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Provided is a method of treating a patient suffering from a 
pain state by administering to the patient a gastric retentive 
dosage form of gabapentin that is capable of administration in 
once-daily or tWice daily dosing regimens. By reducing the 
need to administer gabapentin from the thrice-daily adminis 
trations characteristic of immediate release gabapentin, the 

Depoineds Inc" Meiiio Park, CA gastric retentive gabapentin dosage forms provided herein 
(Us) have the advantages of improving patient compliance for 

gabapentin treatment. In addition to the foregoing, the gastric 
12/331,184 retentive gabapentin dosages forms also exhibit decreased 

blood plasma concentrations and increased bioavailability 
Dec, 9, 2008 throughout the dosing regimen. 
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GASTRIC RETENTIVE GABAPENTIN 
DOSAGE FORMS AND METHODS FOR 

USING SAME 

RELATED APPLICATIONS 

[0001] This application claims priority to pending U.S. Ser. 
No. 11/348,134, ?led Dec. 29, 2006, Which claims priority to 
US. Provisional Application Ser. No. 60/ 852,534 ?led Oct. 
17, 2006, the disclosures of Which are incorporated herein by 
reference. 

FIELD OF THE INVENTION 

[0002] The invention relates to gastric retentive gabapentin 
dosage forms and methods of using them to reduce or elimi 
nate gabapentin-induced side effects. For example, the dos 
age forms of the invention can be used to reduce or eliminate 
the side effects associated With treatment of non-nociceptive 
pain states. 

BACKGROUND OF THE INVENTION 

[0003] Gabapentin (1-(aminomethyl)cyclohexane acetic 
acid) is a 3-substituted y-aminobutyric acid (“GABA”) ana 
log that Was approved in the United States on Dec. 30, 1993 as 
NEURONTIN® (P?zer Inc., NeW York, N.Y.), an immediate 
release dosage form of gabapentin for use as adjunctive 
therapy in the treatment of partial seiZures in children and 
adults, and Was subsequently approved for treatment of post 
herpetic neuralgia (“PHN”) in adults. In addition to seiZures 
and PHN, gabapentin has also been used in the treatment of 
neuropathic pain, restless legs syndrome, essential tremor, 
bipolar disorder, migraine headaches, and the symptoms 
associated With menopause, hormonal imbalances, and che 
motherapy. Magnus et al., EPILEPSIA 40:S66-S72 (1999); 
US. Pat. No. 6,310,098 to Guttuso. Gabapentin is currently 
available as immediate release NEURONTIN® in 100 mg, 
300 mg, and 400 mg hard shell capsules; 600 mg and 800 mg 
?lm-coated tablets; and in a liquid formulation having 250 
mg/ 5 mL. The recommended dosage for gabapentin is a total 
daily dose of900 mg to 1800 mg t.i.d. (i.e., three times daily). 
[0004] In humans, gabapentin is absorbed throughout the 
small intestine With diminished absorption in the colon. The 
absorption of immediate release gabapentin occurs relatively 
sloWly With the peak plasma concentration occurring 
approximately 2 to 3 hours after dosing. The oral bioavail 
ability of gabapentin is dose-dependent, With approximately 
60% bioavailability for a dose in the range of 300400 mg, but 
With only 35% bioavailability for a dose of 1600 mg. Bour 
geois, EPILEPSIA 36 (Suppl. 5):S1-S7 (1995); Gram, EPILEP 
SIA 37 (Suppl. 6):S12-S16 (1996); DRUGS OF TODAY 31:613 
9:975-82 (1995); NEUROLOGY 44(Suppl. 5): S17-S32 (2003). 
The decrease in bioavailability With increasing dose of the 
immediate release tablet has been attributed to partially car 
rier-mediated absorption. SteWart, et al., PHARMACEUTICAL 
RESEARCH 10(2):276-281 (1993). 
[0005] Food has only a small effect on the rate and extent of 
immediate release gabapentin absorption. Further, only 3% of 
circulating gabapentin is bound to plasma proteins. Gabap 
entin is not appreciably metaboliZed in humans, does not 
induce hepatic enZymes, and is eliminated unchanged by 
renal excretion With a half-life of 5-7 hours regardless of 
Whether the drug is taken in a single dose or in multiple doses. 
(Chadwick; LANCET 343:89-91 (1994); Thomson, et al., 

