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SUSTAINED-RELEASE FORMULATIONS OF TOPIRAMATE

CROSS-REFERENCE TO RELATED APPLICATIONS

[OOOIJThe present application claims benefit of U.S. Provisional Application 

No. 60/859,502, filed November 17, 2006, the entire contents of which are 

incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] Topiramate is a sulfamate substituted monosaccharide which under the 

trade name TOPAMAX® (Ortho-McNeil Pharmaceutical, Inc., Raritan, NJ, 

U.S.A.) has been approved for use as an antiepileptic agent, as an adjuvant 

therapy for patients with partial onset seizures or primary generalized tonic- 

clonic seizures, and for the prevention of migraine. See generally, Physician's 

Desk Reference, 60th ed., 2538-2447 (2006); see also, U.S. Pat. No. 

4,513,006.

[0003] For the treatment of epilepsy, the recommended dose of Topamax® is 

400 mg/day in one or multiple doses (Physician's Desk Reference, 60th ed., 

2538-2447 (2006)). For adults with epilepsy, treatment is initiated with a dose 

of 25-50 mg/day, with the dose being titrated in increments of 25-50 mg at 

weekly intervals to the recommended or effective dose.

[0004]Topamax ® is an immediate release formulation. Adverse effects 

associated with the administration of Topamax® include, but are not limited 

to, somnolence, dizziness, ataxia, speech disorders and related speech 

problems, psychomotor slowing, abnormal vision, difficulty with memory, 

paresthesia, diplopia, renal calculi (kidney stones), hepatic failure, 

pancreatitis, renal tubular acidosis, acute myopia and secondary angle 

closure glaucoma (Physician's Desk Reference, 60th ed., 2538-2447 (2006)).

[0005] Hence, though topiramate has a relatively long half-life of 21 hours in 

vivo, it has not been prescribed (or formulated) as a single, daily-dose, in part 

due to severe side-effects that often result with peak plasma levels of the drug 

when taken in high doses. Instead, Topamax® is typically taken in multiple, 

“divided” doses, usually twice-daily (“BID”). However, administration of the
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medicament in this manner is cumbersome and patients can forget to take 

their medication in a timely manner. What is more, each administration of a 

dose is associated with a peak in plasma concentrations of the drug, and the 

fluctuations associated with the peaks and valleys of blood plasma levels of 

the drug are undesirable. Therefore, there is a need for a formulation of 

topiramate, which reduces or eliminates the side effects associated with 

peaking and fluctuating plasma levels of the drug and preferably may be 

administered in a once-daily regimen.

[0006] New, highly soluble and bioavailable forms of topiramate are also 

needed in order to increase the safety and effectiveness of the drug.

[0007]The instant invention addresses these and other needs by providing a 

modified formulation of topiramate characterized by a sustained, non-pulsatile 

release of an active ingredient. This invention additionally provides an 

effective, once-daily dosage form of topiramate or salts thereof, which not only 

enables an effective single daily dose regimen to improve patient compliance 

but may also reduce some of the side effects of topiramate compared to the 

current or higher daily doses of immediate release topiramate formulations.

SUMMARY OF THE INVENTION

[0008] It is an object of the present invention to provide a sustained release 

formulation of topiramate for the treatment or prevention of a pathological 

condition in a mammalian subject, characterized by a sustained rate of 

topiramate release along a pre-determined release profile.

[0009] It is yet another object of the present invention to provide topiramate 

formulation wherein topiramate is released at a rate which results in a 

reduction in the frequency or severity of at least one side effect associated 

with the topiramate treatment.

[0010] It is a further object of the present invention to provide a sustained 

release formulation of topiramate that can be administered orally once a day.

[0011] It is an object of the present invention to provide a sustained release 

formulation of topiramate for oral administration to a mammalian subject
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comprising topiramate as an active ingredient, wherein the active ingredient is released 

from the formulation at a sustained rate along a pre-determined release profile, and 

wherein the sustained release formulation comprises an extended release (XR) component 

and an optional immediate release (IR) component.

5 [Olla] A first aspect of the present invention provides a sustained release formulation of 

topiramate for oral administration to a mammalian subject comprising topiramate as an 

active ingredient that is released from the formulation along a pre-determined release 

profile, wherein said formulation comprises an extended release component and an 

immediate release component, wherein the extended release component is contained in at 

io least one population of beads and each bead population is coated with its own release 

controlling coating and characterized by its own rate of release.

[0012] In one embodiment of the invention, the extended release component is contained 

in at least one population of beads coated with a release controlling coating. The above

mentioned coating is specific for every bead population and determines its rate of release, 

is Thus, every given bead population included into the formulation is characterized by its 

own specific rate of release.

[0013] In another embodiment of the invention, the sustained release topiramate 

formulation comprises an immediate release component in addition to an extended release 

component.

20 [0014] In a preferred embodiment of the invention, the immediate release component is

an enhanced immediate release (ElR) composition.

[00151 The formulation of the present invention may be incorporated in any oral dosage 

form such as represented by, but not limited to, a tablet, a pill, a capsule, a troche, a 

sachet, and sprinkles.

25 [0016] It is yet another object of the present invention to provide a method of preparation

of a sustained release formulation of topiramate, comprising an extended release 

component, and an optional immediate release component, wherein topiramate is released 

from the formulation at the sustained rate along the pre-determined release profile, the 

method comprising the steps of:

30 1. determining the desired release profile;

2. determining specific amounts of the extended release component and the 

immediate release component necessary to produce the predetermined release profile; and

(6886286_J):JJP
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3. incorporating the specified amounts of the components into the 

formulation.

[0017] In one embodiment, the method of preparation additionally includes a 

process for providing an XR component contained in at least one population 

of beads, wherein every population of beads is characterized by its own rate 

of release. This process comprises the steps of

1. forming at least one population of topiramate-containing beads;

2. coating each population of beads with its own coating solution;

3. curing the coating for a period of time to produce a release 

controlling coating specific for each bead population, and

4. incorporating the beads into the formulation.

[0018]The method may optionally include a process for preparation of an IR 

component, which optionally is an enhanced immediate release (EIR) 

composition. The enhanced immediate release composition includes at least 

one agent selected from a group comprising complexing agents and 

enhancing agents. Without any limitations, the enhancing agents useful in the 

present invention may be selected from solubilizing agents, dissolution 

enhancing agents, absorption enhancing agents, penetration enhancing 

agents, surface active agents, stabilizing agents, enzyme inhibitors, p- 

glycoprotein inhibitors, multidrug resistance protein inhibitors or combinations 

thereof.

[0019] It is yet another object of the present invention to provide a method of 

treatment or prevention of a pathological condition in a mammalian subject by 

orally administering to the subject a therapeutically effective amount of a 

sustained release topiramate formulation of the instant invention. The 

pathological conditions that may be treated by the method of the present 

invention include neurological condition, psychiatric condition, diabetes and 

related disorders, cardiovascular condition, obesity, and any other condition or 

disorder that may be treated or prevented by topiramate administration.

4
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Definitions:

[0020] For the purposes of this invention, the term “topiramate” includes 

topiramate or any pharmaceutically acceptable salts thereof.

[0021]An "immediate release formulation" refers to a formulation that releases 

greater than or equal to about 80% of the pharmaceutical agent in less than or 

equal to about 1 hour.

[0022] For the purposes of this application, an enhancing agent (“enhancer”) 

is defined as any non-pharmaceutically active ingredient that improves the 

therapeutic potential of a formulation.

[0023]The term “enhanced immediate release composition” as used herein 

describes an immediate release composition improved in terms of a 

therapeutic potential or treatment modality.

[0024] "Sustained release" is defined herein as release of a pharmaceutical 

agent in a continuous manner over a prolonged period of time.

[0025] By "prolonged period of time" it is meant a continuous period of time of 

greater than about 1 hour, preferably, greater than about 4 hours, more 

preferably, greater than about 8 hours, more preferably greater than about 12 

hours, more preferably still, greater than about 16 hours up to more than 

about 24 hours.

