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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention provides a combination for the treatment of Parkinson's disease
by subcutaneous administration of levodopa and carbidopa, concomitantly with oral
administration of entacapone.

BACKGROUND

[0002] Parkinson's disease is a degenerative condition characterized by reduced concentration
of the neurotransmitter dopamine in the brain. Levodopa (L-dopa or L-34-
dihydroxyphenylalanine) is an immediate metabolic precursor of dopamine that, unlike
dopamine, is able to cross the blood-brain barrier, and is most commonly used for restoring
the dopamine concentration in the brain. For the past 40 years, levodopa has been remained
the most effective therapy for treatment of Parkinson's disease.

[0003] However, levodopa has a short half-life in plasma that, even under best common
current standard of care, results in pulsatile dopaminergic stimulation. Long-term therapy is
therefore complicated by motor fluctuations and dyskinesia that can represent a source of
significant disability for some patients. A therapeutic strategy that could ultimately deliver
levodopa/dopamine to the brain in a more continuous and physiologic manner would provide
the benefits of standard levodopa with reduced motor complications and is much needed by
patients suffering from Parkinson's disease and other neurological or movement disorders
(Olanow, Mov. Dis., 2008, 23(Suppl. 3), S613-S622). Sustained-release oral levodopa
formulations have been developed but, at best, such preparations have been found to be no
more efficacious than standard tablets. Continuous administration of levodopa by
intraduodenal administration or infusion has also been attempted by using ambulatory pumps
or patches. Such treatments, especially intraduodenal, are extremely invasive and
inconvenient.

[0004] The metabolic transformation of levodopa to dopamine is catalyzed by the aromatic L-
amino acid decarboxylase enzyme, a ubiquitous enzyme with particularly high concentrations
in the intestinal mucosa, liver, brain and brain capillaries. Due to the extracerebral metabolism
of levodopa, it is necessary to administer large doses of levodopa leading to high extracerebral
concentrations of dopamine that cause unwanted side effects in some of the patients.
Therefore, levodopa is usually administered concurrently with oral administration of a dopa
decarboxylase inhibitor, such as carbidopa or benserazide, which reduces by 60-80% the
levodopa dose required for a clinical response, and thus prevents certain of its side effects by
inhibiting the conversion of levodopa to dopamine outside of the brain.
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[0005] Additional extracerebral metabolic pathways of levodopa are through monoamine
oxidase (MAO), or catechol-O-methyl transferase (COMT) which converts levodopa to 3-
methoxy-4-hydroxy-L-phenylalanine (3-O-methyldopa, 3-OMD), a metabolite that competes
with levodopa in crossing the blood-brain barrier. Therefore, MAO inhibition by, e.g.,
moclobemide, rasagiline, selegiline or safinamide, or COMT inhibition by, e.g., entacapone or
tolcapone, improves the efficacy of levodopa. Entacapone exhibits short biphasic elimination,
with a B-phase half-life of about 0.4 to about 0.7 hours and a y-phase half-life of about 2.4
hours and is therefore typically administered six to eight times per day. Tolcapone binds to the
catalytic center of COMT in both peripheral and central nervous systems with greater affinity
than any of the three catecholamine, including levodopa, and consequently prevents the 3-O-
methylation of levodopa by COMT. Tolcapone thus improves the bioavailability and reduces the
clearance of levodopa and subsequently dopamine from the central nervous system.

[0006] The efficacy of levodopa's metabolic pathways inhibitors, when concomitantly
administered with levodopa, in increasing the level of the latter in the blood is well documented,
and various formulations of levodopa together with such inhibitors have been disclosed. For
example, currently available oral drugs include SINEMET® and sustained-release SINEMET®
CR tablets that include levodopa and carbidopa, as well as MADOPAR® tablets containing
levodopa and benserazide. Additional formulations of levodopa and carbidopa for
subcutaneous, preferably continuous, administration are disclosed in International Publication
Nos. WO 2010/134074 and WO 2012/066538.

[0007] An additional oral drug is STALEVO® tablets containing levodopa, carbidopa and
entacapone, and formulations of these ingredients, e.g., for subcutaneous administration, are
disclosed in the aforesaid WO 2012/066538, which further discloses oral administration of
SINEMET® and concomitant continuous subcutaneous administration of either entacapone or
entacapone and carbidopa.

[0008] Nyholm et al. (European Journal of Neurology, 2012, 19, 820-826) shows that oral
administration of 200 mg entacapone and concomitant intraintestinal infusion of levodopa and
carbidopa at a dosage equal to 80% of the optimized dose of a patient, allows maintaining a
blood level of levodopa that is substantially the same as that achieved by administration of the
optimized dose of levodopa and carbidopa, without entacapone. In other words, Nyholm ef al.
shows that oral administration of entacapone allows reducing the initial dose of levodopa and
carbidopa administered by 20% and still maintain the desired blood level of levodopa.

[0009] Yet, the various formulations disclosed do not provide the optimal treatment of
Parkinson's disease due to still relatively high level of side effects and levodopa blood level
fluctuations. There is thus an ongoing and urgent need for methods for treatment of movement
disorders such as Parkinson's, that will provide patients with a constant blood levodopa level
that will lead to constant dopaminergic stimulation in the brain, and at the same time limit the
side effects caused by high peripheral levodopa concentration resulting from high dose
levodopa administration.
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SUMMARY OF INVENTION

[0010] The present invention provides carbidopa, levodopa and entacapone for use as a
combination in the treatment of Parkinson's disease, wherein the carbidopa and the levodopa
are formulated as a sole parenteral composition for continuous subcutaneous administration,
and said entacapone is formulated as an oral composition and is administered at a dose of
400, 450, 500, 550 or 600 mg twice or three times a day.

[0011] The invention is defined by the claims. Any subject-matter falling outside the scope of
the claims is provided for information purposes only. Any references in the description to
methods of treatment, diagnosis or surgery refer to the compounds, pharmaceutical
compositions and medicaments of the present invention for use in a method for treatment,
diagnosis or surgery of the human or animal body by therapy.

BRIEF DESCRIPTION OF THE FIGURES

[0012]

Figs. 1A-1B show the effect of carbidopa on the stability of levodopa in vitro and ex vivo: 1A.
6% by weight levodopa and arginine solution with various concentrations (2, 1.5, 1, 0.5%) of
carbidopa or no carbidopa were tested for physical stability in vitro. The results show that
carbidopa prevented dark yellow color formation in the presence of air, in a dose related
manner (small vials at the right hand side), and in the absence of air (with N> in the head

space) 0.5% carbidopa was sufficient to inhibit this color formation (large vials in the left hand
side of the figure). 1B. 7% by weight levodopa and arginine solution, with or without 2%
carbidopa by weight, continuously administered in to the subcutaneous tissue of a 5x5cm
fresh, full-thickness pig skin. The right hand side depicts the inhibition of oxidation with the use
of a levodopa formulation that includes carbidopa.

Fig. 2 shows that the presence of 1% carbidopa in a levodopa solution reduces the severity
and extent of local levodopa dependent subcutaneous toxicity in the pig.

Figs. 3A-3C show the effect of carbidopa on the pharmacokinetics of levodopa in the pig. 3A:
the plasma concentration of levodopa following continuous subcutaneous administration of 6%
levodopa with various amounts of carbidopa. 3B: The correlation between plasma steady state
concentrations of levodopa, obtained following continuous subcutaneous administration of
levodopa/carbidopa formulations and the formulation concentration of carbidopa. 3C: The
correlation between plasma steady state concentration of carbidopa following continuous
subcutaneous administration of levodopa/carbidopa formulations and the formulation
concentration of carbidopa.

Figs. 4A-4B (Reference) show the effect of continuous subcutaneous (SC) entacapone (E)
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and/or carbidopa (CD) (40 mg/24 h) administration on the plasma concentrations of levodopa
(LD, ng/ml) following oral administration of Sinemet (100/25 levodopa/ carbidopa) in pigs (4A);
and the effect of continuous SC CD (40 mg/24 h) and/or LD (140 mg/24 h) administration on
the plasma concentrations of LD following oral administration of Sinemet in pigs (4B).

Fig. 5 shows the effect of carbidopa on the local subcutaneous toxicity of levodopa following
24 h continuous subcutaneous administration, at 0.16 ml/h, in pigs.

Fig. 6 show the effect of oral administration of entacapone (200 mg every 2 h) on the plasma
concentrations of levodopa (LD), carbidopa (CD), and 3-O-methyldopa (3-OMD) during
continuous SC administration of levodopa (360 mg/24 h) and carbidopa (90 mg/24 h) in human
volunteers.