Jul. 9, 2009 

CLrN. PHARMACOKINET. 23(3):216-230 (1992); and Riva, et 
al., CLIN. PHARMACOKINET. 3 1(6):470-493 (1996)). 
[0006] Because gabapentin is administered t.i.d., patient 
compliance With the conventional immediate release dosage 
forms of the drug is an issue. In this respect, controlled release 
dosage forms that Would loWer the number of daily dosings of 
gabapentin to once-daily or tWice-daily dosings Would pro 
vide a signi?cant advantage over the conventional immediate 
release dosage form; hoWever, in order for the controlled 
release dosage form to be effective, the dosage form must 
overcome the poor absorption of the drug in the loWer gas 
trointestinal tract. 

[0007] In addition to the compliance and bioavailability 
issues associated With the conventional immediate release 
dosage form of gabapentin, gabapentin use also suffers from 
the adverse side effects associated With the drug. Side effects 
reported from gabapentin use include, most commonly, som 
nolence and diZZiness, and to a lesser degree, fatigue, ataxia, 
Weight gain, peripheral edema, diarrhea, headache, dry 
mouth, and blurred vision. More recently, gabapentin use has 
been associated With the serious side effect of reversible 
visual ?eld constriction. Bekkelund et al., BRIT. MED. J 323: 
1193 (2006). 
[0008] The issue of gabapentin side effects has become 
increasingly troublesome since gabapentin Was found to 
reduce the frequency and severity of hot ?ashes in meno 
pausal Women. US. Pat. No. 6,310,098 to Guttuso.As a result 
of the prevalence of the somnolence and diZZiness side 
effects, many Women Who have been taking gabapentin for 
treatment of their menopausal symptoms have been forced to 
discontinue use of the drug. 

[0009] In order for gabapentin to gain Widespread accep 
tance for current, i.e., epilepsy and post-herpetic neuralgia, 
and future off-label uses, such as, for example, restless-leg 
syndrome, diabetic neuropathy, back pain, essential tremor, 
bipolar disorder, migraine prophylaxis, potentially alcohol 
and drug WithdraWal, and the symptoms associated With 
menopause, hormonal imbalances, and chemotherapy, there 
is a need in the art for an improved dosage form of gabapentin 
that may be administered once or tWice daily With suf?cient 
absorption of the active agent to produce the desired thera 
peutic effects While increasing the bioavailability of the drug 
at elevated doses and reducing the side effects associated With 
the drug at the therapeutic dosages. 
[0010] Examples of modi?ed release dosage forms, such as 
controlled-release dosage forms, sustained release dosage 
forms, and extended release dosage forms are knoWn in the art 
to Which the invention pertains; hoWever, to the best of the 
inventor’s knoWledge, gabapentin has not been successfully 
incorporated into any modi?ed release dosage form because 
the pharrnacokinetics of the drug does not facilitate the 
absorption of the drug in modi?ed release dosage forms. In 
fact, the innovator noted in the Summary Basis of Approval 
(NDA 20-235), that a pilot study (Study #877-076) ofa 600 
mg sustained release formulation vindicated unacceptable 
sustained release characteristics,” (NDA 20-235) Which Was 
attributed to decreasing rate and extent of absorption as gaba 
pentin “moves loWer in the GI tract.” (NDA 20-235). In order 
to overcome the shortcomings inherent in the immediate 
delivery dosage forms of gabapentin, a gastric retentive dos 
age form of gabapentin Would alloW for sustained release of 
gabapentin While avoiding the signi?cant loss of bioavailabil 
ity of the drug observed With non-gastric retentive controlled 
release dosage forms. 
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[0011] Pain management continues to be a challenge for 
medical practitioners. Many pain medications have unfavor 
able side effects. In addition, patients can develop tolerance to 
pain medications and require larger doses to reach a previ 
ously achieved level of pain relief. 
[0012] Pain is generally classi?ed as either nociceptive pain 
or non-nociceptive pain. Nociceptive pain arises from the 
stimulation of pain receptors (i.e., nociceptive receptors) to 
heat, cold, vibration, stretch, and chemical stimulus from 
damaged cells. Somatic pain (i.e., musculoskeletal pain, such 
as pain speci?c to skin, muscle, joints, bones, and ligaments) 
and visceral pain (i.e., pain speci?c to the internal organs and 
main body cavities) are the tWo types of nociceptive pain. 
Nociceptive pain is usually time-limited and thus, When the 
tissue heals, the pain is resolved. During periods of pain, 
nociceptive pain responds Well to treatment With opioids. 
[0013] Non-nociceptive pain arises from Within the periph 
eral and central nervous system, Where there are no pain 
receptors. The pain associated With non-nociceptive pain is 
generated from nerve cell dysfunction. Non-nociceptive pain 
includes neuropathic pain and sympathetic pain. 
[0014] Neuropathic pain originates in the peripheral ner 
vous system (the nerves betWeen the tissue and the spinal 
cord) or the central nervous system (the nerves betWeen the 
spinal cord and the brain). Neuropathic pain may be caused 
by nerve degeneration (e.g., by multiple sclerosis), nerve 
pressure (e.g., from a trapped nerve); nerve in?ammation 
(e.g., from a torn or slipped disc), or nerve infection (e.g., 
from shingles or other viral infections). With neuropathic 
pain, the injured nerves become electrically unstable ?ring of 
signals in an inappropriate, random, and disordered fashion. 
Neuropathic pain is characteriZed by nerve malfunctions such 
as hypersensitivity to touch, vibrations, and extreme tempera 
tures and is often described as burning, lancinating, and 
shooting pain. 
[0015] Sympathetic pain is caused from possible over 
activity of the sympathetic system, Which controls blood How 
to tissues such as skin and muscle, sWeating by the skin, and 
the speed and responsiveness of the peripheral nervous sys 
tem. Sympathetic pain occurs mo st commonly after fractures 
and soft tissue injuries of the arms and legs. Sympathetic pain 
is characteriZed by extreme sensitivity in the skin surrounding 
the site of injury and peripherally in the a?llicted limb, Which 
may become so painful that the patient Will refuse to use it 
causing secondary problems With the limb due to non-use. 
[0016] Unlike nociceptive pain is not time limited and is not 
easily treatable. Non-nociceptive pain is generally treated 
With anti-depressants, anti-convulsants (i.e., anti-epiteptic 
drugs), and anti-arrhythmics; hoWever, to date, there is no 
effective treatment for non-nociceptive pain. In commonly 
oWned co-pending US. patent application Ser. No. 10/280, 
309 (Publication No. US 2003/0100611 Al), the present 
inventors disclosed a gastric-retentive form of gabapentin and 
the use of the drug for the treatment of neuropathic pain, 
Which is a non-nociceptive pain state. 