[0026]As used herein, unless otherwise noted, "rate of release" or "release 

rate" of a drug refers to the quantity of drug released from a dosage form per 

unit time, e.g., milligrams of drug released per hour (mg/hr) or a percentage of 

a total drug dose released per hour. Drug release rates for dosage forms are 

typically measured as an in vitro rate of drug release, i.e., a quantity of drug 

released from the dosage form per unit time measured under appropriate 

conditions and in a suitable fluid. The time at which a specified percentage of 

the drug within a dosage form has been released from the dosage form is 

referred to as the "T.sub.x" value, where "x" is the percent of drug that has 

been released.

5
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[0027]The release rates referred to herein are determined by placing a 

dosage form to be tested in a medium in an appropriate dissolution bath. 

Aliquots of the medium, collected at pre-set intervals, are then injected into a 

chromatographic system fitted with an appropriate detector to quantify the 

amounts of drug released during the testing intervals.

[0028] "C" denotes the concentration of drug in blood plasma, or serum, of a 

subject, and is generally expressed as mass per unit volume, for example 

nanograms per milliliter. For convenience, this concentration may be referred 

to herein as "drug plasma concentration", "plasma drug concentration" or 

"plasma concentration" which is intended to be inclusive of a drug 

concentration measured in any appropriate body fluid or tissue. The plasma 

drug concentration at any time following drug administration is referenced as 

Ctime, as in C9hr or C4hr, etc.

[0029]The maximum plasma drug concentration during the dosing period is 

referenced as Cmax, while Cmin refers to the minimum blood plasma drug 

concentration at the end of a dosing interval; and Cave refers to an average 

concentration during the dosing interval.

[0030]The “degree of fluctuation” is defined as a quotient (Cmax - 

Cmin)/Cave.

[0031] Persons of skill in the art will appreciate that blood plasma drug 

concentrations obtained in individual subjects will vary due to interpatient 

variability in the many parameters affecting drug absorption, distribution, 

metabolism and excretion. For this reason, unless otherwise indicated, when 

a drug plasma concentration is listed, the value listed is the calculated mean 

value based on values obtained from a groups of subjects tested.

[0032]The term “bioavailability” refers to an extent to which--and sometimes 

rate at which--the active moiety (drug or metabolite) enters systemic 

circulation, thereby gaining access to the site of action.

[0033] “AUC” is the area under the plasma concentration-time curve and is 

considered to be the most reliable measure of bioavailability. It is directly 

6
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proportional to the total amount of unchanged drug that reaches the systemic 

circulation.

[0034] Side effect is defined herein as a secondary and usually adverse effect 

of a drug.

[0035]The term “beads”, as used herein, includes, without any limitations on 

the nature and size thereof, any particles, spheres, beads, granules, pellets, 

particulates or any structural units that may be incorporated into an oral 

dosage form.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] Fig.1 shows the time of release of 80% of the drug vs. % wt. gain of 

release controlling coating for cured Surelease® coated extended release 

beads.

[0037] Fig. 2 shows the time of release of 80% of the drug vs. % wt. gain of 

release controlling coating for cured Surelease® / Opadry® coated extended 

release beads.

[0038] Fig. 3 shows mean (n= 16) pharmacokinetic profiles for bead 

populations XR1, XR2 and XR3.

[0039] Fig. 4 shows mean (n= 16) pharmacokinetic profiles for the immediate 

release formulations.

[0040] Fig.5 shows the dissolution profiles of Topamax®, topiramate IR 

beads, and topiramate enhanced immediate release beads.

[0041] Fig. 6 shows mean PK Profiles for Sustained Release Formulations A, 

B, and C.

DETAILED DESCRIPTION OF THE INVENTION

[0042]Topiramate is a sulfamate-substituted monosaccharide having the 

chemical name 2,3:4,5-Di-O-isopropylidene-beta-D-fructopyranose sulfamate. 

The molecular formula of topiramate is C12H21NO8S, and its chemical 

structure is represented by formula below:

7
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^ch2oso2nh2

H3:C CH3.

[0043]Topiramate is a white crystalline powder that is soluble in alkaline 

solutions containing sodium hydroxide or sodium phosphate, soluble in 

acetone, dimethylsulfoxide and ethanol. However, the solubility of topiramate 

in water at room temperature is only about 9.8 mg/ml. Topiramate is not 

extensively metabolized and is excreted largely through the urine (Physician's 

Desk Reference, 60th ed., 2538-2447 (2006)).

[0044]Topiramate pharmacokinetics are linear, producing a dose proportional 

increase in blood plasma concentration levels with increased dosing, and is 

not significantly affected by food. Patients taking topiramate over prolonged 

period of time did not develop resistance to the drug. Following oral 

administration of an immediate release dosage form, topiramate is rapidly 

absorbed with plasma drug concentrations peaking in approximately 2 hours. 

The mean elimination half-life is reported to be about 21 hours.

[0045]Currently, topiramate is administered in multiple daily doses in part due 

to the severe side effects exhibited by the immediate release product, 

especially when taken in a high single dose.

[0046]A sustained release topiramate formulation that will be suitable for 

once-a-day administration and will result in the diminished level or severity of 

side effects is needed.

[0047]The present invention provides sustained release formulation of 

topiramate wherein the total daily dose of topiramate is provided in an 

effective once-daily dose while minimizing fluctuations in the blood plasma 

drug concentration.

[0048]The current invention also provides for formulations of topiramate 

wherein the maximum plasma concentration of topiramate is attenuated as 

compared to the same amount of topiramate administered as an immediate 

8
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release formulation BID; therefore some of the side effects of topiramate, 

such as CNS side effects including but not limited to dizziness, paresthesia, 

nervousness, psychomotor slowing, confusion, and difficulty with 

concentration/attention, observed when taking the immediate release product, 

may be reduced or eliminated.

[0049] Formulations of the instant invention are characterized by a maximum 

steady state plasma concentration (Cmax) of topiramate which is higher than 

the minimal therapeutically effective concentration, and is in the range of 50% 

to 125% of the maximum plasma concentration produced by the same 

amount of topiramate administered as an immediate release formulation BID. 

In one embodiment, the novel formulations provide for a relative Cmax in the 

range of 80% to 125%, as compared to the same amount of topiramate 

administered as an immediate release formulation BID. In the other 

embodiment, the invention provides for the Cmax which is lower than the 

maximum plasma concentration produced by the same amount of topiramate 

administered as an immediate release formulation BID. The Cmin of the 

topiramate formulation of the present invention is about equal or higher than a 

Cmin of an equivalent amount of immediate release topiramate formulation 

given BID.

[0050]Compared to the immediate release topiramate formulation, the 

sustained release topiramate formulations attenuate the Cmax of topiramate 

while extending the coverage of plasma concentration above the minimum 

plasma concentration required therapeutic efficacy. The formulation of the 

current invention provides for a relative steady state AUC in the range of 80% 

to 125%, while minimizing the degree of fluctuation, which is preferably in the 

range of 25% to 90%, as compared to an equivalent amount of immediate 

release topiramate formulation given in two divided doses (Table 5 and 6 ).

[0051]The present invention additionally provides a sustained release 

topiramate formulation for the treatment or prevention of a pathological 

condition in a mammalian subject wherein topiramate is released from the 

formulation at a sustained rate along a pre-determined release profile. Such 

9
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release is achieved by incorporation into the formulation of an extended 

release component (XR) and an optional immediate release component (IR).

[0052]The relative amount of each component in the topiramate formulation 

of the present invention is determined according to the purpose of 

administration and a pre-determined release profile, and the total amount of 

topiramate in the formulation varies from 0.5 mg to about 3000 mg. In other 

words, topiramate or its salt is present in the composition in an amount of 

from about 0.5% to about 85% by weight, and preferably of from about 2% to 

about 70% by weight. The term “about” has been recited here and throughout 

the specification to account for variations, which can arise from inaccuracies 

in measurement inherent and understood by those of ordinary skill in the 

chemical and pharmaceutical arts.

[0053] The XR component of the formulation of the present invention releases 

topiramate in a continuous manner and is adjusted in such a way that 80% of 

the active ingredient is released in vitro in the predetermined period of time. 