DETAILED DESCRIPTION OF THE INVENTION

[0013] As stated above, the concomitant administration of levodopa and an active agent
capable of inhibiting a metabolic pathway of levodopa is well known, and one of the
commercially available drugs for treatment of Parkinson's disease is STALEVO® that, in fact,
comprises a combination of levodopa, carbidopa and entacapone. Nevertheless, despite of the
advantages associated with a joint oral administration of the three ingredient, this specific route
of administration has several drawbacks because oral administration results in fluctuations of
blood levodopa level;, and entacapone, when present in one solution with carbidopa, e.g., after
dissolution of a tablet in the gastrointestinal tract), reduces carbidopa's bioavailability. This is
clearly indicated in Ahtila et al. (Clin Neuropharmacol., 1995, 18(1), 46-57), demonstrating that
high doses of entacapone (400 mg and 800 mg), concomitantly orally administered with
levodopa and carbidopa, decrease the total amount of carbidopa in blood but do not affect the
time to maximal concentration (Tmax) of carbidopa. Ahtila ef al. also show that the highest

increase in the total amount of levodopa caused by the addition of entacapone to oral
administration of levodopa and carbidopa was about 33% (after 400 mg dose of entacapone).

[0014] The aforesaid suggests that it might be beneficial to administer carbidopa separately
from entacapone, i.e., using either different administration routes or by administering them in
two different locations of the patient's body. Indeed, as already shown by the present inventors
and shown in WO 2012/066538, oral administration of Sinemet® (levodopa/carbidopa, 100/25
mg) and concomitant subcutaneous administration of either entacapone or a combination of
entacapone and carbidopa (formulated as different compositions) resulted in increased blood
levels of levodopa. As specifically shown, entacapone and carbidopa, when continuously
subcutaneously co-administered with Sinemet®, act in synergy on the plasma
pharmacokinetics of levodopa.

[0015] In another approach disclosed in the aforesaid Nyholm et al, entacapone is orally
administered while a combination of levodopa and carbidopa is administered concomitantly by
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intraintestinal infusion, and as shown, oral administration of entacapone allows reducing the
initial dose of levodopa and carbidopa administered by 20% while maintaining the desired
blood level of levodopa. According to Nyholm et al., the administration route disclosed may
allow an increase of up to 33% in the level of levodopa.

[0016] It has now been found, in accordance with the present invention, that continuous
subcutaneous administration of a composition comprising both levodopa and carbidopa, and
concomitant oral administration of entacapone to Parkinson's patients unexpectedly increases
the blood level of levodopa by more than 40%, more particularly from about 420 ng/ml to about
620 ng/ml, while maintaining a constant blood level of levodopa with no substantial fluctuations,
and therefore allows significantly reducing the initial dose of levodopa administered to
Parkinson's patients and subsequently reducing the side effects of the drug. Moreover, the
experimental data provided herein show that the subcutaneous administration of a sole
composition comprising levodopa and carbidopa have additional benefits compared with
separate administrations thereof due to reduced local side effects caused by levodopa when
administered together with carbidopa.

[0017] These findings show that oral administration of entacapone concomitantly with
continuous subcutaneous administration, of levodopa and carbidopa leads to levodopa blood
level that is remarkably higher than those shown in any one of the prior art utilizing a different
administration regimen, suggesting that the administration regimen demonstrated herein
allows to utilize to the fullest the inhibitory potentials of both inhibitors.

[0018] The present invention thus provides a strategy for treatment of Parkinson's disease,
comprising continuous subcutaneous administration of a combination of levodopa and
carbidopa concomitantly with oral administration of entacapone. Such a strategy allows
providing high plasma levodopa level thereby continuous stimulation of the dopaminergic
system in the brain, and may allow decreasing the entacapone oral dosing regimen from 5-8
times/day to 2-3 times/day, and/or reduce daily dose of levodopa and/or entacapone. In one
embodiment, the neurological disease to be treated according to this strategy is Parkinson's
disease.

[0019] In a particular embodiment, the dopa decarboxylase inhibitor used according to the
treatment strategy disclosed herein is carbidopa.

[0020] The term "catechol-O-methyl transferase (COMT) inhibitor" as used herein refers to an
agent capable of inhibiting the degradation of levodopa to 3-O-methyldopa (3-OMD) by
catechol-O-methyl transferase and thus prolonging the half-life of levodopa in the circulation.
An example of COMT inhibitor is entacapone.

[0021] In a particular embodiment, the combination of levodopa and carbidopa is formulated
as a sole pharmaceutical composition that is continuously subcutaneously administered to the
treated individual; and entacapone is formulated as a pharmaceutical composition orally
administered to said individual (herein "the oral composition").
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[0022] The term "pharmaceutical composition" as used herein refers to a composition
comprising at least one active component as disclosed herein formulated together with one or
more pharmaceutically acceptable carriers or pharmaceutically acceptable excipients. The
terms "pharmaceutically acceptable carrier" and "pharmaceutically acceptable excipient” as
used herein refer to any and all solvents, dispersion media, preservatives, antioxidants,
coatings, isotonic and absorption delaying agents, and the like, that are compatible with
pharmaceutical administration. The use of such media and agents for pharmaceutically active
substances is well known in the art. The compositions may also contain other active
compounds providing supplemental, additional, or enhanced therapeutic functions.
"Pharmaceutically or pharmacologically acceptable"” include molecular entities and
compositions that do not produce an adverse, allergic or other untoward reaction when
administered to an animal, or a human, as appropriate. For human administration,
preparations should meet sterility, pyrogenicity, safety and purity standards as required by,
e.g., the U.S. FDA Office of Biologics standards.

[0023] The parenteral composition is administered continuously subcutaneously. Continuous
administration of the parenteral composition may be accomplished using, e.g., an infusion
pump, or a dermal patch, namely, a device suitable for transdermal or subcutaneous
administration of the parenteral composition, i.e., capable of delivering said composition
through the skin or mucous membrane into the bloodstream of a patient. Dermal patches
suitable for use according to the method of the invention may have one or more compartments
containing the parenteral composition or compositions to be administered, and are described,
e.g., in the aforesaid WO 2012/066538.

[0024] The weight ratio between the levodopa and carbidopa, administered according to the
method of the present invention may be any weight ratio that, together with entacapone
concomitantly administered, would be sufficient to maintain therapeutic plasma levels of
levodopa, when said levodopa and carbidopa are formulated as a sole parenteral composition.
In certain aspects, the levodopa: carbidopa weight ratio is in a range of 20:1 to 1:1.

[0025] In certain embodiments, the parenteral composition further comprises arginine.
According to particular such embodiments, the parenteral composition comprises carbidopa
and levodopa in an overall molar ratio to arginine of 1:2 to 1:3.5. As previously shown by the
present inventors and disclosed in WO 2010/134074 and WO 2012/066538, such compositions
are significantly more stable than compositions where no arginine is used, or compositions
where basic amino acid other than arginine, e.g., lysine or histidine, are used.

[0026] In some particular such embodiments, the parenteral composition according to the
method of the invention comprises (i) arginine, 0.1% to 2% by weight carbidopa, and 4% to 8%
by weight levodopa; or (ii) arginine, 0.6% to 1.5% by weight carbidopa, and 6% by weight
levodopa. Such compositions may be administered at a rate of 0.1 to 1000 pl/hour/site; or at a
volume of 2 to 10 ml/24hour/site, e.g., 4 to 6 ml/24hour/site; or at a dose of 80 to 800 mg
levodopa/day and 20 to 200 mg carbidopa/day; or at a rate of 240 to 360 mg levodopa and 60
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to 90 mg carbidopa/day/site. More specific such parenteral compositions are administered
subcutaneously.

[0027] In other particular such embodiments, the parenteral composition comprises (i)
arginine, 1% to 4% by weight carbidopa, and 6% to 16% by weight levodopa; or (ii) arginine,
1.5% to 2.5% by weight carbidopa, and 12% by weight levodopa. Such compositions may be
administered at a rate of 0.2 to 2000 pl/hour/site; or at a volume of 10 to 24 ml/24hour/site,
e.g., 12 to 16 ml/24hour/site; or at a dose of 600 to 4000 mg levodopa/day and 60 to 500 mg
carbidopa/day; or at a rate of 800 to 1600 mg levodopa and 200 to 400 mg carbidopa/day/site.

