapsulated by hand using an Accofil™ capsule filling machine where beads
premixed with talc (0.5%) were filled individually/one-after-the-other in the capsule, as
shown at Table 9.

Table 9: Composition of Xanomeline / Trospium Chloride Capsules. Ingredients are

listed in milligrams per capsule.

25mg/ | S0mg/ | S0mg/ |75 mg/ | 75 mg/
Ingredient Functien
10mg | I0mg | 20mg | I0mg | 20 mg

Xanomeline drug beads |Active ingredient| 58.1 1161 1161 1742 | 1742

Xanomeline tartrate 383 76.6 76.6 115.0 115.0
‘ Drug substance | , ,
[total weight (freebase)] (25.0) | (50.0) | (50.0) | (75.0) | (75.0)
Microcrystalline cellulose Binder,

o 19.5 38.9 38.9 58.4 58.4
(USP, PhEur)| disintegrant

Talc (USP, Ph. Eur.) Glidant 0.3 0.6 0.6 0.9 0.9

Trospium drug beads  |Active ingredient| 356.5 56.5 113.0 56.5 113.0

Trospium chloride (USP)| Drug substance 10 10 20 10 20

Microcrystalline cellulose Binder,

(USP, Ph. Eur.)| disintegrant

26.4 26.4 52.9 26.4 52.9

Lactose monohydrate, NF Filler 19.8 19.8 39.6 19.8 39.6
Talc (USP, Ph. Eur.) Glidant 0.3 0.3 0.6 0.3 0.6
HPMC capsule shell Capsule 95.6 95.6 95.6 95.6 95.6
Hydroxypropy! methyl
Structure 93.7 937 93.7 93.7 93.7
cellulose (USP, Ph. Eur.)
Titanium dioxide
Colorant 1.9 1.9 1.9 1.9 1.9

{(USP, Ph. Eur.)

Totall 2102 | 2682 | 3247 | 3263 | 38238

[0224] After drying the beads were screened by shaking 5 min through 16 mesh (1.18 mm)
and 40 mesh (0.425 mm) screens. The beads in size between sieves 1.18 mm and 0.425 mm

were retained for further analysis.
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[0225] The morphology and surface characteristics of beads were examined by scanning
electron microscopy (SEM) using a JSM-6010LV InTouchScope™ (JEOL Ltd, Tokyo, JP)
microscope with a back-scattered electron detector (BES). Samples were placed on metallic
stubs using double-sided carbon conductive tape. The images were obtained with accelerating
voltages of 20 kV under low vacuum (60 Pa) and magnification 30x.

[0226] Bulk and tapped density were determined in duplicate using the USP <616> method
using a tapped density tester (JV 1000, Copley Scientific). The bulk density was measured
from the volume of a known mass of powder sample in a graduated cylinder. The tapped
density was measured by mechanically tapping the measuring cylinder until the volume
changed no further.

[0227] The powder flow properties were evaluated using the Carr’s Compressibility Index
and Hausner ratio, both derived using the measured values for bulk and tapped density Carr’s
Compressibility Index (CI) was calculated using bulk and tapped density data when fitted
into the equation: Compressibility Index = (Tapped density — Bulk density) / Tapped density
x 100%. Hausner Ratio (H) was calculated as the ratio of tapped to bulk density. Capsules
were analyzed for appearance, assay, related substances, water content, and dissolution. FIG.
1 shows the stability schedule and protocol for xanomeline/trospium capsules.

[0228] The beads were further sized between 0.6 mm and 0.85 mm. Some beads exhibited
similar morphological properties. Modifications in some other beads decreased the density of
beads and lead to rough surfaces and loss of sphericity. Scanning electron microscope (SEM)
images of xanomeline tartrate 66% beads (FIG. 2) trospium chloride 17.7% beads (FIG. 3) at
30x magnification showed that the beads are sized between 0.6 mm and 0.85 mm. These
beads were used in xanomeline/trospium capsules. Particle size distribution (PSD) of beads
was determined by mechanical sieving. As shown in Table 10, most beads for both APIs were
sized between 0.425 and 1.18 mm.

Table 10: Particle Size Distribution by Mechanical Sieving of Beads

Sieve No. (opening % Retained
diameter) 66% Xanomeline tartrate 17.7% Trospium chloride
16 mesh (1.18 mm) 8.1 0.4
40 mesh (0.425 mm) 90.6 973
Receiver 1.3 2.3
Total: 100 100
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[0229] Table 11 shows densities and flow properties of beads collected between 0.425 mm

and 1.18 mm sieves. Xanomeline tartrate and trospium chloride IR beads showed different

densities and flow properties, which can be critical when mixing bead systems.

Table 11: Density and Flow Properties of 0.425-1.18 mm Beads

Bulk density | Tapped density Carr Hausner
Sample ID
(g/em?) (g/em’) Index (%) | Ratio
Xanomeline tartrate (66%)
0.59/0.58 0.63/0.62 7/7 1.08/1.08
beads — Example 1
Xanomeline tartrate (66%)
0.54/0.54 0.58/0.57 6/6 1.07/1.07
beads —Scale up
Trospium chloride (17.7%)
0.81/0.80 0.83/0.83 2/3 1.02/1.04
beads - Example 1
Trospium chloride (17.7%)
0.78/0.79 0.81/0.82 3/3 1.03/1.03
beads - Scale up

[0230] The analysis in Table 12 shows favorable results for assay and related substances, and

moisture content for 50 mg xanomeline and 20 mg trospium chloride capsules. Data in Table

13 show that these attributes were retained during storage stability studies. Similar data are

provided for the 50 mg xanomeline and 10 mg trospium chloride capsules in Table 14.

Dissolution data for these two dosage forms are provided in Table 15 and Table 16. Other

tables showing stability for the xanomeline/trospium chloride formulations are shown in

FIGS. 6-41.

Table 12: Analytical Results

Formulation

Trospium Chloride/ Xanomeline

Tartrate Beads in Capsules

Trospium Chloride/ Xanomeline

Tartrate Beads in Capsules

Dose strength

20 mg salt Trospium Chloride

50 mg Xanomeline free base

10 mg salt Trospium Chloride

50 mg Xanomeline free base

Description

White opaque capsules

White opaque capsules

Assay

Trospium chloride 98.9%
(n=2:99.2, 98.5)

Trospium chloride 97.1%
(n=2:97.1,97.1)

(%LC)

Xanomeline free base 99.4%

(n=2: 100.1, 98.8)

Xanomeline free base 100.6%

(n=2: 100.3, 101.0)

Related Substances

No impurities >0.1%LC

No impurities >0.1%LC
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(%LC)
Moisture (KF)
2.4% 2.2%
(% w/w)

Table 13: Stability of KarXT 50/20

T=0

White opaque capsules

T = 1m, 40 °C/75%RH

No change from initials

T =2m, 40 °C/75%RH

No change from initials

Description
T =3m, 25 °C/60%RH No change from initials
T =3m, 40 °C/75%RH No change from initials
T =6m, 40 °C/75%RH No change from initials
Trospium chloride: 98.9 (99.2, 98.5)
=0 Xanomeline free base: 99.4 (100.1, 98.8)
T=1m Trospium chloride  100.4 (97.8, 103.1)
40 °C/75%RH Xanomeline free base: 101.7 (101.6, 101.8)
T=2m Trospium chloride: 98.2 (98.7, 97.7)
Assay (%LC) 40 °C/75%RH Xanomeline free base: 99.3 (100.3, 98.3)
T=3m Trospium chloride: 99.1 (99.7, 98.4)
25 °C/60%RH Xanomeline free base: 102.0 (103.7, 100.3)
T=3m Trospium chloride: 98.4 (98.5, 98.3)
40 °C/75%RH Xanomeline free base: 99.9 (99.8, 100.0)
T=06m Trospium chloride:  96.0 (95.6, 96.4)
40 °C/75%RH Xanomeline free base: 97.8 (97.6, 98.1)
T=0 No impurities >0.1%LC
T =1m, 40 °C/75%RH No impurities >0.1%LC
Related
T =2m, 40 °C/75%RH 0.14%
Substances : —
(%LC) T =3m, 25 °C/60%RH No impurities >0.1%LC
T =3m, 40 °C/75%RH 0.14%
T =6m, 40 °C/75%RH 0.2%
Moisture (KF) T=0 2.4%
(% w/w) T = 1m, 40 °C/75%RH 3.0%
USP <92]> T =2m, 40 °C/75%RH 3.3%
Method Ia T =3m, 25 °C/60%RH 2.7%
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T =3m, 40 °C/75%RH

2.6%

T =6m, 40 °C/75%RH

3.4%

Table 14: Dissolution of KarXT 50/20

Dissolution
900 mL 0.1N
HCl
Paddles @ 50
rpm, ramp (@), 200
rpm after 45 min

(n=3)

Active Trospium chloride | Xanomeline free base
Time (min) | % LC Range % LC Range
10 77 90,88.52 76 93.87.47
o 20 99 [ 101,99.97 | 98 98.97.98
30 100 | 101,99,.99 | 98 99.97.99
45 101,100,9
100 98 98.,97,99
9
60 (ramp) | 100 | 101,99,99 | 98 98.97.99
Active Trospium chloride | Xanomeline free base
Time %
. Range % LC Range
(min) LC
T=1m
10 81 | 78, 78,85 81 77, 86, 80
40 °C/
20 100 | 102,95, 102 | 97 99, 9893
75%RH
30 101 | 102,97, 103 | 97 99,99, 94
45 101 | 102,97, 103 | 97 99,99, 93
60 (ramp) | 101 | 102,97,103 | 97 99, 99, 93
Active Trospium chloride | Xanomeline free base
Time (min) | % LC Range % LC Range
T=2m
10 68 | 83,74, 48| 76 92,82, 55
40 °C/
20 95 [98,93,94 | 98 101, 98, 96
75%RH
30 97 [99,95.96 | 100 103, 99, 98
45 97 [99,95.96 | 100 103, 99, 98
Active Trospium chloride | Xanomeline free base
Time (min) | % LC Range % LC Range
T=3m
10 78 | 84,80, 69 87 94, 93,75
25°C/
20 96 | 99.96,91 | 101 | 104, 103,97
60%RH
30 97 | 99.97.95 | 102 | 104, 104, 99
45 97 | 99.97.96 | 103 | 104, 104, 101
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Active Trospium chloride | Xanomeline free base
Time (min) | % LC Range % LC Range
T=3m
10 84 90, 84, 78 90 95, 89, 87
40 °C/
20 97 98, 98, 96 99 99, 98, 99
75%RH
30 97 97,98, 96 99 99, 99, 100
45 97 97,98, 96 99 99, 99, 100
Active Trospium chloride | Xanomeline free base
Time (min) | % LC Range % LC Range
T=6m
10 72 85, 53,78 79 92, 58, 86
40 °C/
20 96 98, 92, 98 98 99, 94, 100
75%RH
30 98 99, 95, 99 99 99, 97, 101
45 99 100, 96,99 | 100 100, 98, 101
Table 15: Assay and Related Substances of KarXT 50/10
T=0 White opaque capsules
T =1m, 40 °C/75%RH No change from initials
Description T =2m, 40 °C/75%RH No change from initials
T =3m, 25 °C/60%RH No change from initials
T =3m, 40 °C/75%RH No change from initials
T—0 Trospium chloride: 97.1 (97.1, 97.1)
Xanomeline free base: 100.6 (100.3, 101.0)
T=1m Trospium chloride: 98.5 (98.2, 98.9)
40 °C/75%RH Xanomeline free base: 102.7 (104.4, 101.1)
T=2m Trospium chloride: 96.7 (95.7, 97.6)
Assay (%LC) )
40 °C/75%RH Xanomeline free base: 98.8 (99.3, 98.3)
T=3m Trospium chloride: 98.5 (96.5, 100.5)
25 °C/60%RH Xanomeline free base: 99.2 (98.2, 100.1)
T=3m Trospium chloride: 98.1 (97.6, 98.6)
40 °C/75%RH Xanomeline free base: 99.4 (99.0, 99.8)
Related T=0 No impurities >0.1%LC
Substances T =1m, 40 °C/75%RH No impurities >0.1%LC
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(%LC) T = 2m, 40 °C/75%RH 0.14%
T =3m, 25 °C/60%RH No impurities >0.1%LC
T =3m, 40 °C/75%RH 0.14%
. T=0 22% (n=2:24,21)
Mmzture (KF) T =1m, 40 °C/75%RH 21% n=2:24,1.9)
U;j Z;\;)]> T =2m, 40°C/75%RH 22% Mn=3:18,24,24)
vethod I T = 3m, 25°C/60%RH 21% (n=319,24,21)
T =3m, 40°C/75%RH 25% m=3:23,26,24)

Table 16: Dissolution of KarXT 50/10

10 mg Trospium Chloride
Dose strength
50 mg Xanomeline free base
Active Trospium Chloride | Xanomeline free base
Time (min) | % LC Range % LC Range
10 84 | 85,86, 82 89 88. 90, 88
T=0 20 9 | 97,96, 94 97 96, 96, 98
30 96 | 97,9794 97 96, 97, 98
45 9 | 97,96, 94 97 96, 96, 98
Dissolution 60 (ramp) | 96 | 97.97,94 | 97 96, 96, 98
900ml 0. 1N : : : :
HCl Active Trospium Chloride | Xanomeline free base
Time (min) | % LC Range % LC Range
Paddles @50
T=1m 10 88 83,91, 89 88 87,92, 85
rpm
40 °C/ 20 101 | 100,101,101 | 95 96, 97, 94
ramp (@ 200
75%RH 30 101 | 101,101,101 | 96 97,97, 94
rpm after 45
. 45 101 | 102,101,101 | 96 97,97, 94
min
(1=3) 60 (ramp) | 101 | 102,101,102 | 96 97,97, 94
Active Trospium Chloride | Xanomeline free base
T=2m Time (min) | % LC Range % LC Range
40 °C/
10 88 | 89,91.83 | 93 94,91, 93
75%RH
20 98 |[97.102,96| 99 [ 99,98 101
30 99 |[098.103,97| 99 [ 99,98 101
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45 99 97, 103, 96 99 99, 9§, 101
Active Trosprum Chloride | Xanormeline free base
Time (mun) | % LC Range % LC Range
T=3m
10 88 79,91, 94 93 86, 94, 99
25 °C/
20 99 9599 102 | 98 | 95 97 102
60%RH
30 99 |95 99 102 | 98 | 95 96 102
45 99 95, 99, 102 98 95,96, 102
Active Trospium Chlonide | Xanoroeline free base
Time (mun) | % LC Range % LC Range
T=3m
10 99 | 89.90.91 92 50, 95, 90
40 °C/7
20 98 | 99,9599 | 9% 95,97, 94
5%RH
30 98 99, 95, 99 85 95, 97,94
45 98 99, 85, 99 95 95,97,94

16231} Subseguent testing showed that KarXT 50/10, 50/20, and 75/20 i hard-shell capsules
were stable for at least 12 months 25°C/60%RH. Based on available data, a shelf-life of 15
months at 25°C/60%RH is proposed.