By way of example, and by no means limiting the scope of the invention, the 

period of time may be not more than 24 hours, not more than 16 hours, not 

more than 12 hours, not more than 8 hours, or not more than 4 hours, 

depending on desired attributes of the final product.

[0054] In one embodiment, the extended release (XR) component is 

contained in at least one population of beads coated with a coating that 

modifies and controls the release of topiramate from the beads (release 

controlling coating). The release controlling coating is specific for every 

population of beads and determines the rate of release of topiramate from the 

given bead population.

[0055]The beads useful in the formulation of the present invention comprise 

an inert carrier, topiramate, a binder, an afore-mentioned release controlling 

coating and optionally, an overcoat that provides additional protection from 

moisture, static charge reduction, taste masking and coloring attributes to the 

particulates.

10
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[0056]The inert carriers useful in the present invention may be selected from, 

but are not limited to, a group consisting of cellulose spheres, silicon dioxide, 

starch and sugar spheres. The inert carrier is present in an amount of from 

about 15% to about 99% by weight, and preferably in an amount of from 

about 40% to about 97% by weight.

[0057]Topiramate is introduced to the inert carrier by techniques known to 

one skilled in the art, such as drug layering, powder coating, 

extrusion/spheronization, roller compaction or granulation. Preferably, the 

introduction method is drug layering by spraying a suspension of topiramate 

and a binder onto the inert carrier.

[0058]The binder may be present in the bead formulation in an amount of 

from about 0.1% to about 15% by weight, and preferably of from about 0.2% 

to about 10% by weight. Binders include, but are not limited to starches, 

microcrystalline cellulose, hydroxypropyl cellulose, hydroxyethyl cellulose, 

hydroxypropylmethyl cellulose, or polyvinylpyrrolidone.

[0059]The release controlling coating specific for every bead population 

comprises a coating material, and, optionally, a pore former and other 

excipients. The coating material is preferably selected from a group 

comprising cellulosic polymers, such as ethylcellulose, methylcellulose, 

hydroxypropyl cellulose, hydroxypropylmethyl cellulose, cellulose acetate, and 

cellulose acetate phthalate; polyvinyl alcohol; acrylic polymers such as 

polyacrylates, polymethacrylates and copolymers thereof, and other water

based or solvent-based coating materials. The release-controlling coating is 

population-specific in the sense that the rate of release of topiramate from 

every bead population is controlled by at least one parameter of the release 

controlling coating, such as the nature of the coating, coating level, type and 

concentration of a pore former, process parameters and combinations thereof. 

Thus, changing a parameter, such as a pore former concentration, or the 

conditions of the curing, as will be discussed in more details below, (see 

Example 5) allows to change the release of topiramate from any given bead 

population and to selectively adjust the formulation to the pre-determined 

release profile. The release profile, in its turn, may be chosen or modified in 

11
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such a way as to achieve the best treatment modality depending on the 

specific needs of the patient population and the nature of the condition.

[0060] For example, with all things being equal, there exists a mathematical 

relationship between the release controlling coating level among the cured 

beads and the 80% in vitro release time. Pre-determined target profiles can 

therefore be achieved by the interpolation or extrapolation of the relationship 

curve. For example, when the release controlling coating comprises only 

ethylcellulose (Surelease®) as a coating material, a logarithmic relationship 

exists between the % weight gain with the coating and the 80% release time 

in an in-vitro dissolution test (Fig. 1):

Log (T80«/o release) = a (% coating) + b.

[0061]When ethylcellulose/HPMC (Surelease®/Opadry®) mixture is used, for 

example, 85:15 mixture or 80:20 mixture, a linear relationship exists between 

the % weight gain with the coating and the 80% release time in an in-vitro 

dissolution test (Fig. 2):

T8o% release = a (% coating) + b.

[0062] Pore formers suitable for use in the release controlling coating herein 

can be organic or inorganic agents, and include materials that can be 

dissolved, extracted or leached from the coating in the environment of use. 

Examples of pore formers include but are not limited to organic compounds 

such as mono-, oligo-, and polysaccharides including sucrose, glucose, 

fructose, mannitol, mannose, galactose, sorbitol, pullulan, dextran; polymers 

soluble in the environment of use such as water-soluble hydrophilic polymers, 

hydroxyalkylcelluloses, carboxyalkylcelluloses, hydroxypropylmethylcellulose, 

cellulose ethers, acrylic resins, polyvinylpyrrolidone, cross-linked 

polyvinylpyrrolidone, polyethylene oxide, Carbowaxes, Carbopol, and the like, 

diols, polyols, polyhydric alcohols, polyalkylene glycols, polyethylene glycols, 

polypropylene glycols, or block polymers thereof, polyglycols, poly(a- 

co)alkylenediols; inorganic compounds such as alkali metal salts, lithium 

carbonate, sodium chloride, sodium bromide, potassium chloride, potassium 

sulfate, potassium phosphate, sodium acetate, sodium citrate, suitable 

calcium salts, and the like.

12
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[0063]The release controlling coating in the current invention can further 

comprise other additives known in the art such as plasticizers, anti-adherents, 

glidants, and antifoams.

[0064] In some embodiments, it may be further desirable to optionally coat the 

XR beads with an “overcoat,” to provide, e.g., moisture protection, static 

charge reduction, taste-masking, flavoring, coloring, and/or polish or other 

cosmetic appeal to the beads. Suitable coating materials for such an 

overcoat are known in the art, and include, but are not limited to, cellulosic 

polymers such as hydroxypropylmethylcellulose, hydroxypropylcellulose and 

microcrystalline cellulose, or combinations thereof (for example various 

Opadry® coating materials).

[0065]Topiramate-containing beads of the present invention may additionally 

contain enhancers that may be exemplified by, but not limited to, solubility 

enhancers, dissolution enhancers, absorption enhancers, permeability 

enhancers, stabilizers, complexing agents, enzyme inhibitors, p-glycoprotein 

inhibitors, and multidrug resistance protein inhibitors. Alternatively, the 

formulation can also contain enhancers that are separated from the 

topiramate beads, for example in a separate population of beads or as a 

powder. In yet another embodiment, the enhancer(s) may be contained in a 

separate layer on a topiramate-containing bead either under or above the 

release controlling coating.

[0066]The beads may further comprise other pharmaceutically active agents 

suitable for use in combination with topiramate for treatment or prevention of a 

pathological condition. The additional pharmaceutically active agents, 

without limitation, may be represented by analgesic and anti-inflammatory 

compounds such as COX-2 inhibitors, nonsteroidal anti-inflammatory drugs 

(NSAIDs), narcotic drugs such as opiates and morphinomimetics, synthetic 

drugs with narcotic properties such as tramadol; anticonvulsants such as 

valproic acid or its derivatives, carbamazepine, oxcarbazepine, gabapentin, 

and lamotrigine; anorectics or anti-obesity agents such as sibutramine or 

other, orlistat or other pancreatic lipase inhibitors, diethylpropion, fluoxetine, 

bupropion, amphetamine, methamphetamine, sertraline, zonisamide, and 
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metformin, as well as medications associated with weight-gain, such as 

sulfonylurea derivatives, insulin, and thiazolidinediones whose weight-gain 

effect is tempered by topiramate; anti-hypertensive agents such as diuretics, 

anti-adrenergics, calcium channel blockers, ACE inhibitors, angiotensin II 

receptor antagonists, aldosterone antagonists, vasodilators, centrally acting 

adrenergic drugs, and adrenergic neuron blockers; mood stabilizers such as 

various forms/salts of lithium, Omega-3 fatty acids and others known in the 

art, drugs for treatment or prevention of migraines, such as ergot derivatives 

or triptans, or any other pharmaceutical or nutraceutical ingredient that can be 

safely and beneficially combined with topiramate.

[0067] A relative amount of every bead population in the complete formulation 

is determined on the basis of the pharmacokinetic data of the separate bead 

populations and the pre-determined release profile and will be discussed in 

more detail in Example 6.