[0028] In certain particular embodiments, the parenteral composition according to the method
of the invention comprises arginine, levodopa and carbidopa, wherein the parenteral
composition has levodopa:arginine molar ratio selected from 1:1.5 to 1:2.5, respectively, and a
pHof 8510 10, i.e., 8.5,8.6,8.7,8.8,8.9,9.0,9.1,9.2,9.3,9.4,9.5,96,9.7,9.8,9.9 or 10, at
25°C. Such compositions may comprise, e.g., 1% to 20% or more, by weight, carbidopa,
preferably at least 1%, 2%, 4% or 6% by weight carbidopa; or at least 1%, preferably 2%, 3%,
4%, 5% or 6%, by weight levodopa. More particular such compositions may further comprise a
pharmaceutically acceptable excipient such as N-methylpyrrolidone, polyvinylpyrrolidone,
propylene glycol, or a combination thereof, and may still further comprise water. In specific
embodiments, such parenteral compositions have a pH of 8.5 to 9.8 at 25°C.

[0029] In certain particular embodiments, the parenteral composition according to the method
of the invention comprises arginine, carbidopa, at least about 4% by weight levodopa, and
optionally meglumine, wherein the parenteral composition has a pH of 9.1 t0 9.8, i.e., 9.1, 9.2,
9.3, 9.4, 9.5, 9.6, 9.7 or 9.8, at 25°C. Such compositions may have a molar ratio of active
components, i.e., carbidopa and levodopa, to arginine of 1:1.8 to 1:3.5, or 1:2.2 to 1:2.5. More
particular such compositions comprise 4% to 12%, or 5% to 30%, by weight levodopa, and/or
1% to 6%, or 1% to 2%, by weight carbidopa.

[0030] In some embodiments, the parenteral composition comprises arginine, carbidopa, and
at least about 4% by weight levodopa, as defined hereinabove, and further comprises
meglumine. Certain particular such compositions are those wherein the molar ratio of active
components to the arginine is 1:1.1 to 1:1.9, and/or the molar ratio of active components to the
meglumine is 1:0.3 to 1:1.2, 1:0.3 to 1:1.5, 1:0.4, or 1:1.1. Other particular such compositions
are those comprising 2.0% to 11% by weight meglumine, and/or 10% to 35% by weight
arginine.

[0031] In more particular embodiments, the parenteral composition comprises arginine,
carbidopa, at least 4% by weight levodopa, and optionally meglumine, as defined in any one of
the embodiments above, and further comprises at least one agent capable of inhibiting the
formation of oxidation products, e.g., ascorbic acid or a pharmaceutically acceptable salt
thereof such as sodium ascorbate, calcium ascorbate, potassium ascorbate, ascorbyl
palmitate, or ascorbyl stearate, L-cysteine, N-acetylcysteine (NAC), gluthatione (GSH), Nao-

EDTA, Nax>-EDTA-Ca, or a combination thereof.



DK/EP 2968218 T3

[0032] According to the present invention, parenteral compositions comprising arginine,
carbidopa, at least 4% by weight levodopa, and optionally meglumine, as defined in any one of
the embodiments above, may further comprise sodium bisulfite.

[0033] In certain specific embodiments, the parenteral composition according to the method of
the present invention comprises 6% by weight levodopa, 0.6% to 1.4% by weight carbidopa,
15% to 16% by weight arginine, and 0.5% by weight ascorbic acid; may further comprise 0.4%
by weight L-cysteine and/or 0.5% by weight NAC; and has a pH of 9.4 to 9.6.

[0034] In some aspects, the parenteral composition comprises about 12% to about 15% by
weight levodopa, about 1.2% to 4% by weight carbidopa, 32% to 42% by weight of either
arginine or meglumine; and 1.0% to 1.3% by weight sodium ascorbate; may further comprise
0.1% to 0.5% by weight L-cysteine and/or NAC and/or cysteine-HCI; and has a pH of 9.6 to 9.8.

[0035] In some aspects, a parenteral composition having any one of the various compositions
defined above is administered concomitantly with an oral composition comprising entacapone.
Entacapone may be administered at a dosage of, e.g., 10 to 1600 mg per day, 50 to 400 mg
per day, 100 to 600 mg per day, 400 to 1200 mg per day, 1000 to 1400 mg per day, or 1200
mg to 1600 mg per day. The oral composition may be administered 1, 2, 3, 4 or 5 times a day.
In particular embodiments, entacapone is administered at a lower frequency than presently
recommended, e.g., two to three times per day, or in a lower daily dosage amount.

[0036] In certain embodiments, the oral composition comprises entacapone, and it is
administered concomitantly with the parenteral composition at a dose 400, 450, 500, 550 or
600 mg, twice or three times a day. In more particular such embodiments, the oral composition
is administered at a dose of 400 mg, twice a day.

[0037] Oral compositions of entacapone may be in any suitable form. For example, the oral
composition may be formulated as a pill, hard or soft capsule, tablet, troches, lozenges,
aqueous or oily suspensions, dispersible powders or granules, emulsions, syrups or elixirs.
The oral formulation may comprise, e.g., 200 mg to 600 mg, 50 mg to 200 mg, or 100 mg, of
entacapone per dose. In some cases, the oral formulation may be a controlled release
formulation, i.e., formulated for controlled (sustained, extended, or prolonged) or delayed
release of entacapone.

[0038] The various pharmaceutical compositions utilized according to the method of the
invention may be prepared by conventional techniques, e.g., as described in Remington: The
Science and Practice of Pharmacy, 19th Ed., 1995. The compositions can be prepared, e.g., by
uniformly and intimately bringing the active component/components into association with a
liquid carrier, a finely divided solid carrier, or both, and then, if necessary, shaping the product
into the desired formulation. The compositions may be in liquid, solid or semisolid form and
may further include pharmaceutically acceptable fillers, carriers, diluents or adjuvants, and
other inert ingredients and excipients. In one embodiment, the pharmaceutical composition of
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the present invention is formulated as nanoparticles.

[0039] The parenteral compositions utilized may be prepared by mixing levodopa and
carbidopa optionally together with arginine and/or meglumine and/or one or more antioxidants,
in amounts as disclosed above, to form a powder mixture. Water may be added to the mixture
to form a suspension. The suspension may be heated, e.g., to about 60-90°C, more
particularly to about 721+5°C, e.g., by adding pre-heated water and/or by placing the mixture in
a hot (e.g., 72+5°C) water bath for a sufficient time period, e.g., for about 3 minutes, about 5
minutes, about 10 minutes or more, to form a solution, with optional stirring, and cooling the
solution to form the composition. N> may be provided the head space of the container. For

example, the mixture can be removed from the hot water bath and cooled to room temperature
(RT), and an antioxidant may then be added under N> atmosphere and subsequent stirring. A

preparation such as that above, e.g., where levodopa, carbidopa, and arginine are mixed
together as powders first, and a suspension with water is then formed and heated, may result
in a more stable solution as compared to a preparation that includes a step wise preparation of
individual water suspensions of ingredients and later combination.

[0040] The parenteral compositions may be sterilized, e.g., using 0.2 yM filters such as filters
with nylon or polyvinylidene difluoride (PVDF) membranes. In some embodiments, the
compositions have fewer undesirable by-products, e.g., toxic by-products, or contaminants,
e.g., hydrazine, when carbidopa and levodopa are present at the same time, and when
prepared using certain antioxidants, e.g., ascorbic acid or salts thereof, rather than others,
e.g., sodium bisulfite. In other embodiments, the compositions have fewer undesirable by-
products when pre-heated water is added as disclosed above, as compared to formulations
prepared without the addition of pre-heated water. In further embodiments, the levodopa
and/or carbidopa may not dissolve unless the preparation procedure described above is used.
Such preparations as described above may provide more stable formulations as compared to
formulations prepared without adding hot water or heating.

[0041] Oral compositions of entacapone may be prepared according to any method known in
the art for the manufacture of pharmaceutical compositions and may further comprise one or
more ingredients selected from sweetening agents, flavoring agents, coloring agents and
preserving agents in order to provide pharmaceutically elegant and palatable preparations.
Tablets contain the active component, i.e., the COMT inhibitor, in admixture with non-toxic
pharmaceutically acceptable excipients, which are suitable for the manufacture of tablets.
These excipients may be, e.g., inert diluents such as calcium carbonate, sodium carbonate,
lactose, calcium phosphate, or sodium phosphate; granulating and disintegrating agents, e.g.,
corn starch or alginic acid; binding agents, e.g., starch, gelatin or acacia; and lubricating
agents, e.g., magnesium stearate, stearic acid, or talc. The tablets may be either uncoated or
coated utilizing known techniques to delay disintegration and absorption in the gastrointestinal
tract and thereby provide a sustained action over a longer period. For example, a time delay
material such as glyceryl monostearate or glyceryl distearate may be employed. They may
also be coated using the techniques described in the US Patent Nos. 4,256,108, 4,166,452
and 4,265,874 to form osmotic therapeutic tablets for control release. The oral compositions
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may also be in the form of oil-in-water emulsion.