6232] The dissolution results show that the two compounds release quickly, which may
increase their bioavailability, and that they also release at comparable rates despite substantial
differences in compositions between the two bead formulations. Both xanomeline and
trospium chloride have low bicavailabilities, and rapid release can increase bicavailability by
overwhelming saturable processes that lirt absorption into the general circulation.

16233} An unknown xanomeline impurity with a relative retention time of about 1.09 was
observed during stability studies of the combination drug products. The impurity was first
observed during testing at the three-month time pomnt for the 50 mg xanomeline/10 mg
trospiurn chloride drug product and at the mitial time point for the other three combination
products, both of which occurred at the same time. The impurity peak increased both with
time and with increasing storage temperature. The impurity had not been observed before the
present studies,

16234 Prelimnary studies suggest that the RRT 1.09 impurity is 3-{(4-hexvioxy)-1.2,5-
thiadiazol-3-v1}-5-hydroxyi-1-methyipyridin-1-ium (CuHzoN: 08", MW = 294.1271 Da}.
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[6235] The RRT 1.09 impurity is a hvdroxylated version of Compound V (C 1sHxN:0OS",

MW = 278.1322 Daj, which 1s the penultimate intermediate in the svnthesis of xanomeline

with negative mutagenic potential:
SR,

3\-/ "O‘\,//\\/\V/’
W f,

b
[63236] To reduce the presence of the impurity, the storage temperature for the drug product
was lowered. Bottles were flushed with argon to minimize headspace oxygen during
packaging. In certain embodiments, the xanomeline bead formulation was formulaied with an

antioxidant, such as 0.5 wi.% ascorbic acid or 0.05 wi.% BHT.

Example 4 - KAR-001 Phase | study of Combination of Xanomeline and Trospium
Chloride

[6237] A Phase 1, double-blind, randomized mutiple-dose pilot study was conducted with
xanomeline admunistered alone compared to xanomeline admimustered with trosprum chloride
in normal healthy volunteers. The prirnary objectives of this study were (1) to assess the
safety and tolerability of adnunistering, for 7 days, 225 mg daily of xanomeline with 40 mg
datly of trospium chioride, versus administering 225 mg daily of xanomeline alone for 7
davs; and (2) to determine whether adding trospium 40 mg dailv (20 mg BID) to xanomeline
225 mg daily (75 mg TID) over 7 days significantly reduces peripheral cholinergic side
effects (nausea, diarrhea, vomiting, sweating, excess salivation) versus xanomeline 225 mg

daily, alone. Table 17 hists the parameters from this study.

Table 17: Parameters of the KAR-081 stady

Samiple Size: M =70 subjects

Study Population: | Normal healthy volunteers; ages 18-60

Study Duration: Treatment: Nine davs; a two-day run-in period of either placebo or

trospium 40 mg/day, followed by 7 days of active treatment

Follow-up: 14 davs following discharge from chinic
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Test product, dose

Xanomeline, 75 mg capsules, TID, for a 225-mg total daily dose

and mode of Trospium chloride, 20 mg tablet, over-encapsulated, for a 40-mg total
administration: daily dose, BID. Matching placebo.
Study Design The study was an inpatient study conducted in normal healthy volunteers.

Between study days —21 to —7, normal healthy volunteers visited the
clinic to receive and sign Informed Consent and undergo screening

procedures.

Patients entered the clinic on Study Day 0 for baseline safety assessment

and enrollment in the study.

On the moring of Study Day 1 subjects began administration of study
drug. Subjects randomized to the xanomeline-only arm received placebo
for the first two days, and began TID xanomeline treatment on Day 3.
Subjects randomized to the xanomeline + trospium arm received BID
trospium chloride for the first two days, and then TID xanomeline plus
BID trospium starting on Day 3. Matching placebo was administered to
maintain the blind. Patients remained in clinic under observation for the

full duration of treatment (9 days).

Main criteria for

inclusion:

Age 18-60

Female subjects had to be postmenopausal (at least 2 years prior to
dosing) or agree to use an acceptable form of birth control from screening
until 14 days after completion of the study. If on birth control pills, had to

have been on a stable dose for =12 months.

Good general health

Ability to give informed consent and understand verbal instructions.

Willingness to spend 10 days in an in-patient facility.

Main criteria for

exclusion:

History or presence of clinically significant cardiovascular, pulmonary,
hepatic, renal, hematologic, gastrointestinal, endocrine, immunologic,
dermatologic, neurologic, oncologic, or psychiatric disease or any other
condition that, in the opinion of the investigator, would jeopardize the
safety of the subject or the validity of the study results. (Subjects with any

history of resolved cancer that was >5 years passed could be included.)

Body Mass Index <18 or >40 kg/m’
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History of or high risk of urinary retention, gastric retention, or narrow-

angle glaucoma.

History of alcohol or drug abuse within the last 24 months, or current

abuse as determined by urine toxicology screen.

Clinically significant abnormal finding on the physical exam, medical

history, ECG, or clinical laboratory results at screening.

Had participated in another clinical trial within 90 days before the first

dose of study medication.

Needed to take any prescription medication besides the investigational

product or those specifically noted above.

Use of any vitamins, herbs, supplements, or over-the-counter medications
are excluded within one week of enrollment, and during the trial.
Specifically, subjects were not permitted to take Benadryl® for one week
prior to and during the study. Use of any tobacco products within the past

30 days.

Previous positive test for HIV 1 and/or 2, or Hepatitis A, B, or C, or a

positive test obtained at screening.

Selected
Endpoints:

Treatment emergent signs and symptoms (adverse event incidence rates).

Cholinergic treatment emergent signs and symptoms (salivation, sweating,
nausea, vomiting, diarrhea) (cholinergic adverse event incidence rates).
These adverse events were observed at high rates in past xanomeline

studies and were drivers of subject discontinuation.

[0238] Seventy total study subjects were randomized, and of these 68 study subjects received

at least one assessment on day 3, which was the first day of xanomeline administration. Table

18 lists the demographics of the study subjects.
Table 18: Demographics of the KAR-001 study subjects

Xanomeline alone | Xanomeline + Trospium
Characteristic (N=33) (N =35)
Age (years; Mean [SD]) | 34.8 [8.8] 40.9[12.3]
Gender (M/F; [%]) 21/12 27/8
64%/36% 77%/23%
Race (White/ 9/24 13/21
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Non-White; [%]) 27%/70% 37%/60%
Weight (kg; Mean [SD]) | 88[17] 88 [16]
BMI (kg/m2; Mean [SD]) | 29.1 [5.0] 28.8 [5.0]

[0239] The most common adverse events with xanomeline are the so-called cholinergic
adverse events of nausea, vomiting, diarrhea, excessive sweating, and excessive salivation. In
this study, the co-administration of trospium chloride with xanomeline led to a statistically
significant (p = 0.016) 43% reduction in the incidence rate of cholinergic adverse events
compared to xanomeline co-administered with placebo. In the xanomeline + placebo arm of
the study, 63% of subjects reported at least one cholinergic adverse event, compared to only
34% of subjects reporting such an event in the xanomeline + trospium chloride arm of the
study.

[0240] Further, in the study, each kind of individual cholinergic adverse event also had a
decreased incidence rate in subjects administered xanomeline + trospium chloride, compared
to the incidence rate in subjects administered xanomeline + placebo. The decrease in
incidence rate of sweating was statistically significant on its own, at 20.0% in the xanomeline
+ trospium chloride arm, down from 48.5% in the xanomeline + placebo arm, which was a
59% reduction (p =0.013).

[0241] The overall cholinergic adverse event rate in the xanomeline + trospium chloride arm
of the study was very similar to the 32% incidence rate reported during the two-day run-in
period for subjects on placebo + placebo. Although these two data points did not occur during
different periods of the study, the fact that the cholinergic adverse event rate was comparable
to that of placebo suggests that the 43% reduction in adverse events due to trospium chloride
may have been close to the maximum reduction possible in this study.

[0242] Table 19 shows the incidence and number of cholinergic adverse events in the
evaluable population of the study was as follows, with all p-values based on a chi-squared
test, except those marked with an *, which were based on a Fisher’s exact test.

Table 19: Cholinergic adverse events

Xanomeline + Xanomeline + Trospium
placebo (n = 34) (n =35)
Category | (n [%] [# of events]) (n [%] [# of events]) P-value for %
difference Reduction
Any 21 (63.6%) 64 12 (34.3%) 33 0.0155 46%
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TEAEs
Nausea | 8 (24.2%) 11 6(17.1%) 8 0.4693 29%
Vomiting | 5 (15.2%) 5 2(5.7%) 2 0.2522* 62%
Diarthea |7 (21.2%) 8 2(5.7%) 4 0.0794%* 73%
Sweating | 16 (48.5%) 24 7(20.0%) 8 0.0131 59%
Salivation | 12 (36.4%) 16 9(25.7%) 11 0.342 39%

[0243] In addition to evaluating whether adding trospium chloride increased the tolerability

of xanomeline, the study also provided data about the overall safety and tolerability of

xanomeline + trospium chloride. Table 20 shows that overall the combination was well

tolerated with no severe adverse events and no serious adverse events, and with most adverse

events being mild.

Table 20: Tolerability

Xanomeline + placebo

Xanomeline + Trospium

Category (n (%) # events) (N=33) (N =35)
Subjects with any TEAE 27 (81.8) 108 23 (65.7) 73
Max Severity of TEAE

Mild 22 (66.7) N/A 20 (57.1) N/A
Moderate 5(15.2) N/A 3(8.6) N/A
Severe 0 (0.0) 0 (0.0)

Any clinically significant TEAE | 5 (15.2) 5 3(8.6)6

Any study drug related TEAE 23 (69.7) 92 18 (51.4) 57

Max severity of study drug related TEAE

D/C

Mild 19 (57/6) N/A 15 (42.9) N/A
Moderate 4 (12.1) N/A 3(8.6) N/A
Severe 0 (0.0) N/A 0 (0.0) N/A
Any SAE 0 (0.0) 0 (0.0)

AE leading to discontinuation 2(6.1)2 1291
(D/C)

Study drug related AE leading to | 1 (3.0) 1 0 (0.0)
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[0244] The tolerability profile found in this study allowed future studies of the combination

of xanomeline and trospium chloride to proceed.

Example 5 — KAR-003 Phase I Study of KarXT, a xanomeline + trospium combined
formulation

[0245] This study was a Phase 1, randomized, multiple-dose, adaptive design, inpatient study
to assess the safety and tolerability of KarXT in normal healthy volunteers aged 18 to 60
years. Subjects signed the informed consent and underwent Screening assessments on

Days -21 to -1. Upon successfully completing all Screening assessments, subjects returned to
the study clinic on Day O for baseline safety assessments and enrollment into the study and
were randomized 3:1 in each cohort into one of two treatment arms: KarXT or placebo.
Subjects were assigned to 1 of 4 cohorts (Cohort 1, 2, 3, or 4).

[0246] Study drug was administered BID on Days 1 through 7. A combination dosage
formulation of both xanomeline and trospium was used in all cohorts. All cohorts began with
a 2-day lead-in of KarXT 50/20 BID (for subjects randomized to active treatment); after the
2-day lead-in period, the unblinded pharmacist dispensed the study drug to each subject per
the subject’s randomization assignment for 5 days of specified cohort dosing, for a total of 7
days of treatment. Matching placebo was administered throughout the study to maintain the
blind. A sentinel group was introduced to the study for Cohorts 2 to 4 and was monitored for
safety and tolerability by the Data Safety Evaluation Group (DSEG), such that about 30% of
the proposed cohort was treated and assessed for safety before the rest of the cohort was
dosed. Subjects and study clinic staff were blinded to treatment. The Dose Selection
Committee (DSC) was unblinded to decide dosing for subsequent treatment groups.

[0247] Serial blood samples for the PK assessment of xanomeline and trospium were drawn
on Days 1, 3, and 7. More blood was sampled at routine intervals for monitoring trough
concentrations of xanomeline and trospium and clinical laboratory assessments. On Day 1,
saliva volume was collected twice. A saliva volume was measured predose on Day 1 and then
daily (afternoon) on Days 1 through 7 at about the same time of day to avoid diurnal
variations. Other assessments included pupil size measurements and Bristol stool scale
assessments. Subjects remained in the study clinic for the full duration of treatment (7 days).
Following a safety assessment on Day 8, subjects were discharged from the study clinic, and
asked to return about 14 days after administration of study drug for a final safety assessment.
[0248] During the study, following the 2-day lead-in of KarXT 50/20 BID (for subjects

randomized to active treatment) in each cohort, subjects were dosed as follows:
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e In Cohort 1, subjects completed Days 3 through 7 of dosing of KarXT 100/20 BID (total
daily dose (TDD) of 200 mg xanomeline plus 40 mg trospium) or placebo.

s In Cohort 2, the sentinel group (Group 2a) discontinued dosing after the Day 4 morning
dose. The dosage for subjects in Cohort 2 was KarXT 150/20 BID (TDD of 300 mg
xanomeline plus 40 mg trospium) or placebo. Dosing of Cohort 2 was discontinued
(DSEG decision based on observed tolerability concerns). The study proceeded to dosing
of the Cohort 3 sentinel group (Group 3a) as the DSC determined that further dosing of
Cohort 2 with KarXT 150/20 BID was unlikely to be tolerated well enough to warrant
further developing this dose combination for a clinical population.

s In Cohort 3, the sentinel group (Group 3a) completed Days 3 through 7 of dosing
of KarXT 150/40 BID (TDD of 300 mg xanomeline plus 80 mg trospium) or placebo.
The second group in Cohort 3 (Group 3b) discontinued dosing after the Day 5 morning
dose.

s In Cohort 4, the sentinel group (Group 4a), the second group (Group 4b), and the
remaining group (Group 4c) completed Days 3 through 7 of dosing of KarXT 125/40 BID
(TDD of 250 mg xanomeline plus 80 mg trospium) or placebo.