[0068] In another embodiment, the formulation of the present invention 

comprises an extended release component as described above, and an 

immediate release component. The IR component may be an enhanced 

immediate release composition. The enhanced immediate release 

composition may be characterized by a faster in vitro topiramate release as 

compared to the IR formulation. Preferably, at least 80% of an active 

compound from the enhanced immediate release composition is released in a 

time period of not more than 30 minutes. More preferably, at least 50% of an 

active compound from the enhanced immediate release composition is 

released in a time period of not more than 10 minutes, and at least 25% is 

dissolved in a time period of not more than 5 minutes after the oral 

administration. In the most preferred embodiment of the present invention, at 

least 75% of the active compound is released from the EIR composition in a 

time period of not more than 10 minutes. The embodiment in which the IR 

component is an enhanced immediate release composition will be discussed 

in more details below.

14



WO 2008/061226 PCT/US2007/084961

[0069] In addition to topiramate and inactive excipients, the EIR composition 

of the present invention comprises at least one agent selected from a group 

consisting of complexing agents and enhancing agents.

[0070]Without any limitation, the enhancing agents suitable for the present 

invention may be selected from the solubility enhancing agents, dissolution 

enhancing agents, absorption enhancing agents, penetration enhancing 

agents, surface active agents, such as non-ionic surfactants, ionic surfactants 

or combinations thereof; stabilizers that include antioxidants, preservatives, 

buffering agents, bases and other known in the art; enzyme inhibitors, p- 

glycoprotein inhibitors, multidrug resistance protein inhibitors, or any 

combinations thereof. The representative, but non-limiting examples of these 

compounds are Vitamin E TPGS, amino acid such as glutamic acid and 

glycine, sorbitol, mannose, amylose, maltose, mannitol, lactose, sucrose, 

glucose, xylitose, dextrins such as maltodextrin, Cremophor RH40 (glycerol

polyethylene glycol oxystearate), Gelucire 50/13 (PEG-32 glyceryl

palmitostearate), sodium lauryl sulfate, Tween 80 (polyoxyethylene sorbitan 

monooleate), benzyl alcohol, Span 20 (sorbitan monolaurate), Poloxamer 

407, PEG3350, PVP K25, oleic acid, Capmul GMO (glyceryl monooleate), 

sodium benzoate, cetyl alcohol, sucrose stearate, crospovidone, sodium 

starch glycolate, crosscarmellose sodium, carboxymethylcellulose, starch, 

pregelatinized starch, HPMC, substituted hydroxypropyl cellulose, 

microcrystalline cellulose, sodium bicarbonate, calcium citrate, sodium 

docusate, and menthol, among others. Enhancers can be combined to 

achieve multiple enhancement effects, for example, solubility enhancement 

combined with permeability enhancement and p-glycoprotein inhibition, or to 

provide a synergistic enhancement effect to achieve greater and more 

efficient enhancement. For example, polyglycolized glycerides (different 

grades of Gelucire) can be combined with sodium lauryl sulfate to achieve 

higher solubility enhancement as well as faster dissolution of topiramate.

[0071] In one embodiment, the EIR composition comprises a highly soluble 

complex of topiramate with a complexing agent that is represented by, but not 

limited to, cyclodextrins, including cyclodextrin derivatives, such as 
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hydroxypropyl-beta-cyclodextrin, beta-cyclodextrin, gamma-cyclodextrin, and 

alpha-cyclodextrin. The ratio of cyclodextrin to topiramate in the EIR 

formulation is preferably less than 20:1 and more preferably less than 5:1. In 

the most preferred embodiment, the complexing agent is hydroxypropyl beta 

cyclodextrin.

[0072]The highly soluble complex of topiramate and cyclodextrin is prepared 

by mixing topiramate and cyclodextrin together in the presence of water. The 

concentration of cyclodextrin is preferably high to facilitate the formation of 

topiramate-enhancer complex. In the case when the complexing agent is 

hydroxypropyl-beta-cyclodextrin, the concentration of the hydroxypropyl-beta- 

cyclodextrin solution used for mixing with topiramate is greater than 2%, 

preferably greater than 20%, and more preferably at least about 40%. The 

amount of topiramate is determined by a desired ratio of hydroxypropyl-beta- 

cyclodextrin to topiramate, which is preferably less than 20:1, and more 

preferably less than 5:1. The mixing time of the complex solution is from 

about one hour to about 48 hours, and preferably from about 5 hours to about 

24 hours. The addition of hydroxypropyl-beta-cyclodextrin and topiramate can 

be incremental to reduce the viscosity of the complex solution and to achieve 

better complexation.

[0073] In a further embodiment, the EIR component of the present invention is 

contained in at least one bead population. Topiramate EIR beads can be 

prepared using processes suitable for bead manufacturing, such as coating of 

a topiramate suspension, dispersion or solution onto an inert carrier, or by 

roller compaction, granulation, extrusion/spheronization, or powder coating, 

and are not limited by the examples cited therein. The enhancing agents of 

the present invention can be incorporated into the topiramate containing 

beads, or may be contained in other beads separated from the topiramate 

containing beads. By way of a non-limiting example, topiramate-containing 

EIR beads were prepared by coating topiramate dispersion onto an inert 

carrier such as sugar spheres. The topiramate dispersion, in addition to 

topiramate in the micronized form or in non-micronized form, can contain one 

or more enhancers, water and optionally a binder such as 
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hydroxypropylcellullose, hydroxypropylmethylcellulose, polyvinylpyrrolidone 

and polyvinyl alcohol.

[0074] When the formulation is enhanced with complexing agents, the agents 

may be first mixed with topiramate and a suitable solvent such as water to 

form the complex. The topiramate-containing complex is then mixed with a 

binder solution prepared separately to give the coating dispersion. The 

coating dispersion is then sprayed onto the inert carrier such as sugar 

spheres using a fluid bed processor.

[0075] In an alternative embodiment of the invention, the formulation 

comprises at least one XR bead population, and at least one additional 

combination bead population consisting of the extended release beads that 

have an additional immediate release component layer coated on top of the 

release controlling coating. This layer may be formed by a suitable loading 

method such as solution/ suspension/dispersion coating, powder coating or 

wet granulation.

[0076] In yet another embodiment, at least part (i.e., more than 0.01%, 

preferably at least 1%) of the active ingredient may be present in the 

formulation in a form of micronized particles with the size of from 1 pm to 

1000 pm, preferably from 2 pm to about 200 pm, more preferably from 2 pm 

to about 100 pm. Further, one or more enhancers may be present in the 

formulations covered by this embodiment. The enhancers are selected from 

solubility enhancing agents, dissolution enhancing agents, absorption 

enhancing agents, penetration enhancing agents, surface active agents, such 

as non-ionic surfactants, ionic surfactants or combinations thereof; stabilizers 

that include antioxidants, preservatives, buffering agents, bases and other 

known in the art; enzyme inhibitors, p-glycoprotein inhibitors, multidrug 

resistance protein inhibitors, or any combinations thereof. Preferably, the 

enhancer is a solubility enhancer or a dissolution enhancer.

[0077]The topiramate formulation of the present invention may be formulated 

in a dosage form selected from a tablet, a pill, a capsule, a caplet, a troche, a 
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sachet, a cachet, a pouch, sprinkles, or any other form suitable for oral 

administration.

[0078] In one embodiment of the invention, the dosage form is a gelatin 

capsule containing the XR component in a form of at least one population of 

beads, and an optional IR component. The IR component, when present, may 

be in a form of a powder, or may also be contained in at least one population 

of beads to achieve faster dissolution of topiramate (Fig.5).

[0079] In an alternative embodiment, part of the total amount of the active 

ingredient may be incorporated into the afore-mentioned bead populations 

that will be contained inside an enclosure such as a capsule, and the rest of 

the active ingredient can be loaded on the outside of the enclosure by a 

suitable loading method such as solution/suspension/dispersion coating or 

powder coating or wet granulation. For example, a part of the immediate 

release topiramate formulation can be loaded by coating on the outside of a 

capsule that contains within it other populations of topiramate such as 

extended release topiramate. This dosage form can provide almost 

instantaneous dissolution of the initial portion of topiramate dose from the 

outside of the capsule, followed by a sustained release of the rest of 

topiramate from inside the capsule.

[0080] In a further embodiment of the invention, the dosage form is a tablet. 