[0042] The oral compositions may be formulated for either immediate or controlled release of
entacapone. Such controlled release compositions may be formulated as controlled-release
matrix, e.g., as controlled-release matrix tablets in which the release of a soluble active agent
is controlled by having the active diffuse through a gel formed after the swelling of a hydrophilic
polymer brought into contact with dissolving liquid (in vitro) or gastro-intestinal fluid (in vivo).
Many polymers have been described as capable of forming such gel, e.g., derivatives of
cellulose, in particular the cellulose ethers such as hydroxypropyl cellulose, hydroxymethyl
cellulose, methylcellulose or methyl hydroxypropyl cellulose, and among the different
commercial grades of these ethers are those showing fairly high viscosity. In other
embodiments, the compositions comprise the active component formulated for controlled
release in microencapsulated dosage form, in which small droplets of entacapone are
surrounded by a coating or a membrane to form particles in the range of a few micrometers to
a few millimeters.

[0043] Other contemplated formulations are depot systems, based on biodegradable
polymers, wherein as the polymer degrades, the active component is slowly released. The
most common class of biodegradable polymers is the hydrolytically labile polyesters prepared
from lactic acid, glycolic acid, or combinations of these two molecules. Polymers prepared from
these individual monomers include poly (D,L-lactide) (PLA), poly (glycolide) (PGA), and the
copolymer poly (D,L-lactide-co-glycolide) (PLG).

[0044] The treatment strategy disclosed herein is aimed at increasing the half-life of
administered levodopa and substantially reducing the pulsatility of plasma levels thereof, by co-
administering levodopa and carbidopa, and substantially constantly inhibiting COMT activity,
thus providing the individual treated with a constant plasma levodopa level that will lead to
constant dopaminergic stimulation in the brain, and at the same time limiting the side effects
caused by high plasma levodopa levels resulting from high dose levodopa administration.
Contemplated administration of levodopa, carbidopa and entacapone according to the method
of the present invention can typically be carried out over a defined time period, e.g., days,
weeks, months and even years, depending on the state of the patient, and as deemed
appropriate by the practitioner.

[0045] In another aspect, the present invention relates to carbidopa levodopa or a
pharmaceutically acceptable salt thereof, and entacapone for use as a combination in
treatment of Parkinson's disease, wherein carbidopa and levodopa are formulated, as a
combination, as a continuous subcutaneous composition(s), and said entacapone is
formulated as an oral composition.

[0046] In a particular such aspect, the invention relates to carbidopa, levodopa and
entacapone for use as a combination in the treatment of Parkinson's disease, wherein the
carbidopa and the levodopa are formulated as a sole parenteral composition as defined above,
and said entacapone is formulated as an oral composition as defined above.
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[0047] Particular such parenteral compositions are suitable for continuous administration.

[0048] Also contemplated herein is a kit comprising: (i) a parenteral composition as defined
above, preferably continuous parenteral administration, said parenteral composition
comprising carbidopa, levodopa, and arginine; (ii) an oral composition as defined above, i.e., a
pharmaceutical composition formulated for oral administration, said oral composition
comprising entacapone; and (iii) instructions for concomitant administration of the
pharmaceutical compositions for the treatment of Parkinson's disease.

[0049] The parenteral composition included in the kit disclosed may be liquid or a lyophilized
powder that can be reconstituted into a liquid formulation, or may form part of a dermal patch,
and/or may be designed for continuous administration by subcutaneous administration. The
oral composition included in the kit may be formulated for either immediate or controlled
release of entacapone and may be in any one of the forms described above.

[0050] In certain embodiments, either the parenteral or oral composition included in the kit
disclosed, or both, may be provided in a container(s), i.e., a pre-filled cartridge(s), suitable for
use by a patient or a physician. For example, provided herein is a kit comprising a prefilled
cartridge containing a parenteral liquid composition comprising carbidopa, levodopa and
arginine; and an oral composition, e.g., one or more tablets or pills, of entacapone; and
optionally instructions for use.

[0051] The invention now being generally described, will be more readily understood by
reference to the following examples.

EXAMPLES

Example 1. Preparation of solutions/formulation for subcutaneous administration

[0052]

1. A. A 2% carbidopa solution/formulation was prepared by adding pre-heated 0.1% Na-
bisulfite solution to carbidopa [ASSIA Ltd.]. Arginine (Merck) was added to obtain a final
molar ratio of 1:1.2 CD (carbidopa):Arg(arginine). The mixture was stirred at 60°C until
complete dissolution was obtained. Heating was stopped and the preparation was
allowed to cool down to RT; pH of 8.5. Solution was filtered using a sterile 0.22 yM PVDF
membrane.

2. B. A 10% tolcapone solution/formulation was prepared as follows: a solution containing
10% tolcapone was prepared by adding the respective amount of H,O to tolcapone

(Synfine Research), slowly adding arginine while stirring to obtain a final molar ratio of
1:1. The mixture was stirred until complete dissolution was obtained. After cooling down,
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the pH of the solution was 7.8.
3. C. A solution containing 10% entacapone was prepared by adding the respective
amount of H,O to entacapone (Suven Life Sciences), stirring at 30-35°C and slowly

adding arginine to obtain a final molar ratio of 1:1. The mixture was stirred until complete
dissolution was obtained. After cooling down, the pH of the solution was 6.9. The pH of
less concentrated solutions (6%) was 7.8. After preparation, such entacapone solution
can be diluted to a 2%, 3% or 4% by weight formulation.

Entacapone did not dissolve (at concentrations >1%) with other amino acids such as
histidine and glutamic acid or in buffers at various pHs.

4. D. A 7% levodopa/2% carbidopa solution was prepared by adding pre-heated 0.1% Na-
bisulfite solution to arginine. Levodopa was added to obtain a final molar ratio of 1:2
LD:Arg. The mixture was stirred at 75-80°C until complete dissolution was obtained.
After cooling down to 60°C, carbidopa and arginine were added to obtain a final molar
ratio of 1:1.2 CD(carbidopa):Arg(arginine). The mixture was stirred at 60°C until
complete dissolution was obtained. After cooling, about 12.5% more arginine was added
to the solution. The pH of the solution was about 9.2.

5. E. A7% weight percent levodopa solution was prepared by adding pre-heated 0.1% Na-
bisulfite solution to arginine. Levodopa was added to obtain a final molar ratio of 1:2
LD:Arg. The mixture was stirred at 75-80°C until complete dissolution was obtained.
After cooling down, the pH of the solution was about 9.4.

6. F. A2% or 4% entacapone or tolcapone solution was prepared by dissolving entacapone
or tolcapone in a solution containing 1 equivalent of meglumine (molar ratio of
entacapone/tolcapone:meglumine was 1:1) at a pH of 8.23.

Example 2. Formulation preparation procedure

[0053] Levodopa (LD) and carbidopa (CD) formulations can be prepared as follows. However,
as shown in Table A, the method of preparation has significant impact on the resulting physical
and chemical stability of the composition.

[0054] Method 1 (L-Ars solution). L-Arg and Na-Bis (Na-bisulfate) were dissolved in water.
The solution was added to the LD and CD powders. The mixture was heated with stirring for 13
min at 75°C until fully dissolved. LD/CD solution was kept at RT for 10 min to cool down.

[0055] Method 2 (all powders together). All powders (LD, CD and L-Arg) were weighed and
water with Na-Bis was added. Suspension was heated with stirring for 13 min at 75°C until fully
dissolved. LD/CD solution was kept at RT for 10 min to cool down.

[0056] Method 3 (same as 2 without Na-Bis pre-heating). All powders (LD, CD and L-Arg)
were weighed together and water was added. Suspension was heated with stirring for 13 min
at 75°C until fully dissolved. LD/CD solution was kept at RT for 10 min to cool down.
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[0057] Method 4 (preparation in steps). LD and the respective amount of L-Arg were
weighed; water and Na-Bis solution were added. The suspension was heated for 7 min at 75°C
until fully dissolved followed by 7 min at RT. CD and the respective amount of L-Arg were
weighed, and added to the LD/Arg solution at 60°C until fully dissolved. Finally, extra L-Arg was
added.