[0249] Ninety-six subjects were planned, 248 subjects were screened, 69 subjects were

randomized, 51 subjects completed the study, and 18 subjects discontinued the study. The

population included male and female healthy subjects aged 18 to 60 years at screening with a

body mass index of 18 to 40 kg/m?. Subjects were excluded from the study if they had a

history of irritable bowel syndrome or serious constipation requiring treatment within 6

months before Screening. Subjects were also excluded from the study if they had a history or

presence of any disease or condition, including psychiatric or neurological diseases that, in
the Investigator’s opinion, would have jeopardized the subject’s safety or the study’s validity.

Table 21 summarizes the demographics and baseline characteristics by treatment group. The

demographic and baseline characteristics were consistent between the Safety Population and

the PK Population.

Table 21: Summary of Demographics and Baseline Characteristics by Treatment

Group - Safety Population
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Characteristic Cohort 1 Cohort 2 Cohort 3 Cohort4 | Placebo Total
Category/Statistic KarXT KarXT KarXT KarXT
100/20 BID | 150/20 BID 150/40 BID 125/40
(1] [2] BID
n 18 5 12 18 16 69
Mean (SD) 42.0 39.0(8.80) | 38.2(9.4) 39.8 379 39.6
(12.9) (9.56) | (10.61) | (10.51)
Gender — n (%)
Male 11 (61.1) 3 (60.0) 5(41.7) 9 (50.0) 13 41
81.3) | (594)
Female 7 (38.9) 2 (40.0) 7 (58.3) 9(50.0) [3(18.8) 28
(40.6)
Race —n (%)
White 8(44.4) 1(20.0) 7 (58.3) 6(33.3) [4(25.0) 26
(377
Black or African 9 (50.0) 4 (80.0) 50@1.7) | 12(66.7) 12 42
American (75.0) | (60.9)
Asian 0 (0.0) 0(0.0) 0 (0.0) 0(0.0) | 0(0.0) | 0(0.0)
American Indian 0(0.0) 0 (0.0) 0 (0.0) 0(0.0) | 0(0.0) [ 0(0.0)
or Alaska Native
Native Hawaiian 0(0.0) 0 (0.0) 0 (0.0) 0(0.0) | 0(0.0) [ 0(0.0)
or Other Pacific
Islander
Other 1(5.6) 0 (0.0) 0(0.0) 0.0 |00 (1014
Ethnicity — n (%)
Hispanic or 2(11.1) 1(20.0) 2(16.7) 2(11.1) | 1(6.3) 8
Latino (11.6)
Not Hispanic or 16 (88.9) 4 (80.0) 10(83.3) | 16 (88.9) 15 61
Latino (93.8) | (88.4)
Baseline weight (kg)
Mean (SD) 81.8 81.0 81.3 73.5 77.6 78.5
(15.0) (12.1) (13.6) 8.9 (10.3) | (12.2)
Baseline height (cm)
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Mean (SD) 172.5 168.8 170.7 166.1 172.1 170.1
(9.5) (5.8) (10.1) 68 | 88 | 88

Baseline body mass index (kg/m?)
Mean (SD) 27.4 28.4 27.8 26.7 26.3 27.1
(3.8) (3.8) 3.7) G2 | 371 | 36

1. Cohort 2 sentinel group (5 subjects randomized to KarXT 150/20 BID and 1 subject
randomized to placebo) was discontinued after the Day 4 morning dose.
2. During the study, Cohort 3 Group 3b (8 subjects randomized to KarXT 150/40 BID and

1 subject randomized to placebo) was discontinued after the Day 5 moming dose.

[0250] Serial blood samples for assessing the PK of xanomeline and trospium were collected
from all subjects in each cohort on Days 1, 3, and 7 before the morning dose and at 1, 2, 3, 4,
6, 8, 10, and 12 hours after the morning dose. The PK parameters listed below were
calculated from the individual xanomeline and trospium concentration-time profiles by
standard non-compartmental methods. Dose-normalized parameters were calculated for Cmax
and area under the concentration-time curve (AUC) values. During the study, additional
blood samples for monitoring trough concentrations of xanomeline and trospium

were collected on Days 2, 4, 5, and 6 before the morning dose and before discharge on Day 8.
[0251] Safety evaluations included spontaneously reported adverse events, ECGs, laboratory
assessments, vital signs, assessments of saliva volumes, Bristol stool scale, pupil size, and
physical examinations. Descriptive statistics (n, mean, standard deviation, median, minimum,
and maximum) summarized the continuous data by treatment group. Geometric mean (GM),
geometric percent coefficient of variation (CV%), quartiles, or box plots were generated. The
count and frequency tabulated categorical measurements, although formal statistics were not
conducted.

[0252] Treatment groups were summarized as follows unless otherwise specified: KarXT
50/20 BID (for adverse events and Day 1 PK summaries only), KarXT 100/20 BID, KarXT
125/40 BID, KarXT 150/20 BID, KarXT 150/40 BID, and placebo (Empty Vcaps® Plus
Capsules and Capsugel®; all cohort placebo groups combined). The safety evaluation was
based on spontaneously reported adverse events, ECGs, laboratory assessments, and vital
signs. Exploratory analyses of saliva volumes, Bristol stool scale, and pupil size were also

conducted.
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[0253] Xanomeline was well absorbed into systemic circulation following oral administration
of the KAR-003 formulation at all dosages. Peak concentrations of xanomeline were
observed at a median time of 2 hours across all treatment groups and study days.

[0254] Median t1/2 values for xanomeline were similar between treatment groups and across
study days, indicating that t12 was not dose-dependent. Median t1» ranged from 3.4 to 5.8
hours.

[0255] GM xanomeline exposures did not increase dose-proportionally on Day 3 from 100 to
150 mg when xanomeline was administered with 20 mg trospium, or from 125 to 150 mg
when administered with 40 mg trospium. Lower xanomeline exposures were observed
following treatment with KarXT 150/40 compared to KarXT 125/40. Day 3 GM xanomeline
exposures (Cmax, AUCo-last, and AUCo-12nr) were similar when the 150 mg xanomeline dose
was administered with 20 and 40 mg trospium. On Day 7, GM xanomeline exposures
increased slightly more than dose-proportionally from 125 to 150 mg when xanomeline was
administered with 40 mg trospium.

[0256] Minimal to no xanomeline accumulated in plasma from Day 3 to Day 7 following
treatment with KarXT 100/20 BID and KarXT 125/40 BID; however, there was accumulation
following administration of KarXT 150/40 BID in 3 of the 4 subjects who completed the
study. The mean accumulation ratios for the KarXT 150/40 BID group were 366.2% for
RAUC and 445.4% for RCmax.

Example 6 — Xanomeline pharmacokinetics of KAR-003 compared to KAR-001

[0257] Comparing xanomeline GM exposures between KAR-001 (75 mg xanomeline TID
+20 mg trospium BID) and the KarXT 100/20 BID group from KAR-003 showed that Cmax
values and AUCo-6nr (KAR-003) or AUCo-tau (KAR-001) values were greater in KAR-003
(Days 3 and 7) than the corresponding exposures from KAR-001 (Days 3 and 9). The median
Tmax was observed at 2 hours in both studies and both days (Days 3 and 9 for KAR-001, and
Days 3 and 7 for KAR-003). These data indicate that the KarXT formulation enhanced
xanomeline exposures.

[0258] Trospium was absorbed into systemic circulation following oral administration of the
KarXT formulation at all dosages. Peak concentrations of trospium were observed at a
median time of 1.0 hour across all treatment groups and study days.

[0259] Median ti/2 values for trospium were similar between treatment groups on Day 3, with

values ranging between 4.1 and 4.8 hours. On Day 7, median t12 values were similar for the
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KarXT 100/20 BID (4.9 hours) and KarXT 125/40 BID (4.5 hours) treatments, but were
slightly longer for the KarXT 150/40 BID group (7.1 hours).

[0260] GM trospium exposures increased in slightly less than dose-proportionally on Day 3
from 20 to 40 mg when administered with 150 mg xanomeline. Day 3 GM trospium
exposures (Cmax, AUCo-ast, and AUCo-120r) were greater when the 20 mg BID dose of
trospium was administered with 100 mg BID xanomeline compared to 150 mg BID
xanomeline. Day 3 GM trospium exposures were similar when the 40 mg trospium BID dose
was given with 125 mg xanomeline BID and 150 mg xanomeline BID.

[0261] Trospium did not accumulate in plasma from Day 3 to Day 7 following administration
of KarXT 100/20 BID, KarXT 125/40 BID, and KarXT 150/40 BID. Trospium accumulated
in plasma from Day 1 to Day 7 for the KarXT 100/20 BID group. Mean Day 7/Day 1
accumulation ratios were 348.7% (RAUC) and 379.9% (RCmax).

[0262] Comparing trospium GM exposures between KAR-001 and the KarXT 100/20 BID
group from KAR-003 showed that Cmax and AUCo-12nr values from KAR-003 were greater
than the corresponding exposures from KAR-001 on both days (Days 3 and 9 for KAR-001
and Days 3 and 7 for KAR-003). The median Tmax for trospium was observed at 1.0 hour in
both studies on both days. These data indicate that the KarXT formulation enhanced trospium
exposures.

[0263] All cohorts of KAR-003 started with a 2-day lead-in period of KarXT 50/20 BID for
subjects randomized to KarXT. FIG. 42 presents the mean (+ SD) xanomeline PK
concentrations, and Table 22 summarizes xanomeline PK parameters on Day 1 for

KarXT 50/20 BID treatment of all cohorts for the PK Population. No sample collected before
administering the first dose of xanomeline on Day 1 displayed measurable concentrations of
xanomeline. Concentrations of xanomeline were quantifiable (>50 pg/mL) at all time points

after administering the Day 1 moming dose through 12 hours.

Table 22: Xanomeline PK Parameters on Day 1 for KarXT 50/20 BID (All Cohorts)

Characteristic n Statistic
Crmax (pg/mL) 53 1972.3 (131.8)
Tumax (h) 53 2.0 (1.0, 8.0)
t12 (h) 48 3.4(2.0, 4.6)
AUCo-1ast (h*pg/mL) 53 10775.5 (102.2)
AUCo-i2tr (h*pg/mL) 52 10810.3 (103.5)
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AUCo-inf (h*pg/mL) 48 12836.1 (97.7)

[0264] FIG. 43 presents the mean (+ SD) xanomeline PK concentrations by treatment on Day
3 for the PK population, and Table 23 summarizes these parameters. Concentrations of
xanomeline were quantifiable in samples before administering the morming dose of study
drug on Day 3 and at all time points after administering the Day 3 morning dose through 12
hours for all cohorts, except for one subject who had a xanomeline plasma concentration
<50.0 pg/mL at 12 hours post-dose. Inter-subject variability ranged from 23.7% to 58.2%
(CV %) for Tmax, 79.8% to 136.3% (geometric CV%) for Cmax, 21.6% to0 26.3% (CV %) for
112, and 77.1% to 96.1% (geometric CV%) for AUCo-12nr across the four treatment groups.
The median Tmax for xanomeline on Day 3 was 2 hours for the KarXT 100/20 BID,

KarXT 125/40 BID, KarXT 150/20 BID, and KarXT 150/40 BID groups. Individual Tmax
values ranges from 1.0 to 6.0 hours across the four treatment groups. The ti12 was estimated in
51 of 53 subjects, in contrast to the previous study, KAR-001, where the elimination phase
was not well characterized. The median ti2 on Day 3 for xanomeline was numerically similar
across the four treatment groups. Median t12 ranged from 3.4 to 4.3 hours. Individual ti»2

values ranged from 2.4 to 8.6 hours across the four treatment groups.

Table 23: Xanomeline PK Parameters by Treatment on Day 3

Cohort 1 Cohort 2 Cohort 3 Cohort 4
KarXT KarXT KarXT KarXT
100/20 BID 150/20 BID 150/40 BID 125/40 BID
Statistic n Statistic n Statistic n Statistic n Statistic
(2] (2] (2] (2]
Cumax 18 7368.4 5 7270.0 12 7866.7 18 8098.8
(pg/mL) (106.2) (79.8) (136.3) (99.1)
Tmax (h) 18 2.0(1.0, 5 2020, 12 {2020, 18 | 20(.0,
3.0) 4.0) 6.0) 6.0)
t12 (h) 17 39(.0, 5 3424, 12 | 3626, 17 | 43(3.1,
5.8) 43) 6.1) 8.6)
AUCoHast 18 42003.4 5 48031.1 12 | 39092.3 18 | 43450.2
(h*pg/mL) (86.9) (92.0) (96.1) (74.4)
AUCo-120r 17 40912.1 5 48132.2 | 12 | 39403.3 17 | 43164.7
(h*pg/mL) (88.8) (92.0) (96.1) (77.1)
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Dose-normalized 18 73.7 5 48.5 12 52.4 18 64.8

Cmax (pg/mL/mg) (106.2) (79.8) (136.3) (99.1)
Dose-normalized 18 420.0 5 320.2 12 260.6 18 347.6
AUCo-1ast (86.9) (92.0) (96.1) (74.4)
(h*pg/mL/mg)

Dose-normalized 17 409.1 5 320.9 12 262.7 17 3453
AUCo-12nr (88.8) (92.0) (96.1) (77.1)
(h*pg/mL/mg)

Geometric CV%=100*(exp(SD?)-1)*°, where SD was the SD of the log-transformed data.

1. Cohort 2 sentinel group (5 subjects randomized to KarXT 150/20 BID and 1 subject
randomized to placebo) was discontinued after the Day 4 morning dose.

2. During the study, Cohort 3 Group 3b (8 subjects randomized to KarXT 150/40 BID and

1 subject randomized to placebo) was discontinued after the Day 5 moming dose.