Without imposing any limitations, this embodiment may be exemplified by a 

multilayered tablet that comprises at least one layer containing the extended 

release component, and at least one layer comprising the immediate release 

component, wherein the IR component may or may be not an EIR 

composition.

[0081]The last two embodiments are especially beneficial when fast onset of 

action followed by sustained release is preferred, as is for example in the 

cases of a breakthrough migraine episode.

[0082]The current invention additionally encompasses a method of preparing 

formulations of topiramate, comprising an extended release component, and 

an optional immediate release component, wherein topiramate is released 
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from the formulation at the sustained rate along the pre-determined release 

profile. The method comprises the following steps:

1. determining the desired release profile;

2. determining specific amounts of the extended release component 

and the immediate release component necessary to produce the pre

determined release profile; and

3. incorporating the specified amounts of the components into the 

formulation.

[0083] In one embodiment, the method comprises a step for providing an 

immediate release component, which may be an enhanced immediate release 

composition.

[0084] In another embodiment, the method includes a process for providing an 

extended release component contained in at least one population of beads 

characterized by its own rate of release, wherein the process includes the 

steps of:

1. forming at least one population of topiramate-containing beads;

2. coating each population of beads with its own coating solution;

3. curing the coating for a period of time to produce a release 

controlling coating specific for each bead population, and

4. incorporating the beads into the formulation.

[0085]The exact amount of beads of every population incorporated into the 

formulation and into the final dosage form is determined using the linear 

superposition principle (WinNonLin) on the basis of the pharmacokinetic data 

of the separate bead populations and the pre-determined release profile 

(Example 6).

[0086] Release profiles of XR topiramate beads can be selectively adjusted, 

modified or stabilized by curing the beads at an elevated temperature. This 

process is well known in the art. However, it was unexpectedly discovered 

that curing the beads in the curing apparatus in the presence of at least one 
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suitable solvent dramatically reduces the curing time necessary to produce a 

desired release profile and a level of stability. The curing process that 

previously required up to two weeks can be carried out by the method of 

current invention in several hours.

[0087] The assisting solvents can be selected from those solvents that can 

dissolve or partially dissolve the coating material, or those that can induce or 

assist the coalescence or molecular relaxation of the coating material, or 

those that can reduce electrostatic charge on the dosage forms during curing 

and those that can facilitate curing at a higher temperature. Examples of 

these solvents include but are not limited to organic solvents, such as 

alcohols, ketones, ethers, esters, amides, amines, hydrocarbons including 

substituted hydrocarbons such as chlorinated hydrocarbons and aromatic 

hydrocarbons, furans, sulfoxides, organic acids, phenols, super-critical fluids; 

ammonia; and water, buffered water, or water solutions of other inorganic or 

organic compounds, and their combinations. Preferably, water, water-alcohol 

mixture, water-ketone mixture, water-ammonia mixture, or water-organic acid 

(for example water-acetic acid) mixture, or combinations thereof are used as 

the assisting solvents.

[0088]The curing of the dosage form normally is done in an apparatus that 

can operate at elevated temperatures and that can deliver the assisting 

solvents by means such as spray, injection, or vaporization. In the 

embodiment of the invention when the assisting solvent is sprayed or injected 

into the curing apparatus, the stream of solvent is introduced directly onto the 

coated beads. The amount of the solvent necessary to produce the desired 

effect, such as the desired release parameters and stabilization of the coating, 

depends on the nature of the solvent and the method of solvent delivery.

[0089]Typically, when the vaporization method is used, the organic solvents 

and aqueous solutions may be used in the wide range of vapor concentrations 

varying from 2% to more than 100%, providing an unsaturated, saturated or 

an oversaturated atmosphere. The pure water, however, has to be used in 

such an amount as to provide at least a saturated or, preferably, an 

oversaturated atmosphere in the curing apparatus. At least during the delivery 
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of assisting solvents, the coated beads are mixed or agitated either 

continuously or in a pulsed manner.

[0090] In an alternative embodiment of the invention, hot water steam is 

introduced into the curing apparatus for a pre-selected period of time. The 

steam serves simultaneously as a solvent and as a source of heat for the 

beads. Introduction of steam is followed by a drying period.

[0091]This method of curing the release controlling coating results in many 

benefits including the dramatically shortened curing time, increased stability 

and modification of the release profile, and is not limited to topiramate 

containing beads, but includes the curing of any microparticles regardless of 

the drug.

[0092]Specifically, active ingredient containing beads, with or without the 

optional over-coat, are charged to a fluid bed processor or a pan coater and 

heated to a desired curing temperature range, for example 40oC to 80oC for 

sustained release dosage forms containing ethylcellulose (Surelease®), and 

40oC to 70oC for sustained release dosage forms containing acrylic polymers 

(Eudragit® RS and Eudragit® RL). The assisting solvent or solvents, such as 

water or alcohol-water mixture, are sprayed onto the beads while mixing by, 

for example, fluidizing or rotating. Alternatively, the process is carried out in 

an oven where hot steam is introduced as previously discussed. Solvent- 

assisted curing is carried out to a desired curing time length, either in one 

curing period or in multiple, separate curing periods. The dosage forms can 

be further dried for a short period of time to remove residual solvents.

[0093]The solvent-assisted curing process significantly accelerates the curing 

of release controlling coating on active ingredient containing beads as 

compared to the heat-only curing of the same. In most instances, less than 4 

hours of solvent-assisted curing resulted in more complete curing of the 

extended release dosage forms than 2 weeks of heat-only oven curing of the 

same dosage forms.

[0094] The present invention also presents a method of treatment or 

prevention of a pathological condition in a mammalian subject, comprising 
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orally administering to the subject a therapeutically effective amount of a 

novel topiramate formulation of the instant invention, wherein topiramate is 

released from the formulation at a sustained rate along the pre-determined 

release profile. The method of the current invention possesses the flexibility to 

selectively adjust the pharmacokinetics of the administered formulations 

depending on the nature of the condition and needs of the patients due to the 

novel design of the topiramate formulation that comprises an extended 

release component and an optional immediate release component, and the 

release profiles of both components can be selectively modified during the 

preparation process as described above to comply with the predetermined 

release profile.

[0095]The pathological condition that may be treated by a method of the 

present invention is a neurological condition, psychiatric condition, diabetes 

and related disorders, cardiovascular condition, obesity, and any other 

condition or disorder that may be treated or prevented by the topiramate 

administration.

[0096]The neurological disorders that may be treated or prevented by a 

formulation of the present invention include, but are not limited to, epilepsy, 

migraine, essential tremor, restless limb syndrome, cluster headaches, 

neuralgia, neuropathic pain, Tourrette’s syndrome , infantile spasms, perinatal 

hypoxia ischemia and related damage, chronic neurodegenerative disorders, 

acute neurodegeneration, and ALS.

[0097] Psychiatric disorders that may be treated or prevented by a formulation 

of the present invention include, but are not limited to bipolar disorder, 

dementia, depression, psychosis, mania, anxiety, schizophrenia, obsessive

compulsive disorder, post-traumatic stress disorder, ADHD, impulse control 

disorders, border line personality disorder, addiction, and autism.

[0098] Formulations of the present invention may be also used for the 

treatment and prevention of diabetes and related disorders, such as type II 

diabetes mellitus, diabetic retinopathy, impaired oral glucose tolerance, 

diabetic skin lesions, diabetic neuropathy, Syndrome X and elevated blood 
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glucose levels; ocular disorders, including but not limited to glaucoma and 

macular degeneration; cardiovascular disorders represented but not limited to 

elevated blood pressure and elevated lipids; obesity; asthma; autoimmune 

disorders; sleep apnea and sleep disorders. The formulations may be also 

used for inducing weight loss or promoting wound healing, or for any other 

condition, not specified above, wherein the use of topiramate is indicated.

[0099]The invention will be further illustrated by the following Examples, 

however, without restricting its scope to these embodiments.

EXAMPLES

EXAMPLE 1. Extended Release Beads Preparation

Topiramate Drug Layering on Sugar Spheres - The “Core”

[0100] An aqueous suspension of 10-20 % (w/w) topiramate (particle size 

90% vol. NMT 30 micrometer, 50% vol. NMT 15 micrometer and 10% vol. 