[0017] An osmotic dosage form has been described for 
delivery of gabapentin prodrugs. US. Pat. No. 6,683,112 to 
Chen at al. describes sustained release formulations that 
deliver gabapentin prodrugs by means of the push-pull 
osmotic pump system described in US. Pat. No. 4,612,008 to 
Wong et al. This system hoWever, is not a gastric retentive 
dosage form and Would be expected to deliver the drug With 
poor bioavailability. 
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[0018] Examples of gastric retentive dosage forms are 
described in US. Pat. No. 4,996,058 to Sinnreich; US. Pat. 
No. 5,232,704 to Franz et al.; US. Pat. No. 6,120,802 to 
Wong et al.; and commonly oWned US. Pat. No. 5,972,389 to 
Shell et al. and PCT Publication No. WO 98/055107 to 
Depomed, Inc. None of these references, hoWever, teach or 
suggest the use of the gastric retentive dosage forms 
described therein for the administration of gabapentin. To the 
best of the inventors’ knoWledge, a dosing regimen using a 
gastric retentive dosage form of gabapentin for reducing or 
eliminating side effects associated With gabapentin treatment 
has not been previously described. Further, to the best of the 
inventors’ knoWledge, a dosing regimen using a gastric reten 
tive dosage form of gabapentin for pain treatment has not 
been previously described. 
[0019] The present invention overcomes the need in the art 
for a more effective gabapentin do sage form that Will increase 
patient compliance and provide for extended effective plasma 
levels so that patients suffering from a non-nociceptive pain 
state may be able to more effectively use gabapentin for 
treatment of pain symptoms. 