[0265] When KarXT was administered BID, as the xanomeline dose increased from 100 mg
(Cohort 1) to 150 mg (Cohort 2) without changing the trospium dose (20 mg), the Day 3
dose-normalized GM exposures (dose-normalized GM Cmax and dose-normalized GM AUCo-
tast and AUCo-121r) for xanomeline decreased. Similarly, as the xanomeline dose increased
from 125 mg (Cohort 4) to 150 mg (Cohort 3) without changing the trospium dosage (40
mg), the Day 3 dose-normalized GM exposures for xanomeline decreased slightly (i.e.
xanomeline exposures were lower following treatment with KarXT 150/40 BID compared to
treatment with KarXT 125/40 BID). Comparing xanomeline exposures following
administration of 150 mg xanomeline BID with either 20 or 40 mg trospium BID showed that
the Day 3 GM, Cax, AUCo4ast, and AUCo-12nr for xanomeline were similar.

[0266] FIG. 44 presents the mean (+ SD) xanomeline PK concentrations by treatment on
Day 7 for the PK population, and Table 24 summarizes these parameters. Concentrations of
xanomeline were quantifiable in samples collected before administering the morning dose of
study drug on Day 7 and at all time points after the Day 7 morning dose through 12 hours for
the KarXT 100/20 BID, KarXT 125/40 BID, and KarXT 150/40 BID groups. Inter-subject
variability ranged from 38.3% to 47.9% (CV%) for Tmax, 81.4% to 106.8% (geometric CV%)
for Cmax, 15.4% to 42.1% (CV %) for t12, and 45.2% to 71.2% (geometric CV%) for AUCo-
12nr across the KarXT 100/20 BID, KarXT 150/40 BID, and KarXT 125/40 BID groups. The
median Tmax for xanomeline on Day 7 was 2.0 hours for the KarXT 100/20 BID,
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KarXT 125/40 BID, and KarXT 150/40 BID groups. Individual Tmax values ranged from 0.0
10 6.0 hours across the KarXT 100/20 BID, KarXT 150/40 BID, and KarXT 125/40 BID
groups. The median ti2 for xanomeline on Day 7 was numerically similar for the KarXT
100/20 BID, KarXT 125/40 BID, and KarXT 150/40 BID groups. Median ti/2 for xanomeline
ranged from 4.6 to 5.8 hours. Individual ti2 values ranged from 3.6 to 14.0 hours across the

KarXT 100/20 BID, KarXT 150/40 BID, and KarXT 125/40 BID groups.

Table 24: Xanomeline PK Parameters by Treatment on Day 7

Cohort 1 Cohort 2 Cohort 3 Cohort 4
KarXT 100/20 KarXT KarXT KarXT
BID 150/20 BID 150/40 BID 125/40 BID
Statistic n Statistic n Statistic n Statistic n Statistic
(1] (1] (1] (1]
Cmax (pg/mL) 16 | 8373.6 | N/A N/A 4 18191.3 18 8112.7
(94.3) (81.4) (106.8)
Tmax (h) 16 2.0 N/A N/A 4 2.0 18 2.0
(0.0, (1.0, 3.0) (1.0,
3.0) 6.0)
ti2 (h) 15 5.4 N/A N/A 4 4.6 17 5.7
(3.6, (3.9, 5.6) (4.0,
9.9) 14.0)
AUCoHast 16 | 53810.8 [ N/A N/A 4 86347.8 18 | 52727.0
(h*pg/mL) (89.8) (45.3) (76.7)
AUCo-120r 15 | 48138.3 | N/A N/A 4 86540.9 17 | 599451
(h*pg/mL) (71.2) (45.2) (45.9)
Dose-normalized | 16 83.7 N/A N/A 4 121.3 18 64.9
Cmax (pg/mL/mg) (94.3) (81.4) (106.8)
Dose-normalized | 16 | 538.1 N/A N/A 4 575.7 18 421.8
AUCo-tast (89.8) (45.3) (76.7)
(h*pg/mL/mg)
Dose-normalized | 15 481.4 | N/A N/A 4 576.9 17 479.6
AUCo-12hr (71.2) (45.2) (45.9)
(h*pg/mL/mg)
Geometric CV%=100*(exp(SD?)-1)**, where SD was the SD of the log-transformed
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data.

1. Cohort 2 sentinel group (5 subjects randomized to KarXT 150/20 BID and 1 subject
randomized to placebo) was discontinued after the Day 4 moming dose.

2. During the study, Cohort 3 Group 3b (8 subjects randomized to KarXT 150/40 BID
and 1 subject randomized to placebo) was discontinued after the Day 5 morning

dose.

[0267] When KarXT was administered BID, as the xanomeline dose increased from 125 mg
(Cohort 4) to 150 mg (Cohort 3) without changing the trospium dosage (40 mg), the Day 7
dose-normalized GM exposures (dose-normalized GM Cmax, AUCo-1ast and AUCo-121r) for
xanomeline increased.

[0268] Table 25 summaries xanomeline PK accumulation ratios (Day 7/Day 3) by treatment
for the PK population. Based upon mean accumulation ratios of xanomeline following
treatment with KarXT 100/20 BID (Cohort 1) and KarXT 125/40 BID (Cohort 4), minimal to
no xanomeline accumulated in plasma from Day 3 to Day 7. Mean accumulation ratios for
the KarXT 100/20 BID group were 133.4% for RAUC and 130.5% for RCmax, and for the
KarXT 125/40 BID group were 143.9% for RAUC and 151.0% for RCmax. Only one subject
in the KarXT 100/20 BID group showed lower exposures on Day 7 compared to Day 3. In
contrast, xanomeline accumulated moderately in three of the four subjects in the KarXT
150/40 BID group who completed the study. The other subject in the KarXT 150/40 BID
group showed similar exposures on Days 3 and 7. The mean accumulation ratios for the

KarXT 150/40 BID group were 366.2% (RAUC) and 445.4% (RCmax).

Table 25: Xanomeline PK Accumulation Ratios (Day 7/Day 3) by Treatment

Cohort 1 Cohort 2 Cohort 3 Cohort 4
KarXT KarXT 150/20 KarXT KarXT
100/20 BID BID [1] 150/40 BID [2] 125/40 BID
Statistic n Mean n Mean n Mean n Mean
(SD) (SD) (SD) (SD)
RAUC (%) 14 133.4 N/A N/A 4 366.2 16 143.9
45.1) (N/A) (321.3) (80.9)
RCumax (%) 16 130.5 N/A N/A 4 445 .4 18 151.0
(55.1) (N/A) (537.0) (122.7)
RAUC=100*Day 7 AUCo-12n/Day 3 AUCo-12tr. RCmax=100*Day 7 Cmax/'Day 3 Cmax.
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1. Cohort 2 sentinel group (5 subjects randomized to KarXT 150/20 BID and 1 subject
randomized to placebo) was discontinued after the Day 4 morning dose.
2. During the study, Cohort 3 Group 3b (8 subjects randomized to KarXT 150/40 BID and

1 subject randomized to placebo) was discontinued after the Day 5 moming dose.

[0269] FIG. 45 compares the mean (+ SD) xanomeline PK concentration-time profiles by
treatment and visit (Day) for the PK population. FIG. 46 presents mean (+ SD) xanomeline
PK trough concentrations by treatment for the PK population. Attaining steady state was not
assessed.

[0270] Comparing xanomeline GM exposures between KAR-001 (75 mg xanomeline TID +
20 mg trospium BID) (Table 23) and the KarXT 100/20 BID group from KAR-003 (Table 21)
showed that Cmax values and AUCo-str (KAR-003) or AUCo-t2u (AUC from time 0 to 6 hours)
values (KAR-001) values on Day 3 for the KarXT 100/20 BID group (KAR-003) were about
2.3 to 2.6-fold greater than corresponding exposures from KAR-001 on Day 3.

[0271] Comparing Day 7 GM exposures for xanomeline for the KarXT 100/20 BID group
from KAR-003 (Table 22) with Day 9 exposures from the xanomeline alone and xanomeline
+ trospium arms from KAR-001 (Table 23) showed that values on Day 7 for the KarXT
100/20 BID group (KAR-003) were about 1.4 to 1.8-fold greater than corresponding
exposures from KAR-001 on Day 9. The median Tmax was 2.0 hours on Day 3 and Day 7 for
KAR-003 (Table 22) and Day 3 and Day 9 for KAR-001 (Table 23). These data indicate that
the KAR-003 formulation provided sufficient exposures and PK properties.

[0272] Table 26 summarizes a subset of KAR-003 xanomeline PK parameters for the KarXT
100/20 BID group on Day 3 and Day 7 for the PK Population. Table 27 presents a summary
of a subset of KAR-001 xanomeline PK parameters for the treatments of KAR-001 on Day 3
and Day 9 for the PK Population.

Table 26: Subset of Xanomeline PK Parameters KarXT 100/20 BID on Days 3 and 7

KAR-003 PK Cohort 1 - KarXT 100/20 BID Cohort 1 - KarXT 100/20 BID
Parameter Day 3 Day 7
Statistic n Statistic [1] n Statistic [1]
Crmax (pg/mL) 18 7368.4 (106.2) 16 8373.6 (94.3)
Tmax (h) 18 2.0(1.0,3.0) 16 2.0(0.0, 3.0)
AUCo-6hr (h*pg/mL) 18 28564.2 (88.2) 16 35129.1 (85.2)
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Table 27: Subset Xanomeline PK Parameters for KAR-001 on Days 3 and 9

KAR-001 PK Xanomeline Alone [1] Xanomeline + Trospium [2]
Parameter Day3 Day 9 Day3 Day 9
Statistic n Statistic n Statistic n Statistic n Statistic [3]
3] 3] [3]
Cmax (pg/mL) 32 2951.1 31 4572.6 34 3043.0 32 4698.5
107.7) (123.5) (84.5) (99.5)
Tmax (h) 32 2.0 31 2.0 34 2.0 32 [2.0(1.0,4.0)
(2.0,5.9) (0.0,5.9) (1.0,
5.9)
AUCo-tau 11 | 12585.1 | 21 | 24808.6 17 | 11638.8 22 20347.9
(h*pg/mL) (132.4) (85.4) (71.3) (107.3)

Geometric CV%=100*(exp(SD?)-1)*°, where SD was the SD of the log-transformed data.
In KAR-001, xanomeline dosing started on Day 3. Hence Day 3 is the first day of
xanomeline dosing and Day 9 is the seventh day of xanomeline dosing.

1. In KAR-001, the xanomeline-alone treatment arm received 2 placebo capsules TID
during the 2-day lead-in phase, then xanomeline 75 mg TID (TDD 225 mg) and placebo
on Days 3 through 9.

2. In KAR-001, the xanomeline plus trospium arm received trospium 20 mg BID (TDD 40
mg) and placebo BID; and 2 placebo capsules QD during the 2-day lead-in phase; then
xanomeline 75 mg TID and trospium 20 mg BID (TDD 40 mg) and placebo QD on
Days 3 through 9.

3. Statistics for parameters presented as geometric mean (geometric CV%), except for

Tmax, which is presented as the median with minimum and maximum values.

[0273] FIG. 47 presents mean (+ SD) trospium PK concentrations on Day 1 for the KarXT
50/20 BID treatment (all cohorts) for the PK population, and Table 28 summarizes these
parameters. No samples collected before administering the first dose of trospium on Day 1
displayed measurable concentrations of trospium. Concentrations of trospium were
quantifiable (>20 pg/mL) at all time points after administration of the Day 1 moming dose
through 12 hours.

Table 28: Trospium PK Parameters on Day 1 for KarXT 50/20 BID (All Cohorts)

Statistic n Statistic [1]
Cmax (pg/mL) 53 1824.7 (98.7)
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Tumax (h) 53 1.0 (1.0, 10.0)
t12 (h) 26 45(3.2,5.1)
AUCo-1ast (h*pg/mL) 53 10286.5 (86.3)
AUCo-i2tr (h*pg/mL) 49 10623.7 (78.5)
AUCont (h*pg/mL) 26 16526.6 (70.6)

Geometric CV%=100*(exp(SD?)-1)**, where SD was the SD of the log-transformed data.
1. Statistics for parameters are presented as geometric mean (geometric CV%), except for

1172 and Tmax, which are presented as medians with minimum and maximum values.

[0274] FIG. 48 presents mean (+ SD) trospium PK concentrations by treatment on Day 3

for the PK population, and Table 29 summarizes these parameters. Concentrations of

trospium were quantifiable in samples collected before administering the morning dose of

study drug on Day 3 and at all time points after administering the Day 3 morning dose

through 12 hours for all treatment groups (except for one subject who had a trospium plasma

concentration <20.0 pg/mL at 12 hours post-dose. Inter-subject variability ranged from 0.0%

10 83.0% (CV %) for Tmax, 54.8% to 80.7% (geometric CV%) for Cmax, 9.1% to 34.0% (CV%)

for t12, and 59.0% to 67.6% (geometric CV%) for AUCo-121r across the four treatment groups.

Table 29: Trospium PK Parameters by Treatment on Day 3

Cohort 1 KarXT Cohort 2 Cohort 3 Cohort 4
100/20 BID KarXT KarXT KarXT
150/20 BID [1] 150/40 BID [2] 125/40 BID
Statistic [3] n Statistic n Statistic n Statistic n Statistic
Crmax (pg/mL) 18 5705.6 5 3109.0 12 9838.7 18 8496.4
(80.7) (54.8) (67.3) (74.9)
Tmax (h) 18 1.0 5 1.0 12 1.0 18 1.0
(1.0, 3.0) (1.0, 1.0) (1.0, 2.0) (1.0, 6.0)
t12 (h) 18 4.8 5 4.6 12 4.1 18 42
(3.3,7.6) (4.3,5.3) (3.0, 8.0) (2.8,9.0)
AUCoHast 18 29175.4 5 17560.8 12 43581.1 | 18 | 462142
(h*pg/mL) (59.0) (64.8) (64.4) (67.5)
AUCo-120r 18 29253.9 5 17612.9 12 440726 | 18 | 463333
(h*pg/mL) (59.0) (64.8) (64.3) (67.6)
Dose-normalized | 18 285.3 5 155.5 12 246.0 18 212.4
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Cmax (pg/mL/mg) (80.7) (54.8) (67.3) (74.9)
Dose-normalized | 18 1458.8 5 878.0 12 1089.5 | 18 1155.4
AUCo-1ast (59.0) (64.8) (64.4) (67.5)
(h*pg/mL/mg)

Dose-normalized | 18 1462.7 5 880.6 12 1101.8 | 18 1158.3
AUCo-12nr (59.0) (64.8) (64.3) (67.6)
(h*pg/mL/mg)

Geometric CV%=100*(exp(SD?)-1)*°, where SD was the SD of the log-transformed data.