[0058] Method 5 (same as 4 without Na-Bis pre-heating). LD and the respective amount of
L-Arg were weighed; water was added. The suspension was heated for 7 min at 75°C until fully
dissolved followed by 7 min at RT. CD and the respective amount of L-Arg were weighed, and
added to the LD/Arg solution at 60°C until fully dissolved. Finally, extra L-Arg was added.

[0059] After cooling down, all formulations from all methods were divided in to 3 vials, and
water, Na-Bis solution or Na-Bis-Arg solution was added to each vial. The physical and
chemical stability were evaluated and are presented in Tables A1 and A2.

Table A1 - Physical stability

First test Second test
Method
24 48 72 hours 24 48 hours
hours { hours hours
Water +++ ++
1 Na-Bis solution +++ NR NR ++ NR
Na-Bis solution
titrated with L-Arg § *7 ' T
Water + ++ - +/-
5 Na-Bis solution - + NR - +/-
Na-Bis solution
titrated with L-Arg - +h- - +h-
Water - - + -
+ (more
3 Na-Bis solution - - than - Very few particles
13,15) at the bottom
Na-Bis solution ) +
titrated with L-Arg
Water + +
4 Na-Bis solution + NR NR + NR
Na-Bis solution e +
titrated with L-Arg
Water ++ +
5 Na-Bis solution ++ NR NR + NR
Na-Bis solution
titrated with L-Arg i *
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- No precipitate + Precipitate §

[0060] The formulations were sampled for HPLC analysis at the end of the preparation and
after 5 days at RT. The recovery after 5 days at RT was calculated and compared to T=0.

[0061] The results in Table A1 and A2 clearly show that the method of formulation preparation
has a significant impact on its physical and chemical stability. The formulation of Method 3
shows significantly more stability.

Table A2 - Chemical stability

First test Second test
Method LD recovery { CDrecovery ; LD recovery { CD recovery
after 5 days after 5 days after 5 days after 5 days
(%) (%) (%) (%)
Water 90.6 98.0 89.5 100.4
Na-Bis 90.6 98.6 87.0 101.3
solution
T INaBis
solution
titrated with 90.8 98.0 88.9 99.9
L-Arg
Water 98.4 98.2 99.1 100.1
Na-Bis 98.2 98.1 99.4 100.5
solution
2 {Na-Bis
solution
titrated with 99.0 98.5 98.9 99.5
L-Arg
Water 99.7 97.5 95.5lal 96.5
Na-Bis b
solution 99.2 97.7 g7 7[bl 99.1
3 Na-Bis
solution b
titrated with 99.5 98.1 94 9lbl 96.2
L-Arg
Water 9r.7 97.5 96.3 99.3
Na-Bis 96.0 95.8 94.9 97.6
solution
4 {Na-Bis
solution
titrated with 9r.7 97.9 96.3 100.0
L-Arg
Water 97.9 96.3 98.1 100.9
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First test Second test

Method LD recovery { CDrecovery { LD recovery { CD recovery

after 5 days after 5 days after 5 days after 5 days

(%) (%) (%) (%)
Na-Bis 98.2 98.0 98.2 102.2
solution
> Na-Bis

solution
titrated with 97.4 96.7 98.3 100.6
L-Arg

[l The recovery values were lower at the second test compared to the first test,

due to technical problem which occurred during the sampling. 0] The recovery
values were lower at the second test compared to the first test, due to technical
problem which occurred during the sampling.

Example 3. Effect of arginine
levodopalcarbidopa compositions

on long term stability of levodopa and

[0062] Liquid formulations with levodopa, carbidopa and arginine were prepared using the
procedure outlined in Example 2, and comparative studies on formulations with a different
concentration of arginine and/or an amino sugar (e.g., meglumine), and /or a sugar (e.g.
dextrose), and/or a base (NaOH), or another basic amino acid (e.g., lysine, histidine) were
prepared. The results are shown in Table B.

Table B
Amino Acid (AA) Other _
LD/CD Physical
Ccznc. Name | Conc.1 Molarratio {, _{Conc. I\:I;tliir Dissolution| stability at
(%) (%) { (APL:Arg) (%) (APLCI) RT
10/0 Lys | 85 1:2.5 - - - No NA
5/0 Lys § 9.25 1:2.5 - - - No NA
3.3/0 { Lys | 6.2 1:2.5 - - - No NA
3/0 Lys { 56 1:2.5 - - - Partial NA
250 § Lys | 46 1:2.5 - - - Yes 2 days
5/0 His 9.8 1:2.5 - - - No NA
2.5/0 { His §{ 49 1:2.5 - - - No NA
1.25/0§ His { 2.5 1:2.5 - - - Yes 14 days
9/0 Arg { 8.2 1:1 - - - No NA
47/0 §{ Arg { 4.0 1:1 - - - No NA
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Amino Acid (AA) Other _
LD/CD Physical
C(g/nc. Name | Conc. | Molar ratio {, ___{Conc. I\:I;(Iiir Dissolution Stabl_g_il’fy at
0] . 0]
(%) (%) { (API:Arg) (%) (API:CI)
9.5/0 § Arg § 15.9 1:1.9 - - - Yes 2 days
48141 Arg { 1101 120 ; ; ; Yes =2
months
4814} Arg {1211 122 ; ; ; Yes 22
months
48141 Arg {1271 124 ; ; ; Yes =2
months
54115} Arg | 1351 1:2.1 ; ; ; Yes 22
months
54115 Arg {1481 123 ; ; ; Yes =2
months
6/1.5 § Arg | 14.8 1:2.1 - - - Yes =1 month
6151 Arg 11601 123 A ; Yes =2
months
712 Arg { 17.8 1:.2.2 - - - Yes =1 month
7115 | Arg | 14.1 1:1.8 Dex | 5.0 : Yes Color
change
8151 Arg 11571 119 Dex | 5.0 : Yes Color
change
101.5] Arg {1921 119 Dex | 5.0 : Yes Color
change
. . 23
6/1.5 §{ Arg 93 1:1.5 NaOHi 4.6 1:0.5 Yes months
5/0 - - - Meg § 5.0 1:1 No NA
5/0 - - - Meg § 5.9 1:1.2 No NA
5/0 - - - Meg §{ 10.8 1:2.2 Yes NA
245
815 { Arg { 15.7 1:1.9 Meg { 3.2 1:04 Yes
months
815 Arg | 1221 115 |{Meg| 791 11 Yes 24.9
. g . 1. gl 7 ; months
245
10/1.5¢ Arg { 19.2 1:1.9 Meg § 4.0 1:04 Yes
months
245
10/1.5§ Arg | 146 1:1.5 Meg § 9.9 1:1 Yes
months
245
715 § Arg § 14.1 1:1.9 Meg § 2.8 1:04 Yes
months
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Amino Acid (AA) Other _
LD/CD Physical
Conc. N Conc.{ Molar ratio N Conc. Motl_ar Dissolution Stablllty at
o ameyi . _ amei ratio RT
(%) (%) { (API:Arg) (%) (API:CI)
7151 Arg 11071 115 |{Meg| 69 ] 11 Yes 24.9
. g . 1. g . : months

*Lys - lysine; His - histidine; Arg - arginine; Dex - dextrose; Meg - meglumine; NA -
not available.

[0063] Table B indicates that arginine forms stable solutions with high concentrations of
levodopa and carbidopa (>2.5%) at molar ratios <1:2.5, whereas with other basic amino acids
LD does not even dissolve under these conditions. At molar ratios of LD/CD to arginine 1:<2,
the solutions do not have long term stability, unless meglumine or another counterion is used,
and meglumine may be used to reduce the molar ratio of arginine to LD/CD.

[0064] Liquid formulations were prepared by weighing all powders (LD, CD and L-Arg) and the
addition of water pre-heated to 73+3°C. Suspension was put in a water bath at 73+3°C and
stirred for 10 min until fully dissolved. LD/CD solution was kept at RT for 10 min to cool down.
Then, ascorbic acid was added. Solutions were divided into glass vials and kept at +25°C and
at -20°C for the indicated period of time. Prior to analyses, frozen vials were placed at RT until
fully thawed. Formulations were then mixed and subjected to stability analyses.