SUMMARY OF THE INVENTION 

[0020] The present invention overcomes the need in the art 
for an improved dosage form of gabapentin by providing a 
gastric retentive dosage form of gabapentin that overcomes 
the compliance, bioavailability, and side effect issues associ 
ated With the conventional immediate release dosage forms of 
gabapentin. 
[0021] The gastric retentive oral dosage form of the present 
invention has the advantage of requiring only once or tWice 
daily closings; thus improving patient compliance. Further, if 
the decreased bioavailability at all doses of controlled-release 
gabapentin dosage forms Were due to lack of colonic absorp 
tion, then the gastric retentive gabapentin dosage form of the 
present invention has the additional advantage of keeping the 
drug in the region of absorption for a longer period of time; 
thus improving the bioavailability of the drug. Moreover, 
gabapentin has saturable absorption and thus, a gastric reten 
tive dosage form of gabapentin by virtue of its sloWer release 
rate should alloW better absorption at higher doses. This 
improved bioavailability With increasing dose alloWs higher 
doses of the drug to be given at once to permit once or tWice 
daily dosing. This also alloWs the timing of the high dose to be 
in the evening to minimiZe side effects that may be a problem 
during the day, but not at night, such as somnolence. Further 
more, the sloWer release rate alloWs for a sloWer rise in peak 
plasma levels, Which may be associated With side effects. 
[0022] In one embodiment of the invention, there is pro 
vided a method of reducing or eliminating side effects asso 
ciated With gabapentinuse, comprising administering a thera 
peutically effective amount of gabapentin in a gastric 
retentive dosage form to a patient in a once-daily dosing 
regime Within a single 24 hour period. 
[0023] In another embodiment of the invention, there is 
provided a method of reducing or eliminating side effects 
associated With gabapentin use, comprising administering a 
therapeutically effective amount of gabapentin in a gastric 
retentive dosage form to a patient in a tWice-daily dosing 
regimen Within a single 24 hour period. 
[0024] Examples of side effects that may be reduced or 
eliminated With the gastric retentive gabapentin dosage form 
of the present invention include Without limitation, somno 
lence, diZZiness, fatigue, ataxia, Weight gain, peripheral 
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edema, diarrhea, headache, dry mouth, blurred vision, and/or 
reversible visual ?eld constriction. 
[0025] With both the once-daily and tWice-daily dosing 
regimens, upon administration of the gastric retentive do sage 
form to the patient, the patient’s blood plasma exhibits a 
maximum concentration (Cmax) of gabapentin that is approxi 
mately 15% to approximately 85% less than Cmax for a com 
parable dose of immediate release gabapentin. For example 
the maximum concentration (Cmax) of gabapentin that is 
approximately 20, 25, 30, 35%, 40%, 45%, 50%, 55%, 60%, 
65%, 70%, 75%, 80% less than Cmax for a comparable dose of 
immediate release gabapentin. The time to Cmax (Tmax is 
approximately 1.5 to approximately 5, alternatively, time to 
Cmax(Tmax) is approximately 1.5 to approximately 3.5, hours 
longer (equivalent to approximately 40% to approximately 
80% sloWer) than Tmax for a comparable dose of immediate 
release gabapentin. For example, the time to Tmax is approxi 
mately 2, 2.5, 3, 3.5, 4, 4.5 hours longer that the Tmax for a 
comparable dose of immediate release gabapentin. The bio 
availability (AUC) should be at least 70%, 75%, 80%, 85%, 
90%, 95%, 96%, 97%, 98% 99% ofthe AUC, or greater than 
AUC achieved from a comparable dose of an immediate 
release dosage form and should shoW greater bioavailability 
than the immediate release dosage forms at higher doses, in 
particular, at 2400 mg an AUC that is approximately equal to 
or greater than AUC for a comparable dose of immediate 
release gabapentin. In some cases the AUC may be up to 
150% or more of the AUC achieved from a comparable dose 
of an immediate release dosage form. 
[0026] The gastric retentive dosage forms of the present 
invention may be used for any disease state or condition that 
may be treated With conventional immediate release gabap 
entin, such as for example, seiZures, PHN (post hepatic neu 
ralgia), diabetic peripheral neuropathy (“DPN”), pain, rest 
less-leg syndrome, essential tremor, bipolar disorder, 