1. Cohort 2 sentinel group (5 subjects randomized to KarXT 150/20 BID and 1 subject
randomized to placebo) was discontinued after the Day 4 morning dose.

2. During the study, Cohort 3 Group 3b (8 subjects randomized to KarXT 150/40 BID and
1 subject randomized to placebo) was discontinued after the Day 5 moming dose.

3. Statistics for parameters presented as geometric mean (geometric CV%), except for t12

and Tmax, which are presented as medians with minimum and maximum values.

[0275] The median Tmax for trospium on Day 3 was 1.0 hour for the KarXT 100/20 BID,
KarXT 125/40 BID, KarXT 150/20 BID, and KarXT 150/40 BID groups. Individual Tmax
values ranged from 1.0 to 6.0 hours across the 4 treatment groups. The median t1/2 for
trospium on Day 3 was numerically similar across the 4 treatment groups; median ti» ranged
from 4.1 to 4.8 hours. Individual t12 values ranged from 2.8 to 9.0 hours across the

4 treatment groups.

[0276] When KarXT was administered BID, as the trospium dose increased from 20 mg
(Cohort 2) to 40 mg (Cohort 3) without changing xanomeline dose (150 mg), the Day 3 dose-
normalized GM exposures for trospium increased. Comparing Day 3 trospium exposures
following administration of 20 mg trospium BID with either 100 mg (Cohort 1) or 150 mg
(Cohort 2) xanomeline BID showed that GM Cmax, AUCo-last, and AUCo-121r for trospium were
greater when the 20 mg BID dose of trospium was administered with 100 mg xanomeline
BID compared to 150 mg xanomeline BID.

[0277] Similarly, comparing trospium exposures following administration of 40 mg trospium
BID with either 125 mg (Cohort 4) or 150 mg (Cohort 3) xanomeline BID showed that the
GM Cmax, AUCo-last, and AUCo-12n for trospium were generally similar when trospium was

administered with 125 and 150 mg xanomeline BID on Day 3.
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[0278] FIG. 49 presents mean (+ SD) trospium PK concentrations by treatment on Day 7

for the PK population, and Table 30 summarizes the parameters. Concentrations of trospium

were quantifiable in samples collected before administering the moming dose of study drug

on Day 7 and at all time points after the Day 7 morning dose through 12 hours for the KarXT
100/20 BID, KarXT 125/40 BID, and KarXT 150/40 BID groups. Inter-subject variability
ranged from 0.0% to 86.3% (CV%) for Tmax, 51.2% to 93.8% (geometric CV %) for Cmax,
23.0% to 44.5% (CV %) for t12, and 59.4% to 76.7% (geometric CV%) for AUCo-121r across

the KarXT 100/20 BID, KarXT 150/40 BID, and KarXT 125/40 BID groups.
Table 30: Trospium PK Parameters by Treatment on Day 7

Cohort 1 Cohort 2 Cohort 3 Cohort 4
KarXT KarXT KarXT KarXT
100/20 BID 150/20 BID [1] 150/40 BID [2] 125/40 BID
Statistic [3] n Statistic n Statistic n Statistic n Statistic
Cmax (pg/mL) 16 74949 | N/A N/A 4 9588.0 1 7213.8
(88.3) (N/A) (51.2) 8 (93.8)
Tmax (h) 16 1.0 N/A N/A 4 1.0 1 1.0
(0.0, 1.0) (1.0,1.0) | 8 | (0.0, 6.0)
tiz (h) 16 4.9 N/A N/A 4 7.1 1 4.5
3.1,7.1) (44,82) | 8 [ (37,119
AUCo-ast 16 | 40377.8 | N/A N/A 4 418652 | 1 [ 44998.6
(h*pg/mL) (69.3) (N/A) (59.4) 8 (76.7)
AUCo-12nr 16 | 40488.0 | N/A N/A 4 419976 | 1 | 45137.6
(h*pg/mL) (69.3) (N/A) (59.4) 8 (76.7)
Dose-normalized | 16 374.7 N/A N/A 4 239.7 1 180.3
Crmax (88.3) (N/A) (51.2) 8 (93.8)
(pg/mL/mg)
Dose-normalized | 16 20189 | N/A N/A 4 1046.6 1 1125.0
AUCo-ast (69.3) (N/A) (59.4) 8 (76.7)
(h*pg/mL/mg)
Dose-normalized | 16 2024.4 | N/A N/A 4 1049.9 1 1128.4
AUCo-12nr (69.3) (N/A) (59.4) 8 (76.7)
(h*pg/mL/mg)

Geometric CV%=100*(exp(SD?)-1)*°, where SD was the SD of the log-transformed data.
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1. Cohort 2 sentinel group (5 subjects randomized to KarXT 150/20 BID and 1 subject
randomized to placebo) was discontinued after the Day 4 morning dose.

2. During the study, Cohort 3 Group 3b (8 subjects randomized to KarXT 150/40 BID and
1 subject randomized to placebo) was discontinued after the Day 5 moming dose.

3. Statistics for parameters presented as geometric mean (geometric CV%), except for t12

and Tmax, which are presented as medians with minimum and maximum values.

[0279] The median Tmax for trospium on Day 7 was 1.0 hour for the KarXT 100/20 BID,
KarXT 125/40 BID, and KarXT 150/40 BID treatments. Individual Tmax values ranged from
0.0 to 6.0 hours across the KarXT 100/20 BID, KarXT 150/40 BID, and KarXT 125/40 BID
groups.

[0280] The median ti/2 for trospium on Day 7 was similar for the KarXT 100/20 BID

(4.9 hours) and KarXT 125/40 BID (4.5 hours) groups. The median ti2» was 7.1 hours for the
KarXT 150/40 BID group. Individual ti2 values ranged from 3.1 to 11.9 hours across the
KarXT 100/20 BID, KarXT 150/40 BID, and KarXT 125/40 BID groups.

[0281] As observed on Day 3, comparing Day 7 trospium exposures following administration
of 40 mg trospium BID with either 125 mg (Cohort 4) or 150 mg (Cohort 3) xanomeline BID
showed that the GM Cmax, AUCo-tast, and AUCo-12nr for trospium were similar when trospium
was adminstered with 125 and 150 mg xanomeline BID.

[0282] Table 31 summarizes trospium PK accumulation ratios (Day 7/Day 3; Day 7/Day 1)
by treatment for the PK Population. Based upon mean trospium PK accumulation ratios,
trospium accumulated minimally in the plasma from Day 3 to Day 7 following administration
of KarXT 100/20 BID (Cohort 1), and had little to no accumulation following administration
of KarXT 125/40 BID (Cohort 4) and KarXT 150/40 BID (Cohort 3). Two subjects showed
lower exposures on Day 7 compared to Day 3 in the KarXT 100/20 BID group.

[0283] Accumulation ratios from Day 3 to Day 7 varied widely between subjects in the
KarXT 125/40 BID and KarXT 150/20 BID groups. Mean accumulation ratios ranged from
108.6% to 141.4% for RAUC and from 111.0% to 135.8% for RCmax. Trospium accumulated
moderately in the plasma from Day 1 to Day 7 for the KarXT 100/20 BID group. All but one
subject showed higher trospium exposures on Day 7 compared to Day 1. Mean accumulation
ratios were 348.7% for RAUC and 379.9% for RCmax. The possible effect of the increase in
xanomeline dose (from 50 mg BID to 100 mg BID beginning on Day 3) on the PK and
bioavailability of trospium cannot be ruled out as contributing to the increased exposures

from Day 1 to Day 7.
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Table 31: Trospium PK Accumulation Ratios (Day 7/Day 3; Day7/Day 1) by Treatment

Cohort 1 Cohort 2 Cohort 3 Cohort 4
KarXT KarXT KarXT KarXT
100/20 BID 150/20 BID [1] 150/40 BID [2] 125/40 BID
Statistic n Mean n Mean n Mean n Mean
(SD) (SD) (SD) (SD)
Day 7/Day 3
RAUC (%) 16 141.4 N/A N/A 4 108.6 18 125.0
(56.6) (N/A) (39.0) (84.4)
RCmax (%) 16 135.8 N/A N/A 4 111.0 18 119.9
(70.5) (N/A) (67.8) (91.0)
Day 7/Day 1
RAUC (%) 15 348.7 N/A N/A N/A N/A N/A N/A
(242.9) (N/A) (N/A) (N/A)
RCmax (%) 16 379.89 | N/A N/A N/A N/A N/A N/A
(266.0) (N/A) (N/A) (N/A)
1. Pharmacokinetic accumulation ratios of Day7/Day3: RAUC=100*Day 7 AUCo-12n/Day
3 AUCo-12tr. RCmax=100*Day 7 Cmax/Day 3 Cmax.
2. Pharmacokinetic accumulation ratios of Day 7/Day 1: RAUC= 100*Day 7 AUCo.
12h/Day 1 AUCo-120r. RCmax=100*Day 7 Cmax/Day 1 Cmax.
3. Cohort 2 sentinel group (5 subjects randomized to KarXT 150/20 BID and 1 subject
randomized to placebo) was discontinued after the Day 4 morning dose.
4. During the study, Cohort 3 Group 3b (8 subjects randomized to KarXT 150/40 BID and
1 subject randomized to placebo) was discontinued after the Day 5 moming dose.

[0284] FIG. 50 compares mean (+ SD) trospium PK concentration-time profiles by treatment
and visit (Day) for the PK Population. FIG. 51 presents mean (+ SD) trospium PK trough
concentrations by treatment and visit (Day) for the PK Population. Attaining steady state was

not assessed.

Example 7 — Trospium pharmacokinetics of KAR-003 compared to KAR-001

[0285] Comparing GM exposures for trospium from Day 1 of KAR-001 (first dose of
trospium alone with no prior treatment) (Table 33) and Day 1 of KAR-003 (first dose of
xanomeline + trospium with no prior treatment) (Table 32) shows that the trospium exposures

from KAR-003 are about 2.1- to 2.5-fold higher than those obtained from KAR-001.
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Although the comparison of Day 3 GM exposures between studies is not really a head-to-
head comparison (xanomeline dosing did not start until Day 3 in the KAR-003 study), the
number of doses and daily dose of trospium administered to subjects is the same. The Day 3
GM trospium exposures from KAR-003 (Table 32) are also ~2.4- to 3.3-fold higher than
those obtained from KAR-001 (Table 33). Comparing Day 7 GM exposures for trospium for
the KarXT 100/20 BID cohort (Cohort 1) from KAR-003 (Table 32) with Day 9 exposures
from the xanomeline + trospium arm from KAR-001 (Table 33) indicates that exposures were
once again higher (by approximately 3.5- to 4.3-fold) than those obtained from KAR-001.
[0286] The median Tmax for trospium was 1.0 hour on Day 3 and Day 7 for the KarXT 100/20
BID group for KAR-003 and on Day 3 and Day 9 for the xanomeline + trospium arm for
KAR-001. Median Tmax for trospium was lower (1.0 hour) on Day 1 for the KarXT 50/20
BID group (KAR-003) compared to the median Tmax for trospium (3.0 hours on Day 1 for the
trospium alone arm (KAR-001).

[0287] Table 32 summarizes a subset of KAR-003 trospium PK parameters for the

KarXT 50/20 BID treatment (all cohorts) on Day 1 and for the KarXT 100/20 BID treatment
on Day 3 and Day 7 for the PK Population. Table 33 summaries a subset of KAR-001
trospium PK parameters for the trospium-alone treatment on Day 1 and the xanomeline +

trospium treatment on Day 3 and Day 9 for the PK Population.

Table 32: Subset of KAR-003 Trospium PK Parameters for KarXT 50/20 BID (All
Cohorts) on Day 1 and KarXT 100/20 BID on Days 3 and 7

KAR-003 PK Parameter KAR 50/20 BID Cohort 1 - KAR 100/20 BID
Day 1 Day3 Day 7
n Statistic [1] n Statistic [1] n Statistic [1]
Cumax (pg/mL) 53 | 1824.7(98.7) | 18 5705.6 16 7494.9
(80.7) (88.3)
Tomax (h) 53 [ 1.0(.0,100) | 18 [1.0(1.0,3.0)| 16 | 1.0(0.0,
1.0)
AUCo-1ne (h*pg/mL) | 49 [ 10623.7 (78.5)| 18 29253.9 16 | 40488.0
(59.0) (69.3)
AUCo-int (h*pg/mL) 26 [16526.6(70.6) | N/A N/A N/A N/A
1. Statistics for parameters are presented as geometric mean (geometric CV%), except for
Tmax, which is presented as the median with minimum and maximum values.
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Table 33: Subset of Trospium PK Parameters for KAR-001 on Days 1, 3, and 9

Trospium Alone [1] Xanomeline + Trospium [1]
KAR-001 PK
Day 1 Day3 Day 9
Parameter

n Statistic [2] n Statistic [2] n Statistic [2]
Cmax (pg/mL) 33 721.9 (78.2) 34 | 1711.6 (89.8) 33 | 1733.6(124.1)
Tmax (h) 33 3.0(1.0,59) | 34 1.0(1.0, 5.9) 33 1.0 (0.0, 4.0)
AUCo-tau 26 5028.6 (65.9) | 23 | 12176.3 (61.6) | 30 11395.2
(h*pg/mL) (105.9)
AUCo-inf (h*pg/mL) 26 7787.3(55.4) | 23 | 18149.4(62.0) | 30 | 17519.4 (93.2)

Days 3 through 9.

Geometric CV%=100*(exp(SD?)-1)*, where SD is the standard deviation of the log-

transformed data. In KAR-001, xanomeline dosing started on Day 3. Hence Day 3 is the

first day of xanomeline dosing and Day 9 is the seventh day of xanomeline dosing.