NMT 5 micrometer) and 0.5-4% (w/w) HPMC or other aqueous binder can be 

used as the drug layering coating solution. A fluid bed suited for Wurster- 

spray is assembled and charged with inert carriers such as sugar spheres. 

The coating suspension is sprayed onto the bed to evenly coat the inert 

carriers to a desired topiramate loading level. Higher binder concentration in 

the coating solution may be used for smaller size inert carrier and higher 

topiramate loading. Inlet airflow rate and product temperature are adjusted to 

keep the batch from spray-drying the coating material or over-wetting the 

spheres.

Coating of the Core with a Release Controlling Coating

[0101]A dispersion of a cellulosic polymer such as ethylcellulose and 

methylcellulose can be used to coat the core in the current invention. 

Ethylcellulose dispersion (Surelease®) can be diluted to a final concentration 

of about 10% to about 20% and with or without the use of other ingredients 

such as pore formers. A fluid bed suited for Wurster-spray is assembled and 

charged with the cores prepared in Example 1. The release controlling 

coating dispersion is sprayed onto the bed to evenly coat the core to a desired 

coating level as exemplified in Table 1.
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Table 1. Composition and process Parameters for the extended Release

XR1a XR1b XR1c XR2a XR2b XR2c XR2d

RC* coating 

material

Ethyl

cellulose 

(Surelease)

Ethyl

cellulose 

(Surelease)

Ethyl

cellulose 

(Surelease)

Ethyl

cellulose 

(Surelease)

Ethyl

cellulose 

(Surelease)

Ethyl

cellulose 

(Surelease)

Ethyl

cellulose 

(Surelease)

Pore-former Opadry®

Clear

Opadry®

Clear

Opadry®

Clear

RC coating 

material to 

pore-former 

ratio

80:20 80:20 80:20

RC coating 

level

2% 4% 3% 3% 3% 6.5% 6.5%

Product 

temperature 

during 

coating

20°C - 60°C 20°C - 60°C 20°C - 60°C 20°C - 60°C 20°C - 60°C 20°C - 60°C 20°C - 60°C

Over-coat

material

Opadry®

AMB White
Opadry®

AMB White

Opadry®

AMB White

Opadry®

AMB White

Over-coat 

coating level

1.5% 1.5% 1.5% 1.5%

Curing 

method

Fluid bed 1 

water, or 

oven

Fluid bed 1 

water, or 

oven

Fluid bed 1 

water, or 

oven

Fluid bed 1 

water, or 

oven

Fluid bed 1 

water, or 

oven

Fluid bed 1 

water, or 

oven

Fluid bed 1 

water, or 

oven

Topiramate Beads

XR3 XR4 XR5 XR6 XR7 XR8

RC coating 

material

Ethylcellulose

(Surelease)

Ethylcellulose

(Surelease)

Ethylcellulose

(Surelease)

Ethylcellulose

(Surelease)

Ethylcellulose

(Surelease)

Acrylic 

polymers 

(Eudragit®

RL30D /

RS30D)

Pore-former Cellulosic 

polymers 

(Opadry® 

Clear)

Cellulosic 

polymers 

(Opadry® 

Clear)

Cellulosic 

polymers 

(Opadry® 

Clear)

Cellulosic 

polymers 

(Opadry® 

Clear)

RC coating - 80:20 80:20 80:20 85:15 -

24



WO 2008/061226 PCT/US2007/084961

* RC- Release Controlling

material to 

pore-former 

ratio

RC coating 

level

3.7% 3.1% 5.2% 9.5% 15% 15%

Product 

temperature 

during coating

20°C - 60°C 20°C - 60°C 20°C - 60°C 20°C - 60°C 20°C - 60°C 20°C-

60°C

Over-coat 

material

Over-coat 

coating level

Curing method Fluid bed / 

water, or 

oven

Fluid bed / 

water, or 

oven

Fluid bed / 

water, or oven

Fluid bed / 

water, or 

oven

Fluid bed / 

water, fluid 

bed / 5% 

alcohol- 

water, or 

oven

Fluid bed / 

water, fluid 

bed / 5% 

alcohol- 

water, or 

oven

EXAMPLE 2. Method of Topiramate-Hydroxypropyl-beta-cyclodextrin 

Complex Bead Preparation

[0102] Approximately half of the intended amount of topiramate was added to 

the water with constant mixing followed by sprinkling of hydroxypropyl-beta- 

cyclodextrin into the dispersion. Once the dispersion became significantly 

less viscous, more drug substance was added followed by sprinkling of more 

hydroxypropyl-beta-cyclodextrin. The drug and hydroxypropyl-beta- 

cyclodextrin addition steps were repeated, and the dispersion was mixed for 

12-18 hours. Separately, hydroxypropylmethylcellulose was dissolved in 

water. The above topiramate - hydroxypropyl-beta-cyclodextrin dispersion 

and hydroxypropylmethylcellulose solution were mixed together for 15 to 30 

minutes and the mixture was screened through an 80-mesh sieve. The 

resultant dispersion was sprayed onto sugar spheres using a fluid bed 

processor to yield the enhanced immediate release beads (Table 2).
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Table 2. Hydroxypropyl-beta-cyclodextrin - Topiramate EIR Bead 

Compositions

Component Percentage (w/w) in Beads

EIR-1

(HPBCDOrug

= 3:2)*

EIR-2

(HPBCDOrug

= 3:2)*

EIR-3

(HPBCDOrug

= 1:1)*

EIR-4

(HPBCDOrug

= 1:2)*

Topiramate 25.0 3.3 28.9 33.3

Hydroxypropyl-beta- 

cyclodextrin

37.5 4.95 28.9 16.7

Hydroxypropylmethylcellulose 3.1 0.41 2.4 4.2

Sugar spheres 34.4 91.34 39.8 45.8

* HPBCDOrug - Hydroxypropyl-beta-cyclodextrin to drug substance ratio

EXAMPLE 3.

Topiramate EIR Beads Containing Non-Complexing Enhancers

[0103] Topiramate is dispersed in a binder solution, such as 

hydroxypropylmethylcellulose solution, that contains an appropriate amount of 

enhancer or enhancers such as d-alpha-tocopheryl polyethylene glycol 1000 

succinate (vitamin E TPGS) and sodium lauryl sulfate combination, polyoxyl 

hydrogenated castor oil (different grades of Cremophor RH), polyglycolized 

glycerides (different grades of Gelucire), polyglycolized glycerides (different 

grades of Gelucire) combined with sodium lauryl sulfate, or combinations 

thereof. The resultant dispersion is sprayed onto an inert carrier such as 

sugar spheres using a fluid bed processor to achieve a desired drug load 

(Table 3).

Table 3. Enhanced Immediate Release Topiramate Bead Compositions

Component Percentage (w/w) in Beads

EIR-5 EIR-6 EIR-7

Topiramate 36.8 37.9 36.4

Sodium lauryl sulfate 0.7 0.5 -

D-alpha-tocopheryl 

polyethylene glycol 1000 

succinate

7.3
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Polyoxyl hydrogenated castor 

oil (Cremophor RH40)

9.1

Polyglycolized glycerides

(Gelucire 50/13)

4.7

Hydroxypropylmethylcellulose 4.6 4.8 4.5

Sugar spheres 50.6 52.1 50.0

Example 4. Topiramate EIR Beads Containing Micronized Particles

[0104] Miconized or non-micronized topiramate is dispersed in a solution with 

or without heating, optionally containing dissolution enhancing agents such as 

mannose, maltose, mannitol, lactose, maltodextrin and sodium starch 

glucolate, and optionally containing one or more additional enhancers such as 

PEG3350, sodium lauryl sulfate, sodium docusate, polyoxyethylene sorbitan 

monooleate and Poloxamers, under such process parameters that topiramate 

particles that remain undissolved have a particle size of about 2 micron to 

about 30 micron. A particle size reduction device such as a homogenizer can 

also be used to reduce the particle size of undissolved topiramate. The 

resultant topiramate dispersion is then sprayed onto inert carriers such as 

sugar spheres in a coating processor such as a fluid bed processor. The 

formulations obtained are represented in the Table 4:

Table 4. Topiramate EIR Beads containing micronized particles

Percentage (w/w) in Beads

EIR-8 EIR-9 EIR-10 EIR-11 EIR-12 EIR-13

Topiramate 3.2 26.0 25.0 3.2 26.0 26.0

Mannose 0.4 5.0 3.3 2.0 10.0 10.0

Maltrin 250 - - 1.0 1.0 - -

PEG3350 1.0 15.0 - - - 10.0

Sodium lauryl

sulfate

0.5

Hydroxypropyl-beta- 

cyclodextrin

37.5

D-alpha-tocopheryl - - - - 2.0 -
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polyethylene glycol

1000 succinate

Polyoxyl 

hydrogenated castor 

oil (Cremophor

RH40)

2.0

Sugar spheres 95.4 54.0 33.2 93.8 61.5 52.0

EXAMPLE 5. Method of Curing Beads

[0105]The topiramate beads coated with a release controlling coating, with or 

without an overcoat, can be cured using the above-mentioned solvent- 

assisted curing process, or using the heat-only curing process, to a desired 

curing level and preferably to complete curing.

[0106] Specifically, the core is coated to a desired coating level with a solution 

or dispersion of the release controlling coating material, with or without the 

above-mentioned additives such as pore-formers, using a fluid bed processor 

or any other suitable apparatus for coating of the core. Product temperature 

is controlled at a desirable range, for example 20oC to 60oC for the coating of 

ethylcellulose (Surelease®) and 20oC to 60oC for acrylic polymers (Eudragit® 

RL and Eudragit® RS grades). An optional overcoat with materials such as 

cellulosic polymers (various Opadry®) is applied thereafter. Curing of the 

sustained release topiramate beads is carried out either in an oven at 40oC to 

80oC for Surelease® containing beads or at 40oC to 70oC for Eudragit® RL 

or RS containing beads, or in a fluid bed processor with or without the use of 

assisting solvents at similar product temperatures.

[0107] For curing that uses assisting solvents, the assisting solvent can be 

delivered through top spray, bottom spray, side spray or injection, or 

introduced by vaporization. Preferably, water, water-alcohol mixture, water- 

ketone mixture, water-ammonia mixture, or water-organic acid (for example 

water-acetic acid) mixture, or combinations thereof are used as the assisting 

solvents.
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EXAMPLE 6.

Sustained Release Formulations of Topiramate

[0108]a. Plasma concentration versus time curves for the topiramate 

formulations containing extended release and immediate release bead 

populations are simulated using WinNonlin Version 5.0.1 based on the 

pharmacokinetic data on the separate bead populations that were generated 

in a comparative randomized single-dose 6-way crossover study in healthy 

adult volunteers. The study included administration of a 50 mg oral dose of 

three extended release compositions, designated here as XR1, XR2 and XR3, 

two immediate release compositions ((Topamax®, Ortho-McNeil Neurologies, 

Inc.) (25 mg BID), and an immediate release bead formulation) and an 

enhanced immediate release (IR) bead composition. The single dose 

topiramate plasma concentration profiles for XR1, XR2 and XR3 are shown in 

Fig.3. The single dose topiramate plasma concentration profiles for IR are 

shown in Fig. 4. The data are projected to a steady-state (SS) with a 24 h 

dosing interval for the sustained release compositions and a 12 h dosing 

interval for Topamax, using the linear superposition principle (WinNonlin). The 

extended release populations XR1, XR2 and XR3, and an immediate release 

(IR) population are selected in such a way as to be defined by at least one of 

the three following sets of conditions:

1. for the steady state,

for XR1, 1.70CmaxiR>- CmaxXRi 1.30CmaxiR 

for XR2, 0.40CmaxlR >= CmaxXR2 >= 0.20CmaxlR 

for XR3, 0.25CmaxlR CmaxXR3 0.05CmaxlR

2. for in-vitro dissolution,

for XR1, 1,5h <=T8o%<=4h 

for XR2, 5h <= T8o% <=8h 

for XR3, 8h < T80% <=1 Oh

3. for a single initial dose in-vivo,

forXRI, 4h <= Tmax <=8.5h

for XR2, Tmax >= 16 h
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for XR3, Tmax >= 16 h.

[0109]Optionally, the immediate release bead population is composed of 

enhanced immediate release (EIR) beads such that at least one condition is 

true: a. for the steady state, 2.40CmaxlR >= CmaxEIR >= 1,20CmaxlR; b. for 

in-vitro dissolution, T80%<=30 min; c. for a single initial dose in-vivo, 

Tmax<=2h.

[0110]The results of the pharmacokinetic simulation for the seven exemplary 

formulations are summarized in Table 5 below. These formulations are 

selected as examples only, and in no way limit the range, compositions or 

properties of the formulations covered by the present invention.

Table 5.

Composition and Pharmacokinetic data of Multi-bead Formulations

#1 #2 #3 #4 #5 #6 #7

% XR1 20 50 0 10 10 15 0

%XR2 80 0 85 85 80 70 100

%XR3 0 50 0 0 15 0

%IR 0 0 15 5 10 0 0

Rel. BA (%),

SS

98.5 100.5 96.6 97.4 97.6 97.3 96.0

Degree of 

fluctuation, SS

0.15 0.22 0.14 0.14 0.15 0.13 0.09

[0111]b. based on the results of WinNonlin simulation discussed in part (a), 

formulations #1 (A), #3 (B), and #4 (C) were tested in the comparative 

randomized multi-dose 4-way study following a once a day 50 mg oral dose of 

three controlled release formulations and a 25 mg twice a day oral doses of 

Topamax® in healthy adult volunteers.
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[0112]The results of the study are summarized in Table 6 and Fig.6:

Table 6. Pharmacokinetic study data for Multi-bead Formulations

#1 A #3 B #4 C Control

(Topamax®)

% XR1 20 0 10 -

%XR2 80 86 84 -

%XR3 0 0 0

%IR 0 14 6 -

Rel. BA (%),

SS

92 93 95 100

Relative 

Degree of 

fluctuation, 

SS

73% 72% 66% 100%
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Claims:
1. A sustained release formulation of topiramate for oral administration to a 

mammalian subject comprising topiramate as an active ingredient that is released from 

the formulation along a pre-determined release profile, wherein said formulation

5 comprises an extended release component and an immediate release component, wherein 

the extended release component is contained in at least one population of beads and each 

bead population is coated with its own release controlling coating and characterized by 

its own rate of release.

2. The formulation of claim 1, wherein said XR component releases topiramate

10 in vivo in a continuous manner, and 80% of the active ingredient is released in vitro in a 

period of time selected from not more than 24 hours, not more than 16 hours, not more 

than 12 hours, not more than 8 hours and not more than 4 hours.

3. The formulation of claim 1, wherein the immediate release component is an 

enhanced immediate release (EIR) composition comprising a complexing agent, an

15 enhancing agent, or both.

4. The formulation of claim 3, wherein said EIR composition exhibits a release 

profile such that 80% of the active ingredient is dissolved in not more than 30 min.

5. The formulation of claim 4, wherein said EIR composition exhibits a release 

profile selected from a group consisting of:

20 a) a dissolution of at least 50% of the active compound in not more than 10

minutes;

b) a dissolution of at least 70% of active compound in not more than 10

minutes;

c) a dissolution of at least 25% of the active compound in not more than 5

25 minutes;

d) a dissolution of at least 40% of the active compound in not more than 5

minutes; and

e) a dissolution of at least 55% of the active compound in not more than 5 

minutes.

30 6. The formulation of claim 3, wherein the complexing agent is a cyclodextrin

selected from a group consisting of hydroxypropyl-beta-cyclodextrin, beta-cyclodextrin, 

gamma-cyclodextrin, alpha-cyclodextrin, and derivatives thereof.