migraine prophylaxis, and the symptoms associated With hor 
monal imbalances and chemotherapy as Well as potentially 
for alcohol or drug WithdraWal. Within the context of symp 
toms associated With hormonal imbalances, such symptoms 
include menopausal hot ?ashes. Within the context of the 
symptoms associated With chemotherapy, such symptoms 
include chemotherapy-induced hot ?ashes and nausea. 
[0027] For example, gastric retentive dosage forms of gaba 
pentin that may be administered to a patient suffering from a 
pain state in once or tWice daily administrations. The pain 
states that may be treated by the gastric retentive dosage 
forms of the present invention include non-nociceptive pain 
states, such as neuropathic pain or sympathetic pain or pain 
states that include a combination of non-nociceptive pain and 
nociceptive pain. 
[0028] In one embodiment of the invention, there is pro 
vided a method of treating a patient suffering from a pain state 
comprising administering to the patient a gastric retentive 
dosage form comprised of a therapeutically effective amount 
of gabapentin, Wherein the dosage form is administered to the 
patient in a once-daily dosing regimen Within a single 24-hour 
period. 
[0029] In another embodiment of the invention, there is 
provided a method of treating a patient suffering from a pain 
state comprising administering to the patient a gastric reten 
tive dosage form comprised of a therapeutically effective 
amount of gabapentin, Wherein the dosage form is adminis 
tered to the patient in a tWice-daily dosing regimen Within a 
single 24-hour period. 
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[0030] In one embodiment, the combination of dosing in a 
once-daily or tWice daily dosing regimen With gastric reten 
tive gabapentin alloWs for a patient to obtain e?icacy in pain 
or some other condition for Which the gabapentin has been 
administered due to the unique combination of the gastric 
retentive dosage form, alloWing for extended delivery With 
out signi?cant loss in bioavailability, dosing once daily With 
the evening meal or asymmetric dosing With the higher dose 
in the evening, alloWing for the potential to ameliorate side 
effects and thus titrate to a more ef?cacious dose, and the 
enhanced bioavailability of the gastric retentive dosage form 
at higher doses compared to the same single dose of an imme 
diate release gabapentin dosage form such as NEURON 
TIN® capsules or tablets. As noted above, a gastric retentive 
dosage form alloWs for extended delivery Without loss in 
bioavailability, thus prolonging the plasma concentrations of 
the drug. Further, the sloWer delivery obtained from the gas 
tric retentive dosage form prevents or ameliorates the impact 
of saturation of the carrier-mediated absorption alloWing a 
higher percent absorption at the higher dose levels. In addi 
tion, the dosing regimen, either once daily in the evening or 
tWice daily With the higher dose in the evening may decrease 
or ameliorate side effects, alloWing the patient to tolerate a 
higher dose, and due to the gastric retentive controlled deliv 
ery, is absorbed better than the equivalent dose of immediate 
release gabapentin if administered as a single dose at the same 
dose. Thus, the combination of gastric retention of gabapen 
tin, the avoidance or amelioration of impacts of the carrier 
mediated saturation, as Well as the once-daily or tWice daily 
asymmetric dosing, alloWs for the subject to obtain ef?cacy 
for pain or some other indication for Which the gabapentin is 
being administered. 
[0031] The invention relates to a method of treating a 
patient suffering from a pain state by administering a thera 
peutically effective amount of a GABA analog in a gastric 
retentive dosage form to a patient in a once-daily dosing 
regimen Within a single 24 hour period. 
[0032] The invention also relates to a method of treating a 
patient suffering from a pain state by administering a thera 
peutically effective amount of a GABA analog in a gastric 
retentive dosage form to a patient in a tWice-daily dosing 
regimen Within a single 24 hour period. 
[0033] Further, the invention relates to a method of reduc 
ing or eliminating side effects associated With y-aminobutyric 
acid (GABA) analogs by administering a therapeutically 
effective amount of a GABA analog in a gastric retentive 
dosage form to a patient in a once-daily dosing regimen 
Within a single 24 hour period. 