1. In KAR-001, the xanomeline + trospium arm received 20 mg trospium BID (TDD 40
mg) and placebo BID; and 2 placebo capsules QD during the 2-day lead-in phase; then
75 mg xanomeline TID and 20 mg trospium BID (TDD 40 mg) and placebo QD on

2. Statistics for parameters are presented as geometric mean (geometric CV%), except

for Tmax, which is presented as the median with minimum and maximum values.

[0288] Table 34 lists the incidence of cholinergic TEAEs by system organ class (SOC) and

preferred term for the Safety Population in the KAR-001 study. The overall subject incidence

of cholinergic TEAEs was similar between the xanomeline + trospium arm (12 [34.3%]

subjects) in KAR-001, the KarXT 100/20 BID group (7 [38.9%] subjects), and the KarXT
125/40 BID group (6 [33.3%] subjects).
Table 34: KAR-001 Incidence of Cholinergic Treatment-Emergent Adverse Events by

System Organ Class and Preferred Term — Safety Population

Xanomeline Xanomeline + Total
t
System Organ Class Alone [1] Trospinm [2] ( ¢ :9)
n =
Preferred Term n=34) (n=3%5)
n (%) #
n (%) # n (%) #
Subjects with any TEAEs 21 (61.8) 64 12 (34.3) 33 33 (47.8) 97
Gastrointestinal disorders 18 (52.9) 40 12 (34.3) 25 30 (43.5) 65
Salivary hypersecretion 12(35.3) 16 925711 21 (30.4) 27
Nausea 8(23.5)11 6(17.1)8 14 (20.3) 19
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Diarrhea 7(20.6) 8 2(5.7)4 9(13.0) 12
Vomiting 5(14.7) 5 2(57)2 7(10.1) 7

Skin and subcutaneous tissue disorders 16 (47.1) 24 7 (20.0) 8 23 (33.3)32
Hy perhidrosis 16 (47.1) 24 7(20.0) 8 23 (33.3) 32

Percentage was calculated from number of subjects in the column header as the
denominator. # was the number of individual occurrences of the TEAE. The TEAEs were
defined as adverse events that happened for the first time after dosing of study drug, or
existed before but worsened in severity or relationship to study drug after dosing. For
noncholinergic adverse events, the first dose of any study drug (Day 1) was used, and for
cholinergic adverse events, the first dose of xanomeline (Day 3) was used. Cholinergic
adverse events had the additional specification that the start of the adverse event must have
been within 24 hours (inclusive) of the last dose to be treatment-emergent. At each level of
summation (total, system organ class term, preferred term), subjects who reported more
than one adverse event were counted only once. During the study, a subject could have
contributed to more than one preferred term.

In KAR-001, xanomeline dosing started on Day 3. Hence Day 3 was the first day of

xanomeline dosing and Day 9 was the seventh day of xanomeline dosing.

1. In KAR-001, the xanomeline-alone treatment arm received two placebo capsules TID
during the 2-day lead-in phase, then xanomeline 75 mg TID (TDD 225 mg) and
placebo on Days 3 through 9.

2. In KAR-001, the xanomeline + trospium arm received trospium 20 mg BID (TDD 40
mg) and placebo BID; and two placebo capsules QD during the 2-day lead-in phase;
then xanomeline 75 mg TID and trospium 20 mg BID (TDD 40 mg) and placebo QD
on Days 3 through 9.

[0289] Subject incidence of salivary hypersecretion, hyperhidrosis, and diarrthea was higher
in the xanomeline + trospium arm in KAR-001 compared to the KarXT 100/20 BID and
KarXT 125/40 BID groups. Salivary hypersecretion occurred in 25.7% of subjects in the
xanomeline + trospium arm in KAR-001, 5.6% of subjects in the KarXT 100/20 BID group,
and no subjects in the KarXT 125/40 BID group. Hyperhidrosis occurred in 20.0% of
subjects in the xanomeline + trospium arm in KAR-001, 5.6% of subjects in the KarXT

100/20 BID group, and 11.1% of subjects in the KarXT 125/40 BID group. Diarrhea occurred

74



WO 2020/069301 PCT/US2019/053429

in 5.7% of subjects in the xanomeline + trospium arm in KAR-001, and no subjects in the
KarXT 100/20 BID group or the KarXT 125/40 BID group.

[0290] The xanomeline + trospium arm in KAR-001 showed no other apparent trends
compared to the KarXT 100/20 BID and KarXT 125/40 BID groups for nausea and vomiting.
Nausea occurred in 17.1% of subjects in the xanomeline + trospium arm in KAR-001 and
22.2% of subjects in each KarXT 100/20 BID and KarXT 125/40 BID groups. Vomiting
occurred in 5.7% of subjects in the xanomeline + trospium arm in KAR-001, 27.8% of
subjects in the KarXT 100/20 BID group, and 5.6% of subjects in the KarXT 125/40 BID
group.

[0291] Xanomeline and trospium were absorbed into systemic circulation following oral
administration of the KAR-003 formulation at all dosages. The PK results suggest that neither
xanomeline nor trospium meaningfully impacted the PK behavior of the other drug. The
KAR-003 formulation provided enhanced xanomeline and trospium blood levels compared to
KAR-001, where both compounds were dosed apart.

[0292] No new safety signals were reported with the KarXT formulation. All TEAEs were
mild or moderate in severity with no SAEs or deaths. Subject incidence of salivary
hypersecretion, hyperhidrosis, and diarrhea was higher in the xanomeline + trospium arm in
KAR-001 compared to the KarXT 100/20 BID and KarXT 125/40 BID groups in KAR-003.
[0293] The foregoing description is given for clearness of understanding only, and no
unnecessary limitations should be understood therefrom, as modifications within the scope of
the disclosure may be apparent to those having ordinary skill in the art. Throughout the
specification, where compositions are described as including components or materials, it is
contemplated that the compositions can also consist essentially of, or consist of, any
combination of the recited components or materials, unless described otherwise. Likewise,
where methods are described as including steps, it is contemplated that the methods can also
consist essentially of, or consist of, any combination of the recited steps, unless described
otherwise. The disclosure illustratively disclosed herein suitably may be practiced in the
absence of any element or step which is not specifically disclosed herein.

[0294] The practice of a method disclosed herein, and individual steps thereof, can be
performed manually and/or with the aid of or automation provided by electronic equipment.
Although processes have been described with reference to embodiments, a person of ordinary
skill in the art will readily appreciate that other ways of performing the acts associated with

the methods may be used. For example, the order of various of the steps may be changed
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without departing from the scope or spirit of the method, unless described otherwise. In
addition, some of the individual steps can be combined, omitted, or further subdivided into
additional steps.

[0295] It is appreciated that certain features of the invention, which are, for clarity, described
in the context of separate embodiments, may also be provided in combination in a single
embodiment. Conversely, various features of the invention, which are, for brevity, described
in the context of a single embodiment, may also be provided separately or in any suitable
subcombination. All combinations of the embodiments pertaining to the chemical groups
represented by the variables contained within the generic chemical formulae described herein
are specifically embraced by the present invention just as if each and every combination was
individually explicitly recited, to the extent that such combinations embrace stable
compounds (i.e., compounds that can be isolated, characterized and tested for biological
activity). In addition, all subcombinations of the chemical groups listed in the embodiments
describing such variables, as well as all subcombinations of uses and medical indications
described herein, are also specifically embraced by the present invention just as if each and
every subcombination of chemical groups and subcombination of uses and medical
indications was individually and explicitly recited herein.

[0296] All patents, publications and references cited herein are hereby fully incorporated by
reference. In case of conflict between the present disclosure and incorporated patents,

publications and references, the present disclosure should control.
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CLAIMS
What is claimed is:
t. Aun oral pharmaceutical composition, comprising:
a plurality of xanomeline beads comprising xanomeline or a salt thereof, and
a plurality of trospiurm beads corprising a salt of trospium.
2. The oral pharmaceutical composition of claim 1, wherein the plurality of xanomeline
beads have a core comprising the xanormeline or a salt thereof
3. The oral pharmaceutical composition of claim 1 or 2, wherein the plurality of trospium
beads have a core comprising the salt of trospium.
4. The oral pharmaceutical composition of any of claims 1 to 3, wherein the size of the

xanomeline beads 1s between 0.425 mm and 1.18 mm.

N

The oral pharmaceutical composttion of claim 4, wherein the size of the xanomeline

beads is between 0.6 mm and 0.85 mm.

6. The oral pharmaceutical composition of any of claims 1 to 5, wherein the size of the
trospium beads is between 0.425 mm and 1.18 mm.

7. The oral pharmaceutical composition of claim 6, wherein the size of the trospium beads i3
between 0.6 mm and 0.85 mm.

& The oral pharmaceutical composition of any of claims 1 to 7, wherein the xanomeline
beads contain about 2.5 times as much xanomeline as the trosptum beads contain
trospium salt.

9. The oral pharmaceutical composition of any of claims 1 to 8, the plurality of xanomeline
and the plurality of trospium beads having a dissolution rate of more than about 95%
within about the first 45 minutes following entry of the dosage form into an aqueous
solution.

10. The oral pharmaceutical compostition of claim 9, having a dissolution rate of more than
about 95% within about the first 20 minutes following entry of the dosage form into an
agueous solution.

11. The oral pharmaceutical composition of any of claims 1 to 10, when administered to a
patient for at least 7 days at 20 mg trospium twice daily, providing a mean Cpay of
trosptum at 7850 + 3360 pg/mL.

12. The oral pharmaceutical composition of any of claims | to 11, when administered to a

patient for at least 7 days at 20 mg trospium twice daily, providing a mean AUCp.z of

41900 + 15500 hr-pg/mL.
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13. The oral pharmaceutical composition of any of claims 1 to 12, wherein the xanomeline is
xanomeline tartrate.

t4. The oral pharmaceutical composition of claim 13, wherein the xanomeline beads
comprise between 30 wt % and 80 wt % xanomeline tartrate.

15. The oral pharmaceutical composition of claim 14, wherein the xanomeline beads
comprise 66 wt.% xanomeline tartrate.

16. The oral pharmaceutical composition of any of claims 1 to 15, wherein the xanomeline
beads comprise between 15 wt.% and 65 wt.% microcrystalline cetlulose.

17. The oral pharmaceutical cormposition of claim 14, wherein the xanomeline beads
comprise 33.5 wt.% microcrystalline cellulose.

18. The oral pharmaceutical composition of any of claims 1 to 17, wherein the xanomeline
beads comprise between 0 wt.% and 2 wt.% talc.

19. The oral pharmaceutical cormposition of claim 18, wherein the xanomeline beads
comprise 0.5 wt.% talc.

20. The oral pharmaceutical composition of any of claims 1 to 12, wherein the xanomeline
beads comprise between 30 wt.% and 80 wt.% xanomeline tartrate, between 15 wt.% and
65 wt.% microcrystalline celiulose, and between 0 wt.% and 2 wt.% talc.

21. The oral pharmaceutical composition of claim 20, wherein the xanomeline beads
comprise 66 wt.% xanomeline tartrate, 33.5 wt.% microcrystalline cellulose, and 0.5
wt.% talc.

22. The oral pharmaceutical composition of any of claims T to 21, wherein the trospiun salt
is trospium chloride.

23. The oral pharmaceutical composition of claim 22, wherein the trospium beads comprise
between 8 wt % and 35 wt % trospium chlornde.

24, The oral pharmaceutical composition of claim 23, wherein the trospium beads comprise
17.7 wt.% trospium chloride.

25. The oral pharmaceutical composition of any of claims 1 to 24, wherein the trospium
beads comprise between 25 wt.% and 80 wt.% microcrystalline cellulose.

26. The oral pharmaceutical composition of claim 25, wherein the trospium beads comprise
46 8 wt.% microcrystalline cellulose.

27. The oral pharmaceutical composition of any of claims | or 26, wherein the trospium

beads comprise between 15 wt.% and 70 wt. % lactose monochydrate.

RECTIFIED SHEET (RULE 91) - ISA/US



WO 2020/069301 PCT/US2019/053429

28. The oral pharmaceutical composition of claim 27, wherein the trospium beads comprise
35 wt. % lactose monochydrate.

29. The oral pharmaceutical composition of any of claims 1 to 28, wherein the trospium
beads comprise between 0 wt. % and 2 wt. % talc.

30. The oral pharmaceutical composition of claim 29, wherein the trospium beads comprise
0.5 wt.% tale.

31. The oral pharmaceutical composition of claims 1 to 21, wherein the trospium beads
comprise between 8 wt.% and 35 wt.% trospium chioride, between 25 wt.% and 80 wt.%
microcrystalline cellulose, between 15 wt.% and 70 wt.% lactose monchydrate, and
between 0 wt.% and 2 wt.% talc.

32. The oral pharmaceutical composition of claim 31, wherein the trospium beads comprise
17.7 wt.% trosptum chloride, 46.8 wt.% microcrystalline cellulose, 35 wt.% lactose
monchydrate, and 0.5 wt.% talc.

33. The oral pharmaceutical composition of any of claims 1 to 32, further comprising a
capsule containing the plurality of xanomeline beads and the plurality of trosptum beads.

34. Au oral pharmaceutical composition, comprising:

a plurality of xanomeline beads having a size between 0.425 mm and 1.18 mum, and core
comprising between 30 wt.% and 80 wt % xanomeline tartrate, between 15 wt.% and 65
wt.% microcrystalline celtulose, and between 0 wt.% and 2 wt % talc; and

a plurality of trospiurn beads having a size between 0.425 mm and 1.18 mm, and a core
comprising between 8 wi.% and 35 wt.% trospium chloride, between 25 wt.% and 80
wt.% microcrystalline cellulose, between 15 wt. % and 70 wt.% lactose monohydrate, and
between O wt.% and 2 wt.% talc;

the plurality of xanomeline and the plurality of trospium beads having a dissolution rate of
more than about 95% within about the first 45 minutes following entry of the dosage form
into an agueous solution; and wherein, when administered to a patient for at least 7 days
at 20 mg trospium twice daily, providing a mean Cuax of trospium at 7830 + 3360 pg/rol
and a mean AUCp 12 of 41900 £ 15500 hr-pg/mL.