7. The formulation of claim 3, wherein said enhancing agent is selected from a 

group comprising solubility enhancing agents, dissolution enhancing agents, absorption

(6886286_I):JJP
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enhancing agents, penetration enhancing agents, surface active agents, stabilizers, enzyme 

inhibitors, p-glycoprotein inhibitors, multidrug resistance protein inhibitors and 

combinations thereof.

8. The formulation of claim 7, wherein said enhancing agent is selected from a

5 group consisting of Vitamin E TPGS, glutamic acid, glycine, sorbitol, mannose, amylose, 

maltose, mannitol, lactose, sucrose, glucose, xylitose, dextrins, glycerol-polyethylene 

glycol oxystearate, PEG-32 glyceryl palmitostearate, sodium lauryl sulfate, 

polyoxyethylene sorbitan monooleate, benzyl alcohol, sorbitan monolaurate, Poloxamer 

407, PEG3350, PVP K25, oleic acid, glyceryl monooleate, sodium benzoate, cetyl

io alcohol, sucrose stearate, crospovidone, sodium starch glycolate, croscarmellose sodium, 

carboxymethylcellulose, starch, pregelatinized starch, HPMC, substituted 

hydroxypropylcellulose, microcrystalline cellulose sodium bicarbonate, calcium citrate, 

sodium docusate, menthol and combinations thereof.

9. The formulation of claim 1 or claim 3, wherein at least a part of the active

is ingredient is in a form of micronized particles.

10. The formulation of claim 9, wherein said particles have an average size of 

from about 2 pm to about 100 pm.

11. The formulation of claim 1, wherein a specific amount of each component is 

determined according to the purpose of administration and the pre-determined release

20 profile, and the total amount of topiramate in the formulation is from 0.5 to 3000 mg.

12. The formulation of claim 1, wherein said beads comprise an inert carrier, 

topiramate, an optional enhancer, and a release controlling coating that comprises a 

coating material and optionally a pore former and other excipients.

13. The formulation of claim 12, wherein said inert carrier is selected from a

25 group consisting of cellulose spheres, silicon dioxide, starch and sugar spheres.

14. The formulation of claim 12, wherein said enhancer is selected from a group 

consisting of solubility enhancers, dissolution enhancers, permeability enhancers, 

stabilizers, complexing agents, enzyme inhibitors, p-glycoprotein inhibitors, multidrug 

resistance protein inhibitors and combinations thereof.

30 15. The formulation of claim 12, wherein said coating material is selected from a

group consisting of ethylcellulose, methylcellulose, hydroxypropyl cellulose, 

hydroxypropylmethyl cellulose, cellulose acetate, cellulose acetate phthalate, polyvinyl 

alcohol, polyacrylates, polymethacrylates and copolymers thereof; and/or said pore 

former is selected from a group consisting of glucose, fructose, mannitol, mannose,

(6886286_1):JJP
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galactose, sorbitol, pullulan, dextran, water-soluble hydrophilic polymers, 

hydroxyalkylcelluloses, carboxyalkylcelluloses, hydroxypropylmethylcellulose, cellulose 

ethers, acrylic resins, polyvinylpyrrolidone, cross-linked polyvinylpyrrolidone, 

polyethylene oxide, Carbowaxes, Carbopol, diols, polyols, polyhydric alcohols,

5 polyalkylene glycols, polyethylene glycols, polypropylene glycols or block polymers 

thereof, polyglycols, poly(a-(o)alkylenediols; inorganic compounds selected from a group 

consisting of alkali metal salts and alkaline earth metal salts, and combinations thereof.

16. The formulation of claim 1, wherein a specific amount of every bead 

population is determined according to the pre-determined release profile.

io 17. The formulation of claim 1, wherein said pre-determined release profile

comprises a sustained rate of release after an initial immediate release.

18. The formulation of claim 1, suitable for once a day oral administration.

19. The formulation of claim 1, wherein at least one population of beads consists 

of extended release topiramate beads additionally comprising an immediate release

is component coated on top of the release controlling coating.

20. The formulation of claim 1, wherein said enhancer is contained in a layer 

separate from the release controlling coating.

21. The formulation of claim 1, additionally comprising at least one enhancing 

agent, wherein said enhancing agent is incorporated into the formulation in the form of a

20 powder or of a population of beads that are optionally characterized by a controlled rate 

of release, and wherein said enhancing agent is separated from the active ingredient.

22. A sustained release formulation of claim 1 comprising 3 populations of 

extended release topiramate-containing beads designated as XR1, XR2 and XR3, and an 

immediate release (IR) bead population, wherein the proportional amounts of each

25 population in a formulation are selected according to the following Table:

and wherein XR1, XR2, XR3 are such that the following condition is true

Form-n

1

Form-n

2

Form-n

3

Form-n

4

Form-n

5

Form-n

6

Form-n

7

%XR1 20 50 0 10 10 15 0

%XR2 80 0 86 84 80 70 100

%XR3 0 50 0 0 0 15 0

%IR 0 0 14 6 10 0 0
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forXRl, 1.5h<=Tg0%<=4h

for XR2, 5h <= T80% <=8h

forXR3, 8h<Tgo%<=lOh

5 23. The formulation of claim 22, wherein the immediate release bead population

is composed of EIR such that at least one condition is true: a. for the steady state, 

2.40Cmax|R>= CmaxciR >= 1.20CmaxiR; b. for in-vitro dissolution, Tgo%<=30 min; c. for a 

single initial dose in-vivo, Tmax<=2h.

24. The formulation of any of preceding claims for use in a method for the

io treatment or prevention of a pathological condition in a mammalian subject, comprising 

orally administering to said subject a therapeutically effective amount of a sustained 

release formulation of topiramate, wherein topiramate is released from the formulation 

along the pre-determined release profile, and wherein said formulation comprises an 

extended release component and an immediate release component.

15 25. The formulation of claim 24, wherein said formulation has a reduced level of

undesirable CNS side effects as compared to the same amount of topiramate administered 

as an immediate release formulation BID.

26. The formulation of claim 24 wherein said condition is selected from a group 

consisting of epilepsy, migraine, essential tremor, restless limb syndrome, cluster

20 headaches, neuralgia, neuropathic pain, Tourrette’s syndrome , infantile spasms, perinatal 

hypoxia ischemia and related damage, glaucoma, ocular disorders, obesity, weight loss, 

Type II diabetes mellitus, diabetic retinopathy, impaired oral glucose tolerance, diabetic 

skin lesions, diabetic neuropathy, elevated blood glucose levels, syndrome X, elevated 

blood pressure, elevated lipids, bipolar disorder, dementia, depression, psychosis, mania,

25 anxiety, schizophrenia, obsessive-compulsive disorder, post-traumatic stress disorder, 

ADHD, impulse control disorders, border line personality disorder, addiction, autism, 

asthma, autoimmune disorders, chronic neurodegenerative disorders, acute 

neurodegeneration, ALS, sleep apnea and sleep disorders.

27. An oral dosage form comprising a sustained release formulation of topiramate 

30 as defined in anyone of claims 1 to 26.

28. The dosage form of claim 27, which is a capsule, a tablet, a pill, a caplet, a 

troche, a sachet, a cachet, a pouch or sprinkles.
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29. The oral dosage form of claim 28, wherein said tablet is a mutilayered tablet 

comprising at least one layer containing said extended release component, and at least one 

layer comprising said immediate release component.

30. The formulation of claim 1, further comprising an additional pharmaceutically 

5 active ingredient in combination with topiramate.

Dated 22 November 2012

Supernus Pharmaceuticals, Inc.
Patent Attorneys for the Applicant/Nominated Person

SPRUSON & FERGUSON
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Fig.1

80% release time vs. %Wt. gain of Release-Controlling Coating

For Surelease® coated Extended Release Beads
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Fig. 2

80% release time vs. % l/l/f. gain of Release-Controlling Coating

For Surelease®/ Opadry® coated Extended Release Beads
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Fig. 3

Mean (n= 16) PK Profiles from Bead Populations XR1, XR2 and XR3
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Fig. 4

Mean (n= 16) PK Profiles from the Immediate Release Formulations
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Fig.5

Dissolution Profiles of Immediate Release Formulations
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Fig.6

Mean PK Profiles for Sustained Release Formulations A, B, and C
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