[0034] Further, the invention relates to a method of reduc 
ing or eliminating side effects associated With y-aminobutyric 
acid (GABA) analogs by administering a therapeutically 
effective amount of a GABA analog in a gastric retentive 
dosage form to a patient in a tWice-daily dosing regimen 
Within a single 24 hour period. 

[0035] For example, the GABA analog is gabapentin. In 
other examples, the GABA analog is pregablin. 
[0036] In one embodiment, the therapeutically effective 
amount of gabapentin is to be administered to the patient in a 
total daily dose ranging from approximately 300 mg to 
approximately 9600 mg. 
[0037] In one embodiment, individual dosage units of the 
gastric retentive dosage form are approximately 100 mg to 
approximately 1800 mg of gastric retentive gabapentin. 
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[0038] In some embodiments, the dosage form is to be 
administered to the patient in an evening dose in fed mode. 
[0039] For example, the dosage form is a tablet or capsule. 
[0040] In one embodiment, the invention relates to a 
method of treating a patient suffering from menopause-re 
lated hot ?ashes. 
[0041] In one embodiment, the method of the invention is 
used to treat a patient suffering from side effects such as 
somnolence, diZZiness, fatigue, ataxia, Weight gain, periph 
eral edema, diarrhea, headache, dry mouth, blurred vision, 
and reversible visual ?eld constriction. 
[0042] For example, the side effects are somnolence and/or 
diZZiness. 
[0043] In one embodiment, the method of the invention is 
used to treat a patient suffering from a pain state that is a 
mixture of non-nociceptive pain and nociceptive pain. 
[0044] In one embodiment, the pain state is a non-nocice 
ptive pain. For example, the non-nociceptive pain is neuro 
pathic pain. 
[0045] The neuropathic pain is, for example, diabetic neu 
ropathy, HIV sensory neuropathy, postherpetic neuralgia, 
post-thoracotomy pain, trigeminal neuralgia, radiculopathy, 
neuropathic pain associated With chemotherapy, re?ex sym 
pathetic dystrophy, back pain, peripheral neuropathy, entrap 
ment neuropathy, phantom limb pain, or complex regional 
pain syndrome. 
[0046] In one embodiment, the method of the invention is 
used to treat a patient suffering from a pain state that is a 
mixture neuropathic pain and sympathetic pain. For example, 
the pain state is a migraine headache. For example, the non 
nociceptive pain is selected from pain associated With post 
menopausal symptoms or pain associated With chronic pelvic 
pain syndrome. 
[0047] In one embodiment, the method of the invention is 
used to treat a patient suffering from chemotherapy-related 
hot ?ashes and/or nausea. 