35. The oral pharmaceutical composition of claim 34, wherein the size of the xanomeline
beads is between 0.6 mm and 0.85 mm.

36. The oral pharmaceutical composition of claim 34 or 35, wherein the size of the trospium

beads is between 0.6 mm and 0.85 mm.
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37. The oral pharmaceutical composition of any of claims 34 to 36, wherein the xanomeline
beads contain about 2.5 times as much xanomeline as the trospium beads contain
trosptum chloride.

38. The oral pharmaceutical composition of any of claims 34 to 37, having a dissolution rate
of the xanomeline and the trospium of more than about 95% within about the first 20
minutes tollowing entry of the dosage form into an aqueous solution.

39. The oral pharmaceutical composition of any of claims 34 to 38, wherein the xanomeline
beads comprise 66 wt.% xanomeline tartrate, 33.5 wt.% microcrystalline cellulose, and
0.5 wt.% talc.

40. The oral pharmaceutical composition of any of claims 34 to 39, wherein the trospium
beads comprise 17.7 wt.% trospium chloride, 46.8 wt %% microcrystalline cellulose, 35
wt.% lactose monohydrate, and 0.5 wt.% tale.

41. The oral pharmaceutical composition of any of claims 34 to 40, further comprising a
capsule containing the plurality of xanomeline beads and the plurality of trosptum beads.

42. An oral pharmaceutical composition, comprising;

a capsule containing a plurality of xanomeline beads and a plurality of trospium beads;

the plurality of xanomeline beads having a size between 0.6 mm and 0.85 mm, and core
comprising between 66 wt.% xanomeline tartrate, 33.5 wt. % microcrystalline cellulose,
and 0.5 wt.% talc; and

the plurality of trospium beads having a size between 0.6 mm and 0.85 mm, and a core
comprising 17.7 wt.% trospium chloride, 46.8 wt.% microcrystalline cellulose, 35 wt.%
lactose monchydrate, and 0.5 wt.% talc;

the plurality of xanomeline and the plurality of trospium beads having a dissolution rate of
more than about 95% within about the first 20 minutes following entry of the dosage form
into an aqueous solution; and

wherein, when administered to a patient for at least 7 days at 20 mg trospium twice daily,
providing a mean Cuax of trospium at 7850 + 3360 pg/ml and a mean AUCe_12 of 41900
+ 15500 hrpg/mL.

43. The oral pharmaceutical composition of any of claims 1 to 42, wherein the capsule has a
dosage strength of 25 mg xanomeline free base and 10 mg trospium chloride.

44. The oral pharmaceutical composttion of any of claims | to 42, wherein the capsule has a

dosage strength of 50 mg xanomeline free base and 20 mg trospium chloride.
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. The oral pharmaceutical composition of claims 1 to 42, wherein the capsule has a dosage
strength of 50 mg xanomeline free base and 10 mg trospium chloride.

The oral pharmaceutical composition of claims 1 to 42, wherein the capsule has a dosage
strength of 75 mg xanomeline free base and 10 mg trospium chloride.

. The oral pharmaceutical composition of claims 1 to 42, wherein the capsule has a dosage
strength of 75 mg xanomeline free base and 20 mg trospium chloride.

The oral pharmaceutical composition of claims 1 to 42, wherein the capsule has a dosage
strength of 125 mg xanomeline free base and 20 mg trospium chloride.

. The oral pharmaceutical composition of claims 1 to 42, wherein the capsule has a dosage
strength of 125 mg xanomeline free base and 30 mg trospium chloride.

The oral pharmaceutical composition of claims | to 42, wherein the capsule has a dosage

strength of 125 mg xanomeline free base and 40 mg trospium chloride.

I. The oral pharmaceutical composition of any one of the preceding claims, wherein the

xanomeline beads comprise less than 0.5 wt.% 3-[(4-hexyloxy)-1,2,5- thiadiazol-3-y1}-5-
hydroxyl-1-methylpyridin-1-ium.

. Aun oral pharmaceutical composition, comprising xanomeline and/or a salt thereof and
trospium chloride for treating a muscarinic disorder in a patient in need thereof, wherein
when administered to the patient in need thereof, 1s sufficient to provide an in-vivo
plasma profile comprising a median Tmay for xanomeline of 2 hours and a median Twas for
trospium of 1 hour.

. The oral pharmaceutical composttion of claim 52, wherein the in-vivo plasma profile

turther comprises a mean dose-normalized Caax of between 48.5 and 1213 pg/mL/mg

and a mean dose-normalized Crax of trospium of between 156 and 375 pg/mbl/mg.

The oral pharmaceutical composition of claims 52 or 53, wherein the in-vivo plasma

profile further comprises a mean dose-normalized AUCo_12 of xanomeline of between 263

and 577 hrpg/mLl/mg and a mean dose-normalized AUCq 12 of trospium of between 881

and 2024 hrpg/mbl/mg.

A method of activating muscarinic receptors in a biological sample comprising contacting

the biological sample with the oral pharmaceutical composition of any of claims 1 to 55,

. A method for treating a disorder ameliorated by activating muscarinic receptors in a
subject in need thereof, comprising administering to a patient in need thereof an oral

pharmaceutical composttion of any of claims 1 to 55.

&1
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. A method of treating a disorder ameliorated by activating muscarinic receptors in a

subject in need thereof, comprising the sequential or co-administration of an oral

pharmaceutical composition of any of claims 1 to 55; and a second therapeutic agent.

. The method of any of claims 55 to 57, wherein the subject 15 a human.

. The method of any of claims 55 to 57, wherein the disorder is selected from

schizophrenta, Alzheimer’s disease, Parkinson’s disease, depression, movement disorders,
pain, drug addiction, tauopathy, and synucleinopathy.

The method of any of claims 55 to 57, wherein the disorder is a neurocdegenerative
disease.

The method of any of claims 55 to 57, wherein the disorder ts a central nervous system

disease.

2. The compound 3-{(4-hexyioxy}-1,2,5- thiadiazol-3-yl}-3-hydroyl-1-methylpyridin-1-ium.

3. An oral pharmaceutical composition, comprising xanomeline and/or a salt thereof and

fess than 0.5 wt.% 3-[{4-hexyloxy)-1,2,5~ thiadiazol-3-yi}-S-hvdroxyl-1-methylpyridin-1-
um.

A method for preparing an oral pharmaceutical composition of any one of claims 1 to 55,
comprising admixing beads comprising a plurality of xanomeline beads comprising
xanomeline or a pharmaceutically acceptable salt thereof with a plurality of trospium
beads comprising a salt of trospium.

The method of claim 64, wherein the plurality of beads comprising xanomeline or a
pharmaceutically acceptable salt thereof comprises an antioxidant.

The method of claim 64 or 65, further comprising formulating the admixed beads into
capsules.

The method of any one of claims 64 to 66, further comprising storing the oral
pharmaceutical composition at a temperature of between about 2 °C and about 8 °C prior
to dispensing the oral pharmaceutical composition to the subject.

The method of claim 67, wherein after the oral pharmaceutical composition 15 dispensed
to the subject, the method further comprises storing the oral pharmaceutical composition

at a temperature of between about 20 °C and about 25 °C.

82

RECTIFIED SHEET (RULE 91) - ISA/US



PCT/US2019/053429
1/42

WO 2020/069301

1914

3

‘PozZATRUE PUE ISOWRYD WO PHROLUDY &y ifim Sjdwies ‘psonber eI aul Iy

10} poazhjeue aq o) ojcdweg

{apoassamsden oz}
S910G €

Buigs 10H windsoy

{sptoq/sapnsces o7 (o) Buuns auPwOUEX

a8 {OINC/LOZ 191 8N/ 10T| 91 34102 | OLVRLLOT samog 9

{ainogssensdes owv. 0cio
S04 & des 44 paiees

Yim sspnoq 098¢
3d0H 530¢

Q8L 1 BINCLIOZ 1OLENALOE| 81 3441021 BLYTALGE

{emogsseinsdes o7)
S8jicq ¢

Buinz 1M windsoly

{8}j10q/sensded oz) (q) Bugg suyawouey

Q8L [ OINFLIOZ QLN 102101 344100 BLYWRLLGE 880109 9

{efji0q/sepsdes gz} 02LC
Saiied 9

QgL OINPZEOC B INZL0C 1 81 33410C | BLVPELCE

SINQVENY opep uoeqnOU] 71 3(9102 (o1ep Buumporinuey
sjefed jDH windsouy ; sujetiourx 104 jodojoid Hqers




WO 2020/069301 PCT/US2019/053429
2/42




PCT/US2019/053429

WO 2020/069301

3/42

HAY%SL/Do 0F 18 W9=], “ourjowioue ur o¢
HA%SL/Do OF 18 W=, ‘[D wnrdso1, Sur oz
HA%09/D0 §T 18 Wig=], “ourjowiouey gur o¢
HI%09/Jo §T 18 We=], ‘D wnrdso1, Sur oz
HA%SL/Do 0F 18 Wg=], “ourjowiouey gur o¢
HI%SL/Do OF 18 W=, ‘D wnrdso1, Sur oz
HA%SL/Do 0F 18 Wg=], “ourjowiouey gur o¢
HI%SL/Do OF 18 W=, ‘D wnrdso1, Sur oz
HA%SL/Do 0F 18 W =], ‘ourjowiouey gur o¢
HI%SL/Do OF 12 W=, ‘D wnrdso1], Sur oz

0=1 dm.mn— oo(@ QQEQEOQNN Sw 0¢

0=1 1D wnrdso1], Sur og

A




PCT/US2019/053429

WO 2020/069301

4/42

%]
s

HY%09/Jo $T 18 WE=], QUI[aWOuLY SW g
,,,,,,,,,, HI%09/Jo ST 18 Wg=], ‘[ umidsory, Sur o
HY%SL/Do 0F 18 WE=], “UI[aWOouLy S (g
HI%SL/Do 0F 18 Wg=], ‘IO umidsoxy, Sur oy
,,,,,,,,,, HY%SL/Do 0F 18 WZ=], SUI[aWOouLy S g
HY%SL/Do 0F 18 Wz=], ‘[D umidsoxy, Sur oy
“““““ HI%SL/Do 0F 18 W=], SUI[owouey S (g

HA%SL/Do 0F 16 w=], D wnidsoi], Sw ]

0=L ‘oseq 204J surjowoury Sur (¢

0=L 1D umrdsox, Sw o[

™ D e
= PR R Rt
/ / //////////////////é,
X A R
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, BRI




PCT/US2019/053429

WO 2020/069301

5/42

9O

o8 = 3 b TSI PORIDR
&8 as 88 ST g Y,
" . . . B LI IR e
res ne me Ry pagaadain DO IPRT RN}
. . S . o3 ICTBLR DRRRGER} P A1
LA #19 $Q EXS0 Hrgrcey PRy [EINNIGAE PR
DRI N PO 1R £ o DO N ¥ PREOREds BIERG S0 waudtg
PR R QRN WY SO R o BRSO 9 B DUREHINGT DO BRRIRET BRI
£ <l £ & RN SN
5 EW® SIS 2 B8 SRAUHAIND sy B ot
N ReM XL
TH LEE R SEHORIS BTSN § RN I O 20T RN
T8 Ry L OB spvednasgRRey Say ¥
Lol 988 28 SUNSEOEN SIS SN 3
vE A #E [En%y,

STRASY B RO TR YW N R SR GRNAY
g g Sy ROEE gty andy RRR-HEG e sy
A EY EY DR TUIEHID FRUBHIVIG OF FUNSROTH
B AR ARESN LR A RECS B ct e HEHANIR I DU IS DN MOUIPORIGESS
TRWBRE BReem R awy Znﬁmmwﬁwu& REE A
IR LWL




PCT/US2019/053429

WO 2020/069301

6/42

LD

o] e FENEY saypndhey g,
- - X <R LR Sanneang . e
SR s Ay poRERERIN SISO RN SIvasR
" - o o RN W plmd
D AR N
219 F0 8¢ O BECIRAIBIN DOIRNNY
EEARS S PEOIRE By » PRIEHNT ON o SUNRGUD PR BRESRE Laia g
CECRaE Wl ERSNERU IR o SRNOHINR Ny R DURTIRRT POmi appey usiag,
Rt HE & SR DOUiaw
$8 g8 s ¥8 SRR et e fene
N FRE «Fi8 USRS e REE R SE RS SRR SN
218 208 2R S nan N ¥
288t RCT s Y SRRTDLEN] IPNR BN B
. _ o=
&8 ®E ¥E AT, ) PORONY Sor e vl
. " S A0 BRI IDINA
SRR RO TR TR AR R TR h TR
SR AN SRS Oy HOME g ontRniy SRR-RGT Bendinagy

BN

TREIAY PISDEIY SROCIVFERVAR L] FELLNAROD

R RN

NS LSEL




PCT/US2019/053429

WO 2020/069301

7/42

8 "OId
¥ ig & LRSS SRRV
SEN [N S R ageecon ey
e . <o RN L v g
. : Senk SapeiRn THPOF SRR AR
: Gt P o OPERLEE R e oo
He B SRR o Doypdecty SHISIRS PRI
fg PERONES W 2 DERRERN o B PROORR AR DOTEE AEREIREY iR
FUSHES G ERE PN DR o RO sy £ PRoaauaRes PRARONE BOGRID R
S @ # _ SRR PRI
ot TR Y RNt sl g e g
PR T ¥ F AR S Lonine] VT S LR ?M@ N
son o N N S e Ay
A £88 TR L N S
T
&% ®E & RN {87 POGINY ‘T gl
< 8 8% pempens Sy
TEERRTERR s PRNRRF
S PR Dol SRR sesheeNy
& {283 RN BRI ¥y [VERIRPGE