[0065] Tables C1-C6 indicate the effect of L-Arg on physical and chemical long term stability at
+25°C and at -20°C. In particular, these Tables show that there is a correlation between the
molar ratio of arginine to LD/CD and stability where generally compositions having more
arginine, have longer stability: LD/CD:arginine solutions (at molar ratios of 1:22.1) are stable
for at least 1 month at RT and at -20+5°C. The solutions are stable even at very high solid
concentrations (total of >45%).

Table C1
Stability (% from T=0)
Eormulation L-Arg Physical stability atRT
concentration (%) at RT 5 2 months
LD CD LD CD
13.5 6 days 100.0{97.5
6/1.5% LD/CD (1% 14.2 100.8§96.7
Na-Asc) 14.8 At least 7 days | 99.6 {96.6
16.0 99.5 {96.6
11.0 99.4 {97.3}100.1{93.7
4.8/1.4% LD/CD (1% 11.6 At least 2 98.9 197.41100.6196.2
Na-Asc) 12.1 months 99.1 {97.0{100.3}94.3
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Stability (% from T=0)
Eormulation L-Arg Physical stability at RT
concentration (%) at RT 5 2 months
LD CD LD CD
12.7 99.4 {97.2} 99.0 {92.4
Table C2
Stability (% from T=0) 2
L-Arg Physical weeks at -20+5°C
Formulation concentration stabilit Immediately {24 hours at
(%) Y| after thawing RT
LD CD LD CD
13.5 99.7 {98.4 {100.0§99.1
6/1.5% LD/CD (1% 14.2 Atleast 24h { 998 {98.11101.0{994
Na-Asc) at -20°C 14.8 after thawing {1 100.0 { 98.9 { 99.9 {98.9
16.0 99.9 {98.8{100.3;99.3
Table C3
_ _ Physical stability (at RT)
Formulation L-Arg concentration (%)
1% Na-Asc 1% Asc
14.8
6/1.5% LD/CD 15.8 At least 3 weeks | At least 3 days
16.8
12.3
5.4/1.5% LD/CD 13.5 At least 3 days
14.8
Table C4
L-Arg | Physical stability Stability (% from T=0) at RT
Formulation §{ conc. (after 2 month at 1 weeks 2 weeks 1 month
(%) RT) LD CD LD CD LD CD
5.4/1.5% 13.5 + 101.43100.4§101.7§ 98.4 {98.8{103.1
LD/CD (1%
Asc) 14.8 + 101.43101.4§102.0§100.1§{99.0{104.2
6/1.5% 14.8 + 101.8§101.5§101.6§ 99.6 {99.0{104.2
LD/CD (1%
Asc) 16.0 - 101.1§100.43102.8{100.6{99.4{104.2
0,
712% LD/CD + 101.71101.01102.7{ 99.7 {98.7 {103.1
(1% Asc) 178
712% LD/CD '
(1% Na-Asc) - 100.6§ NA {101.9§ 99.2 {98.4{103.6

Table C5
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_ Stability (% from T=0) § Stability (% from T=0)
L-Arg | Physical i 2 weeks at-20#5°C, { 5 weeks at -20£5°C,
Formulation! conc. | Stapility (11 immediately after immediately after
(%) days after thawing thawing
thawing)
LD CD LD CD
5.4/1.5% 13.5 + 102.3 99.5 99.4 104.3
LD/CD (1%
Asc) 14.8 - 102.7 101.3 99.6 104.6
6/1.5% 14.8 - 102.6 101.1 99.1 104.2
LD/CD (1%
Asc) 16.0 - 103.2 100.9 99.2 104.3
712%
LD/CD (1% + 102.8 101.0 99.2 104.3
Asc)
17.8
712%
LD/CD (1% - 102.9 101.0 99.4 104.4
Na-Asc)
Table C6
LD/CD concentration § L-Arg concentration (%) Physical stability at 25°C
Considerable precipitate on Day
24.4 5
0,
1213 % 29.6 Slight precipitate on Day 5
32.1 No precipitate on Day 7

[0066] Formulations containing 6/1.5% and 5.4/1.5% LD/CD and varying L-Arg concentrations
were titrated with acetic acid (100%) or lactic acid (85%), to study the effect of pH and L-Arg
concentration on the physical stability of the solutions (Table D).

Table D
Argljnine N':—SXQC bealc—)lre L(alzt)ic aﬁtl—el.r dﬁgp ho‘l‘Jrs 24 hours

(%) lactic
9.53 { 1.1 9.25 {-0.28]y OK +
148 {Na-Ascj 953 § 1.7 9.16 {-0.37}{ + +
953 4§ 23 9.02 §-0.51} ++ +
941 {1 085§ 924 {-0177 OK +
14.8 Asc 942 { 13 9.14 {-0.28] + +
9.41 1.7 9.06 §-0.35{ + +
9.52 { 1.1 9.33 {-0.19] OK OK
158 {Na-Ascj 950 § 1.7 9.21 {-0.32§ OK +
6/1 5% 9563 § 23 9.08 §{-0.45; + +
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Argli_nine N':—SXQC bealc—)lre L(alzt)ic agtl—el.r dﬁgp ho‘l‘Jrs 24 hours
(%) lactic
LD/CD 944 { 085 927 {-0.17{ OK OK
15.8 Asc 945 { 13 9.19 {-0.26§ OK +
945 §{ 1.7 9.11 {-0.34] + +
956 { 1.1 9.36 §{-0.20§ OK OK
16.8 {Na-Asc} 956 { 1.7 9.23 §-0.33} OK OK
956 { 2.3 9.09 {-0.47§ OK +
946 { 0.85 { 9.30 {-0.16)y OK OK
16.8 Asc 946 { 1.3 9.20 {-0.26§ OK OK
947 { 1.7 9.11 {-0.36] OK +
Argli_r;ine Asc/ pH jLactic{ Aceticji pH { pH 2 3 10
(%) Na-Asc jbeforej (%) (%) jafter} drop idaysidaysjdays
9.41 { 0.36 - 9.35{-0.06§ OK{ + +
12.3 {Na-Asci{ 943 § 1.0 - 9.18{-025} ++ { + +
9.43 - 0.35 {9.29{-014{ OK{ + +
9.28 | 0.36 - 9.20{-0.08} ++ §{ + +
12.3 Asc {929 10 - 9.05{-0.24§ ++ §{ ++ | ++
9.29 - 0.35 {9.14{-0.15{ ++ | ++ | ++
9.50 §{ 0.36 - 9.38§-0.12{ OK{ OK { OK
13.5 {Na-Asci 9.48 § 1.0 - 9.25{-0.23§ + + +
5 4/1 5% 9.49 - 0.35 {9.35{-0.14;{ OK ; OK { OK
LD/CD 9.32 { 0.36 - 19251-007) + | + | +
13.5 Asc { 933§ 10 - 9.11{-022§ ++ | ++ | ++
9.34 - 0.35 {9.20{-0.14{ + + +
9.51 §{ 0.36 - 9.43{-0.08§ OK { OK { OK
148 {Na-Asc{ 9.51 § 1.0 - 9.281-0.23{ OK{ OK { OK
9.51 - 0.35 {9.38{-0.13§ OK{ OK { OK
9.36 §{ 0.36 - 9.29:1-0.07; OK { OK { OK
14.8 Asc {9371 10 - 9.13§-024§ +/- { + +
9.36 - 0.35 {9.23{-0.13§ OK{ OK § OK

*OK - no precipitate; +/- very few particles; + slight precipitate; ++ considerable

precipitate
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[0067] Table D indicates that ascorbic acid reduces the pH by 0.1-0.15 units as compared to
Na-ascorbate and that other organic acids can further reduce the pH of the formulations. But
the physical stability test results indicate that formulations are not generally stable at pH
<9.15+0.5. Formulations with Na-ascorbate appear more stable than formulations with
ascorbic acid at a given L-argininc concentration. Thus, it is suggested that excess of acid may
cause precipitation in the absence of adequate amount of L-Arg.

[0068] Table E shows the physical and chemical stability 3 weeks post-preparation of the
6/1.5/14.8% LD/CD/Arg formulation used for the stability tests shown in Table D.
Table E

_ N Stability (% of
Formulation Asc/Noa—Asc Physical stability (at To)
(1%) RT)
LD CD
6/1.5% LD/CD, 14.8% L- Asc 103.1 98.9
>3 weeks
Arg Na-Asc 101.1 | 97.4

Example 4: Stability of levodopa formulations with carbidopa in-vitro and ex-vivo

[0069] The effect of carbidopa on levodopa formulations was investigated. Levodopa (LD)
formulations were prepared with 0, 0.5, 1, 1.5 and 2% by weight carbidopa (CD) and a
constant concentration of arginine. Physical and chemical stabilities were evaluated, as shown
in Table F.