[0048] In one embodiment, upon administration, bioavail 
ability (AUC) of the GABA analogue at 2400 mg is approxi 
mately 70% to approximately 130% of the AUC for a com 
parable total daily dose of immediate release gabapentin. 
[0049] In another embodiment, upon administration, bio 
availability (AUC) of the GABA analogue at 2400 mg is 
approximately 80% to approximately 150% of the AUC for a 
comparable total daily dose of immediate release gabapentin. 
[0050] In another embodiment, upon administration, bio 
availability (AUC) of the GABA analogue at 2400 mg is 
approximately 100% to approximately 150% of the AUC for 
a comparable total daily dose of immediate release gabapen 
tin. 
[0051] In another embodiment, upon administration, bio 
availability (AUC) of the GABA analogue at 1800 mg is 
approximately 70% to approximately 130% of the AUC for a 
comparable total daily dose of immediate release gabapentin. 
[0052] In another embodiment, upon administration, bio 
availability (AUC) of the GABA analogue at 1800 mg is 
approximately 80% to approximately 150% of the AUC for a 
comparable total daily dose of immediate release gabapentin. 
[0053] In another embodiment, upon administration, bio 
availability (AUC) of the GABA analogue at 1800 mg is 
approximately 100% to approximately 150% of the AUC for 
a comparable total daily dose of immediate release gabapen 
tin. 
[0054] In one embodiment, administration to a patient as a 
single dose, results in blood plasma levels of the patient that 
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exhibit a maximum concentration (Cmax) of the GABA ana 
logue that is approximately 15% to approximately 85% less 
than Cmax for a comparable single dose of immediate release 
gabapentin. 
[0055] In another embodiment, administration to a patient 
as a single dose results in blood plasma levels of the patient 
that exhibit a maximum concentration (Cmax) of the GABA 
analogue that is approximately 35% to approximately 85% 
less than Cmax for a comparable single dose of immediate 
release gabapentin. 
[0056] In another embodiment, administration to a patient 
as a single dose results in blood plasma levels of the patient 
that exhibit a maximum concentration (Cmax) of the GABA 
analogue that is approximately 30% to approximately 50% 
less than Cmax for a comparable single dose of immediate 
release gabapentin. 
[0057] In another embodiment, administration to a patient 
as a single dose results in time to Cmax (Tmax) of gabapentin 
that is approximately 1.5 to approximately 5 hours longer 
than Tmax for a comparable single dose of immediate release 
gabapentin. 
[0058] In another embodiment, administration to a patient 
as a single dose results in time to Cmax (Tmax) of gabapentin 
that is approximately 1.5 to approximately 3.5 hours longer 
than Tmax for a comparable single dose of immediate release 
gabapentin. 
[0059] In one embodiment, the patient is further treated 
With an additional active agent selected from anticonvulsants, 
tricyclic antidepressants, opioids, and secondary analgesics. 
For example, the additional active agent is administered in the 
same gastric retentive dosage form as the GABA analog. 
[0060] For example, the anticonvulsants can be carbam 
aZepine, phenyloin, or lamotrigine. 
[0061] For example, the tricyclic antidepressants are 
selected from amitriptyline, imipramine, clomipramine, and 
desipramine. 
[0062] For example, the opioids are selected from oxyc 
odone and tramadol. 
[0063] For example, the secondary analgesic is a non-ste 
roidal anti-in?ammatory drug. 
[0064] In one embodiment, the dosage form is adminis 
tered to the patient in fed mode in a morning dose and an 
evening dose. 
[0065] In one embodiment, the morning dose is less than 
the evening dose. 
[0066] For example, the morning dose is equal to or less 
than about one-half of the evening dose. For example, the 
morning dose is equal to or less than about one-third of the 
evening dose. For example, the morning dose is equal to or 
less than about one-quarter of the evening dose. 
[0067] The invention relates to a method of reducing or 
eliminating side effects associated With y-aminobutyric acid 
(GABA) analogs by administering a therapeutically effective 
amount of a GABA analog in a gastric retentive dosage form 
to a patient in a once-daily dosing regimen Within a single 24 
hour period or in a tWice daily dosing regimen in Which the 
dose in the morning and dose in the evening are not equal, also 
Within a single 24 hour period, and Wherein upon administra 
tion to a patient as a single dose results in blood plasma levels 
of the patient that exhibit a maximum concentration (Cmax) of 
gabapentin gabapentin that is approximately 15% to approxi 
mately 85% less than Cmax for a comparable dose of imme 
diate release gabapentin also administered as a single dose, 
and Wherein upon administration, bioavailability (AUC from 
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0 to 24 hours at steady-state) of the gabapentin 2400 mg is 
approximately 80% to approximately 150% of the AUC for a 
comparable total daily dose of immediate release gabapentin. 
[0068] In one embodiment administration to a patient as a 
single dose results in blood plasma levels of the patient that 
exhibit a maximum concentration (Cmax) of gabapentin that is 
approximately 30% to approximately 50% less than Cm“, for 
a comparable dose of immediate release gabapentin also 
administered as a single dose. 

[0069] The invention relates to a method of reducing or 
eliminating side effects associated With y-aminobutyric acid 
(GABA) analogs by administering a therapeutically effective 
amount of a GABA analog in a gastric retentive dosage form 
to a patient in a once-daily dosing regimen Within a single 24 
hour period or in a tWice daily dosing regimen in Which the 
dose in the morning and dose in the evening are not equal, also 
Within a single 24 hour period, and Wherein administration to 
a patient as a single dose results in blood plasma levels of the 
patient that exhibit a maximum concentration (Cmax) of gaba 
pentin that is approximately 15% to approximately 85% less 
than Cmax for a comparable dose of immediate release gaba 
pentin also administered as a single dose, and Wherein upon 
administration, bioavailability (AUC from 0 to 24 hours at 
steady-state) of the gabapentin at 1800 mg is approximately 
80% to approximately 150% of the AUC for a comparable 
total daily dose of immediate release gabapentin. 
[0070] In one embodiment, administration to a patient as a 
single dose, results in blood plasma levels of the patient that 
exhibit a maximum concentration (Cmax) of gabapentin that is 
approximately 30% to approximately 50% less than C, for a 
comparable dose of immediate release gabapentin also 
administered as a single dose. 