SR




PCT/US2019/053429

WO 2020/069301

8/42

6 "D

RN ¥R Y IR SO BADIRRRSY
e ) NN BB TRRTNRE N
¥ ik N Dirga as < MW;WW%%W% ey R Sy o
e st s R € LR ARERITRAS A
Vi i W S g SEAICY AT DO SRARRA WY,
£8 £ 5 ) RRREE R
WD 8 g B SN 38 W ® &
SRS 58 ) S BTN & e & X I
ST & EF % R R NS & N pott g0
R £ 8 Y 3% P EEiE & § s o 8 it
: fEryy RS TR R
wuey W% ey 22 sloy 1% sl FES oS e
TPONT RS . \
= o TR . . - - - - ROPIHII-FRBY
RIS £ SN ) SRR SRR 5 A PR
PN R R & BERTTTTRR WU 3 Y Ry N
: 5 S SR
S W W N S 8 R 8 &
SERY P} et e WL X RN W )
) ) ) PN o . SR Y
adtasnyg DT SRy ST BSag % sy TR TRy st
A TUAT SRR aeeoe oy i

I APR. AR

MY

SRS EEREE 1S

S SRR




PCT/US2019/053429

WO 2020/069301

9/42

o1 "D

AN R ARE HE R 8N St 1S

iR ¥ BEHR
i P R SRR RNOLS N LS SR SRS
3R $ XY Y ; R s RS ¥ ¥
W W wwmwmz. m.w(ﬁw %«MMWW MMwﬁMMMm«M m&mﬂu&@@ RERG m%&wﬁ mﬁﬂwwzwbmw@
£ VI ST ST 2L
¥ ¥ By g SR SIHON DAY RN PR
SRR &8 SRR &8 35 S¥
SRS F&S SR Eix X 68 ey
RS R N PR 2N &8 X
S5 X e 88 & B o fuski oy
= @m : I o s e m_zwv&%m
& - . o o P % X NN e Sowed
S T Ry F L) D% RIRRES R PR, o
- bRty SR &8 o S¥ N mwdﬂw
SUSTR SR By 8 S SONERSE
O Sl W ™ ®
& N ) ARG
sy O™ sty 1% TS Sl
& D430 BHATUR RIBRNURIG BF e




PCT/US2019/053429

WO 2020/069301

10/42

11 *OId
W N WY T SO0 VNG
. — LI COOIR ROIRY L SIS R RNEEND
N W £ 039 @ SRS RO SRR DL RN
vy 0 RS QOER EDRALS _
¥ L g o SRy ﬁaﬁ,@wfw@mﬁw -—
18 18 Q COREAR TRRRNY
HOTER 8 50028 28 /LR ¥ &
S8 &8 {98 8 LR o R
W & VY o8 () & = st
ey S ey Y R 18 3 { . "
L8 % R & mm. { ¢ w,ﬁ% - 1 S K KR N .@%f ﬁw,
affuey DT afing g8 shusy beg Y Soetreer , R
BUNORY BIGRNE e PR
WS 88 L ThE PRSI THL T : Cernd
ISRy &8 BN S ERINaY £ 50 e RS
g & S508 &R WG 9 N
S ¥ R &F 83 ¥ o
aSuw — e e — TURLY Wit
8 S 4 FI% sy W ST
. & AT R BRI R SRR




WO 2020/069301

11/42

PCT/US2019/053429

Xanomeline API Related Substances Profile for Xanomeline/Trospium Cl 50/10 mg

Capsules
Seabiiity tinwe poie fnfitale T Imordhe T 8 months 1 Te S mondhe
Unspeciiad inpuity S.34 & 538 &
elnted Suetimess T BN & $.44 8.3 £.14
e S sy e 846 AT 218
LR LERRAL SR e
Rdesbond Rinvision & 1131 {2 o3
FI1G. 12

Trospium Chloride API Related Substances Profile for Xanomeline/Trospium Cl 50/10 mg
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Xanomeline API Related Substances Profile for Xanomeline/Trospium Cl 50/20 mg
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Trospium Chloride API Related Substances Profile for Xanomeline/Trospium Cl 50/20 mg
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Xanomeline API Related Substances Profile for Xanomeline/Trospium Cl 75/10 mg
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Trospium Chloride API Related Substances Profile for Xanomeline/Trospium Cl 75/10 mg
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Trospium Chloride API Related Substances Profile for Xanomeline/Trospium Cl 75/20

Capsules
Siakdiity time polat inkigds T3 mondhs | Tu 8 months
R&;z‘ mﬁ_-} Substantes Unspoctladbopueiy | NotDotected]  NotDetecied]  Not Dutsoied
o als S50 ADON Mathon Revision at oz 03
FIG. 40
Specification for Xanomeline/Trospium Cl 75/20 mg Capsules
_ SCCEPTANCE CHITERIA
TEST DESCRIPTION
Stabillty, Rev g
Daseriptien Widts & ol etile opangue hord shel ool with e
Wil gy
Water Contert by KF .
(LS <821, Mthod fa) Reposd sasut
Sassy Xanornuding: B8 - IO kbel oldim
LG {88 - B g Knnoernolinaiomoudied
{Lorasle-JR803-8EY Trospiven Chintdar 50 - 1 HB: abal glabn
{18~ o Troopluos Cdmikbnarsida
Halnted Subslantes TSHT CRonge reimen Sompound B NMT B LEG
Lot Tronpien Chiottes reaan somaound & NI 0000
Cornale S840 Any shede unmneailied notaite WA BRLE
Toldl irpuniinn MY 8006
Xarsovnaine NUT 2% (ot fhuted nownt of
tesalution Kaswmatg é§ﬂ. aﬁw&w g_s I enirnses, 33
foamals 26602-8) Erpart polly
s Trosphary Citode: BUT 80% (G of ahelad amount ot |
Trospdan Ghilvaitie i cRasoheed 8 30 airesen,
R rolla
_ Toda! Yeusts and Molds Qounds {TYMOY
iorobial Lindie ® S ohaig
LISPl o, <& Tutal Sasabin &ﬁm}s‘aﬁ Qmm%s {?‘ﬁ&ﬁw ST chey &
Eschedcficol Aot

FIG. 41




WO 2020/069301 PCT/US2019/053429
33/42

— Ly

]
O
Scheduled Time ¢(hr)

FIG. 42

0 -

L]
]

3000 -
D0

4000 -
)

16000 5
2000
{

20000 —
18000 —

1400
2
100

1

(Tu3d) surpomoury (([S-/+) UL



PCT/US2019/053429

WO 2020/069301

34/42

() swI], pampayos

L

9

ey

.
3
i

] —
A RSy andan
° S
A N
N L R
e R I N
[ A A N A e N 2y e
TR R
¥ S R
3 A SRNE .
e = T
¥ anfan e A et i N
ks FEy 7/, Rt e
H s
i e
H ~
: = S
e n

(M S OO ] IXBT « - e ~ =
(M 3WOTAHST I~ @~
(I S0 Of/STT LKTBT o o
(I SUT OT/D0 T IXTR oo

.
H
i

e

%,

RPN

~
crmrmrns s

+

Y

Gyzeeen

py

4]
000¢
DO0F
0008
0008
00001
000l
0aoF 1
Q0091
0008 1
0000g
DOOET
000FC

00nvc

) urapy

i
T

i
/

=7

(Tusd) surppwoury (1S



PCT/US2019/053429

WO 2020/069301

35/42

L4V |

(1) durL [, papnpayg

v
e}
]

e ;r g
N
e i
%}9 T R T
i

F

(I BW OF/0S T LXIES ~ - e - ~
(I S Of/STT LXK oo o
(ST B0 OT/00 T IXTES oo

e Wit S

_ -
NS e N
N i e
T i H
N AN H
S N i
e R H
S T e
e S
e s l.\i'l‘\fl A e
~ . —lTT
- ) R ../,// u//m
P -
~ R
~
~
N b
. e
Wi RS
~
-
- &

0
DA0C
000F
0005
0008
00001
DOOCT
00Ot 1
00051
Q0081
0000C
DAOCT
0QOFT
0009T
0008T
Q000E
DOOCE
000FE
0009
000R8E
Q000F

(Tu/5d) surjowouey ((1S-/+) UBA\



PCT/US2019/053429

WO 2020/069301

36/42

1 |

() ounJ, paynpayog

1 IT 01 6 8 L
_ _ _ _ _ _

9 ¢ 14 £

<
l

o

I B QF/08 T IXTeD L AR - e
CITE B Qb STT LN L £BCT - o o o
I FW 0Z/00T IXIE 2 KB o s
(T19 SWOFAST 13I8 ¢ &8¢ -~ o 0
(ITH BW OTACT LKA E KBCT moe oo
AId SW QST LT w AR B
CTIH SW Q70071 LIRS E AV - o P ion
AT OT/0S LXIES T AB(T el

%«..5{11:,:2571....‘;!?:5%4

B

[
N

// o ‘ﬁ//,/.;,ﬁ I

; i
FIIVIVIVIYVIVIVIVYY /93
¥ "

;
:
s

}.z 3&
.. : SN
= o N
% T, ,gn .,
Muﬂu/; e R .
/, oS /,,/, X o
NN e .ﬁ? [y ﬂ” M
S W L
N N - > 3
~ N /0/ s /‘///
//A./ﬁ /(/ //
S
N N
{ N Ny
y N ’
e o -
™ e Y
N
i 3y
- 2
N N
e o -
M‘ .4 ™~
m RN
NS

- ooor

— Q008

— 000CT

— QU091

— 0000

— 000FC

— (J008Z

— 000t

— (002

— 0000+

ad) surpwoury ((1$-/+) wesp

¢
:

(T



PCT/US2019/053429

Ly

9% "OIA

e Apmis [emoy

[ o]
[

=

2

42
b

N

%{/

;
nnnnmnnsnrarnssns
£
4
T

7
i
7

o
ATTTRONCOT st W\

37/42

WO 2020/069301

. S S : Y
u“ ,H” T Y N ;:«:.)“L./t;é el " Vh/; o 151.‘55%?/:
- S R - 000F

T - 0006
i 1 - 0009
= = _ 000L

S - 0008
T SW OF/0S T LT~ tfe
(T BW OZ/0C T IR v § e P

: 0006
T B0 Op/STT LXT e ¥ o
(T UL OT/O0 T LXTE] oo

(Tusd) surpourouey ((15-/+) UES]



PCT/US2019/053429

WO 2020/069301

38/42

Ly "DIA

(1) swrr ] pornpasg

[~
B
Wy

— ()

- 000T

— 000F

— 0009

- 0008

— 00001

— 00T 1

- 000k 1

— 00091

— 00081

— 00007

(Tuy8d) winidsox ], ((1S-/+) ueaRy



PCT/US2019/053429

WO 2020/069301

39/42

cl [T 01 6 8

11 |

() s [, papnpayog

L 9 s t

—

e o

M, e ,H,ﬂl,muﬂ,....,,.,,,.u,,,u,,,u,wW

T SN :.///,

e

% e
3 . -~
3 3 N e

e o S,

Gmnnnn,
7

QI W 0P8 T LXK -~ & -~
(I 3w OTOST IXTY - i
T 30T O/STT LITEY oo Yoo
(T B OT/00 T IXTEY e

2 z
SUSSISS 1

5
P
4

S S

H
7
H

2
nmnmnnsy

5
%
£

”

. !F!in);!
A
T T
H N,
~ . i
-
- " m&
T— R
TR
b
A
RN
N
N
N
N
N
N
N
N
N
N
3
PN
¥
H
H
H
e

A,

-~ & —

000¢
000F
0009
0008
0000 T
Q0D0T1
000F 1
00091
0D0RT
0000T
QD0TL
000FT

0009¢

(Tw/8d) wnrdsor] ((1S-/+) ueapy



PCT/US2019/053429

WO 2020/069301

40/42

<l [T 01 6 8

6 "DIA

() s [, papnpayog

-
i

L

|

-

.“...m..“.. g eevey
oo
r..m.,., cdes
3

S hﬁ;;;w%ﬂsfif
SN TR

v

i
3

N e,
e

(T 3 OF/0S T LXTeN - - a- - -
CIIEL B0 O /ST T LRI o e
(T B OT/00 T LXTEN o

WO
B

v

i

—

0
000T
000r
0009
Q008
00001
000¢1
Q00r 1
00091
0008T
0000T
000ZT

Q00T

(Tw/8d) wnrdsor] ((1S-/+) ueapy



PCT/US2019/053429

41/42

0S *DId

() ~uIL ], pAmpayos
6 8 L 9 5

».”, S R C
e T - b o
e - SRR e

N

K S ﬁ\»

¢ Saane vees veean

e SO AL N e ~
N "o
SN e

KT e l!z,f@ R T

b N

-~ Q00F

W {
IR H > N
Ny ™
N\ 0
T S, 0008
N SO
¥ — 000TT

5
A
.
2
7

— 00091

o — 00008

- 0002

CITE SWOEAOCT TXTCN L AR - o e o
CTIE W OS] IR L AB(T - oo g o — 00082
I S OZ/00T LXMW L ABT -« oo

sd) wmdsoa ], (1S-/+) ueay

/
¢
4

1,

(T

(T BW A0S T XTI T ABCT = s £ e - 000TE

(IId Swr z/n8 |

KA E AR e G

(I W o/S7 1 LK ¢ Ao

CIIE SWOT00T IXTRS € ABT - o g s
(I 0Z/06 LYY ] ABCT vt

— 0009¢

- 0000F

WO 2020/069301



PCT/US2019/053429

WO 2020/069301

42/42

IS "D

e Apmg [y

Angas

H
;
%
I
f
H

3¢
kS

i e oAt /
, w .
ﬂ .

ﬂ RN I
i
, -
m zﬁz . e
al A l/.(lw(rll
e : .
. N e Oy
- A e e
- . /4
" ] {
i

4
i
)

R e s e e W e = +
3 i SR H
N K
H
N H
e H
andan i
N K
B H -
H . R H
§ W
B
B
B
B
B
B
B
B
B
B
B
B
H

5
P
7
)
7

(I BUT /08 T IXTEY o e
I SW OZ/08 T IXTE o 8 oo
(T P O /STT IXI - e o
(I BW OZ00T IXTE e I —

0001

000z

000t

000F

000%

p00s

0004

0008

0006

00001

+) wespy]

i
I
I

soI], (ds-

1d

3d) um

14
I
¢

(T



INTERNATIONAL SEARCH REPORT International application No.

PCT/US19/53429

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. X0 Claims Nos.: 4-33, 37-41, 43-51, 55-61, 64-68
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

I. D As all required additional search fees were timely paid by the applicant, this intemational search report covers all searchable
claims.

2. [___] As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)
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