Table F
Stability (% from T=0)
Formulation N2 +/- { Physical stability 3 days 15 days
LD CD LD CD

+ Stable 99.2 NA 103.4 NA
w/o CD

- Stable 98.1 NA - NA

+ Stable 98.6 { 947 | 1041 108.1
0.5% CD

- Stable 98.7 } 956 - -

+ Stable 989 { 952 | 1025 | 1044

7%LD}{ 1% CD . —

- Slight precipitate { 97.9 { 94.0 - -

+ 98.1 { 942 | 103.7 | 104.8
1.5% CD 7 days

- 996 { 96.0 - -

+ 989 { 945 | 1029 { 103.3
2% CD 4 days

- 98.3 } 94.8 - -




DK/EP 2968218 T3

[0070] The experimental results shown in Fig. 1A indicate that carbidopa prevented dark
yellow color formation in the presence of air, in a dose related manner. In the absence of air
(with N2 in the head space) 0.5% CD was sufficient to inhibit this color formation. It is

suggested that CD inhibits oxidation of LD in vitro. The experimental results shown in Table F
indicate that carbidopa does not have a significant effect on the chemical stability of levodopa.
It also shows that the ratio between arginine and the total active ingredients is important to
prevent precipitation, i.e., the physical stability of the formulation is depended on the relative
concentration of arginine

[0071] In an additional experiment, LD formulations were prepared with 0, 0.5, 1 and 2% CD
and respective concentrations of arginine. Physical and chemical stability were evaluated, and
results are shown in Table G.

Table G
Chemical stability at RT (% of
to)
. L-Arg Physical stability at RT 1
Formulation (%) 3 days 1 month after month after thawing LD
thawing
LD | CD LD cD
8% LD / 0% 8%LD /
o 135 {1023] - | OPO) 1135 102.3
o] o]
g&%é 14.2 1103.31100.4 gg;kg[’) 14.2 103.3
o] o] o]
6% é[[))/“’ 14.8 1103.51101.3 ";{Z)LCDD/ 14.8 1035
6% LD / 2% 8%LD /
o 16.5 {103.3{101.6] o) 1165 103.3

[0072] In the presence of adequate concentrations of L-arginine, all formulations ex-vivo were
stable for at least a month at RT following thawing, as shown in Table G.

[0073] The effect of carbidopa on the stability of levodopa formulations is shown in Fig. 1. A
7% LD/arginine solution, with or without 2% CD, was continuously administered at 0.08 ml/h
x18h, 37°C into a 5x5cm fresh, full-thickness pig skin. The right hand side of Fig. 1 indicates
the lack of black by-products formation, suggesting that CD inhibits oxidation of LD ex vivo and
may also inhibit the formation of o-quinones and melanin.

Example 5. Stability of carbidopa formulations with levodopa

[0074] The effect of levodopa on the stability of carbidopa was investigated. Table H indicates
results.



DK/EP 2968218 T3

[0075] Table H indicates that CD was less sensitive to oxidation and degradation and was
more stable in the presence of LD: the area of impurities at retention time (R.T.) 4.82, 5.65,
12.7, 13.53 and 14.55 were significantly increased under aerobic conditions when LD was not
present, and the area of impurities at R.T. at 4.82 and 13.53 were increased even in the
absence of oxygen. It appears that LD may protect CD from degradation.

Table H
T=0 T=4 days at 25°C
Formulation LD | CD LD CD | Recovery of CD
(mg/g)|(mg/g) (mg/g) (mg/g) (% of t0)
Air | 632 | 189 97.4

6% LD /2% CD| 60.3 | 19.4

2% CD N/A | 195 ===

T=0 Retention time (arca of impurily)
Formulation |3.38|3.54| 4.2 | 485 | 52 | 552 | 577:12.10/13.35 | 13.60 | 14.60
6% LD /2% o L .
CD NA |NA|1.08] 3.15 | 1.67 | 034 [ 086 | NA | 1.48 | 0.95 | 1.63
2% CD 1.30[025|NA| 1.79 | NA | NA [095/035] NA | 145 | 383
CD vs. CD/LD 06 Ll 150023
T=4 days Retention timme (area of impurity)
at 25°C 3.15(3.32|4. 1214 821565111921 12.10 | 12.27 | 12,70 13.53 [14.35
6% LD /2% |Air|12.23[1.00|2.10[3.57/1.94 1 0.79| 0.69 | 0.89 | 1.34 | 1.34 |16.82
CD 3, ' : ‘ 208 (11.82
. 40417022
2% CD _ 7L 2545
CD vs. CD/LD| Air 1.6 27406 Qi 400
a2

Example 6. Toxicity and pharmacokinetics of levodopa formulations with carbidopa

[0076] The effect of carbidopa on levodopa local toxicity was investigated in pigs: solutions
containing 6% LD and 0, 0.5 or 1% CD with the respective amount of arginine (13.5, 14.2 or
14.8%, respectively) were continuously administered SC to pigs at 0.16 mil/h x24h. Each
formulation was administered to 2 pigs. Skin samples were collected 811 days thereafter. Fig.
2 shows that the presence of 1% carbidopa reduces the severity and extent of levodopa
dependent toxicity, in-vivo.

[0077] The effect of carbidopa on the pharmacokinetics of levodopa and carbidopa were
investigated. Solutions containing 6% LD and 0, 0.5, 1 or 2% CD and the respective amount of
arginine (13.5, 14.2, 14.8 or 16.5%, respectively) were continuously administered SC to pigs at
0.16 ml/h x24h. Fig. 3 shows that CD has a significant effect on the pharmacokinetics of LD.
This effect was dose dependent and linear between +£0.3 and +1.2% CD.

Example 7. (Reference) Plasma levels of levodopa following subcutaneous
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administration

[0078] In this experiment, the purpose was to determine the plasma levels of LD (levodopa)
following continuous subcutaneous administration of carbidopa, levodopa or entacapone and
combinations thereof with oral LD/CD in pigs.

[0079] Landrace x Large White female pigs weighing about 22 kg were treated, starting on
Day 1 at 15.00 as per Table I, with oral LD/CD 100/25 and with the respective test
formulations, containing carbidopa, levodopa or entacapone and combinations thereof,
formulated with arginine, as described above, and administered continuously subcutaneously
via a dermal patch (Omnipod®) at a rate of 0.08 ml/h.

[0080] Table | indicates the treatment protocol of each group. The formulations were prepared
as in Example 1 and 2.

Table |
Treatment | oo CD CD+E E LD+CD | LD
group
n 3 3 3 2 2 y
2% 7%

SC route of § No SC 2% carbidopa 10% levodopa 7%
administrationjtreatmentjcarbidopaj + 10% {entacaponej +2% jlevodopa
entacapone carbidopa

Oral

treatment 100/25 levodopa/carbidopa

[0081] Blood samples were collected following the 3™ oral dose at pre-determined time points
and plasma levels of levodopa, carbidopa and 3-OMD were analyzed by HPLC-ECD.

[0082] Fig. 4 indicates the mean levodopa plasma concentrations following oral administration
of Sinemet (oral 100/25 LD/CD) with continuous SC administration of entacapone (200
mg/24h) +CD (40mg/24h), as two separate compositions (Fig. 4A); or LD (140 mg/24h) +CD
(40mg/24h) in pigs (Fig. 4B) (all subcutaneous formulations included arginine, as above).

[0083] Results show that there is a synergistic effect between entacapone (200 mg/24h) and
CD (40mg/24h) on the plasma pharmacokinetics (PK) of levodopa (ng/ml) when co-
administered continuously subcutaneously, as compared to the calculated LD plasma PK
obtained after adding the plasma concentrations of LD following the continuous SC
administration of CD and entacapone each alone (Fig. 1A and Table 2, C vs. B+D). Results
also show that there is an additive effect between levodopa (140 mg/24h) and CD (40mg/24h)
on the plasma PK of levodopa (ng/ml) when co-administered continuously subcutaneously, as
compared to the calculated LD plasma PK obtained after adding the plasma concentrations of
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LD following the continuous SC administration of CD and LD each alone (Fig. 1B and Table 2,
E vs. D+F). Moreover, the results suggest that continuous SC administration of LD and CD
may be sufficient to maintain constant, continuous levodopa plasma concentrations even in the
absence of oral LD/CD administration (Fig. 4B dotted line and Table J 'E minus A'). Table J
presents concentrations of plasma levodopa 6% and 8h post-oral LD/CD administration.

Table J

SC

(régtment Nonel E |E+cD| ¢D |LD+CD (LD+CD)-None LD LD+CD E+CD
A B c D E calculated F cdlculated | calculated
Timec E-A D+F B+D
oint (h)
6.5 51 | 179 1695 | 998 | 1226 1174 322 1320 1177
8 0 0 | 1474 | 868 | 1227 1227 413 1281 868

* E - entacapone; CD - carbidopa; LD - levodopa; NA - not Available

[0084] Fig. 5 shows tissue biopsies from the application site of the levodopa-carbidopa
arginine combination formulation and the levodopa/arginine formulation. No visible tissue
irritation or damage was apparent in the levodopa-carbidopa arginine formulation. The site
administered with levodopa-arginine formulation appears to have some blackening of tissue.
Without being limited by any theory, it is thought that having carbidopa and arginine together
with levodopa (arginine) formulation protects the local tissue from local damage of levodopa by
preventing oxidation of levodopa into irritant by products, and that carbidopa is a potent anti-
oxidant.

Example 8. Additional exemplary carbidopa and levodopal/carbidopa formulations

[0085] In Tables K and L, additional exemplary carbidopa and levodopa/carbidopa

formulations are provided.
Table K: Additional carbidopa formulations

; Property o
APl concentration 2 & 4% 4% 0.6-20%
- CD:arginine ratio © 1:1.1-1.2 1:1.5 1:>1
' 3.5% 0 0-15%
Excipients 0.1% 0 0-0.2%
concentration 0 0.75% 0-2% or more
o - 0 0.1% 0-0.2% or more
- - 0-2%

200-1800 for SC

| Osmolahty . 650-750 300-400 No Timits for D
' H ' 8.2-8.6 8.6-9.1 8-9.8
Lo 48-72 hours >21days 2wks — >2 years
Stability Not stablc >21days 2wks — 22 years
L > 1 year >21days 2wks — 22 years
SC infusion/24hours 2ml 2ml 0.1-6 ml

Table L: Additional levodopa/carbidopa formulation

Property
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API Qorlor2% 1-2% 0-4% up to 8%
Conconiation 3-7% 5-7T% 2.5-12% up to
; ~ ' 24%

6:1-6:3 or LD alone 3.5-4:1 1;1-10:0.5
1:1.2 1:9-14 1:>1
‘ Rétiés 1:1.8-2.2 1:2-3.5 1: >1.8
[1:1.2 CD:Arg +
1:2 LD:Arg] 1:2.3-2.5 1:>21.8
+12.5% Arg
0 0 0
:Ex:cipi‘c'nt‘s 0.075-0.15% 0 0-0.2%
e 0 0.75 0-2% or more
- - 0-2%

o 1300-1500 -
 Ouehli tyf 950-1150 1200-1300 200—1890 for SC
~ ‘ 800-850 940-980 No limits for ID

‘ ' NT 790-830
oH 8.5-9.5 9.2-9.6 9.1-9.8
>2 days >2 months >2 days
Stability <2 days >2 days >2 days
o >2 days >2 months >2 months

. SC infusien/24 howrs 2 ml 2-6 ml 0.1-10 ml/site

- Intraduodenal/24 hours -- - 4-24 ml
' Intrathecal = -- -- 1-1000 pl/day

Example 9. Plasma levels of levodopa, carbidopa, and 3-O-methyldopa following
continuous subcutaneous administration of carbidopa and levodopa and oral
administration of entacapone

[0086] In this experiment, the purpose was to determine the plasma levels of levodopa (LD),
carbidopa (CD), and 3-O-methyldopa (3-OMD) following continuous subcutaneous
administration of carbidopa and levodopa, and oral administration of entacapone in human
volunteers.

[0087] A single center, double-blind, randomized, placebo-controlled, study was conducted
with six healthy Caucasian males volunteers, aged 18-40 years old. LD (6%) /CD (1.5%) was
administered at a rate of 240 ul/h, corresponding to 360 mg of LD and 90 mg of CD per 24
hours. Entacapone (200 mg) was administered orally every 2 hours, starting 15h after infusion
initiation of LD/CD. Plasma LD, CD and 3-OMD concentrations were quantified at pre-
determined time points.

[0088] As shown in Fig. 6, the results demonstrate that oral entacapone increased the plasma
concentrations of LD attainable with the continuous SC administration of LD/CD by 50% within
9 hours after the initiation of entacapone dosing. The plasma concentrations of LD did not
reach a steady state by the time the study was terminated 24 hours after LD/CD infusion
initiation and 9 hours after entacapone dosing initiation. The plasma concentrations of 3-OMD
were significantly reduced. These results suggest that rather than administering 200 mg of
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entacapone 6-8 times daily, as is typically done with oral LD/CD administration, 400 mg
entacapone can instead be administered, e.g., twice or three times daily.
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Patentkrav

Carbidopa, levodopa og entacapon til anvendelse som en kombination ved
behandling af Parkinsons sygdom, hvor carbidopa og levodopa er formuleret som
selvstendig parenteral sammensetning til kontinuerlig subkutan administration, og
navnte entacapon er formuleret som en oral sammensatning og administreres i en

dosis af 400, 450, 500, 550 eller 600 mg to gange eller tre gange dagligt.

Carbidopa, levodopa og entacapon til anvendelse i overensstemmelse med krav 1,

hvor navnte entacapon administreres 1 en dosis af 400 mg to gange eller tre gange

dagligt.

Carbidopa, levodopa og entacapon til anvendelse i overensstemmelse med krav 1

eller 2, hvor nevnte entacapon administreres to gange dagligt.

Carbidopa, levodopa og entacapon til anvendelse i overensstemmelse med et
hvilket som helst af kravene 1 til 3, hvor navnte parenterale sammensatning

yderligere omfatter arginin.

Carbidopa, levodopa og entacapon til anvendelse i overensstemmelse med krav 4,
hvor navnte parenterale sammensatning har et molforhold af carbidopa og

levodopa til arginin pa fra 1:2 til 1:3.5.

Carbidopa, levodopa og entacapon til anvendelse i overensstemmelse med krav 5,
hvor navnte parenterale sammensatning omfatter (i) arginin, 0,1 til 2 veaegt%
carbidopa og 4 til 8 vaegt% levodopa; eller (i1) arginin, 0,6 til 1,5 vegt% carbidopa
og 6 vaegt% levodopa.

Carbidopa, levodopa og entacapon til anvendelse i overensstemmelse med krav ©,
hvor nzvnte anvendelse omfatter administrering af navnte parenterale

sammens&tning 1 et omfang af 0,1 til 1000 pl/h/sted; eller 1 et rumfang af 2 til 10
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ml/24h/sted; eller 1 en dosis af 80 til 800 mg levodopa/dag og 20 til 200 mg
carbidopa/dag; eller 1 et omfang af 240 til 360 mg levodopa og 60 til 90 mg
carbidopa/dag/sted.

Carbidopa, levodopa og entacapon til anvendelse i overensstemmelse med krav 7,
hvor nzvnte anvendelse omfatter administrering af navnte parenterale

sammens&tning i et rumfang af 4 til 6 ml/24h/sted.

Carbidopa, levodopa og entacapon til anvendelse 1 overensstemmelse med krav 5,
hvor navnte parenterale sammensatning omfatter (i) arginin, 1 til 4 vegt%
carbidopa og 6 til 16 veaegt’% levodopa; eller (iv) arginin, 1,5% til 2.5 vegt%
carbidopa og 12 vagt% levodopa.

Carbidopa, levodopa og entacapon til anvendelse 1 overensstemmelse med krav 9,
hvor nzvnte anvendelse omfatter administrering af navnte parenterale
sammens&tning 1 et omfang af 0,2 til 2000 pl/h/sted; eller 1 et rumfang af 10 til
24 ml/24h/sted; eller 1 en dosis af 600 til 4000 mg levodopa/dag og 60 til 500 mg
carbidopa/dag; eller i et omfang af 800 til 1600 mg levodopa og 200 til 400 mg
carbidopa/dag/sted.

Carbidopa, levodopa og entacapon til anvendelse i overensstemmelse med krav 10,
hvor nzvnte anvendelse omfatter administrering af navnte parenterale

sammens&tning 1 et rumfang af 12 til 16 ml/24h/sted.
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Fig. 5
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