[0071] The invention relates to a method of treating a 
patient suffering from a pain state by administering a thera 
peutically effective amount of a GABA analog in a gastric 
retentive dosage form to a patient in a once-daily dosing 
regimen Within a single 24 hour period or in a tWice daily 
dosing regimen in Which the dose in the morning and dose in 
the evening are not equal, also Within a single 24 hour period, 
and Wherein administration to a patient as a single dose results 
in blood plasma levels of the patient that exhibit a maximum 
concentration (Cmax) of gabapentin that is approximately 
15% to approximately 85% less than Cmax for a comparable 
dose of immediate release gabapentin also administered as a 
single dose, and Wherein upon administration, bioavailability 
(AUC from 0 to 24 hours at steady-state ) of the gabapentin at 
2400 mg is approximately 70% to approximately 150% of the 
AUC for a comparable total daily dose of immediate release 
gabapentin. 
[0072] For example, administration to a patient as a single 
dose, results in blood plasma levels of the patient that exhibit 
a maximum concentration (Cmax) of gabapentin that is 
approximately 30% to approximately 50% less than Cmax for 
a comparable dose of immediate release gabapentin also 
administered as a single dose. 

[0073] The invention relates to a method of treating a 
patient suffering from a pain state by administering a thera 
peutically effective amount of a GABA analog in a gastric 
retentive dosage form to a patient in a once-daily dosing 
regimen Within a single 24 hour period or in a tWice daily 
dosing regimen in Which the dose in the morning and dose in 
the evening are not equal, also Within a single 24 hour period, 
and Wherein administration to a patient as a single dose results 
in blood plasma levels of the patient that exhibit a maximum 
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concentration (Cmax) of gabapentin that is approximately 
15% to approximately 85% less than Cmax for a comparable 
dose of immediate release gabapentin also administered as a 
single dose, and Wherein upon administration, bioavailability 
(AUC from 0 to 24 hours at steady-state ) of the gabapentin at 
1800 mg is approximately 70% to approximately 150% of the 
AUC for a comparable total daily dose of immediate release 
gabapentin. 
[0074] For example, administration to a patient as a single 
dose results in blood plasma levels of the patient that exhibit 
a maximum concentration (Cmax) of gabapentin that is 
approximately 30% to approximately 50% less than Cmax for 
a comparable dose of immediate release gabapentin also 
administered as a single dose. 

[0075] In one embodiment, upon administration, bioavail 
ability (AUC) of the GABA analogue at 1800 mg is approxi 
mately 70% to approximately 130% of the AUC for a com 
parable total daily dose of immediate release gabapentin. 
[0076] In another embodiment, upon administration, bio 
availability (AUC) of the GABA analogue at 1800 mg is 
approximately 80% to 150% of the AUC for a comparable 
total daily dose of immediate release gabapentin. 
[0077] In one embodiment, upon administration, bioavail 
ability (AUC) as measured over 24 hours of the GABA ana 
logue at 1800 mg is approximately 80% to approximately 
150% of the AUC for a comparable total daily dose of imme 
diate release gabapentin. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0078] FIG. 1 illustrates the dissolution pro?les for three 
gastric retentive gabapentin formulations. 
[0079] FIG. 2 illustrates the average plasma pro?le of three 
gastric retentive formulations and the immediate release 
gabapentin capsule dosage form sold under the trade name 
NEURONTIN®. 
[0080] FIGS. 3 and 5 illustrate the in vivo AUC versus dose 
for immediate release NEURONTIN®. 
[0081] FIGS. 4 and 6 illustrate the in vivo AUC versus dose 
for the gastric retentive gabapentin do sage form of the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

De?nitions 

[0082] Before describing the present invention in detail, it 
is to be understood that the terminology used herein is for the 
purpose of describing particular embodiments only, and is not 
intended to be limiting. 
[0083] It must be noted that as used in this speci?cation and 
the appended claims, the singular forms “a,” “an” and “the” 
include plural referents unless the context clearly dictates 
otherwise; thus, for example, reference to “an active agent” or 
“a pharmacologically active agent” includes a single active 
agent as Well a tWo or more different active agents in combi 
nation, reference to “a polymer” includes mixtures of tWo or 
more polymers as Well as a single polymer, and the like. 

[0084] In describing and claiming the present invention, the 
folloWing terminology Will be used in accordance With the 
de?nitions set out beloW. 

[0085] The terms “effective amount” or a “therapeutically 
effective amount” refer to the amount of drug or pharmaco 
logically active agent to provide the desired effect Without 
toxic effects. 
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[0086] The terms “drug, active agent,” and “pharmaco 
logically active agent” are used interchangeably herein to 
refer to any chemical compound, complex or composition 
that is suitable for oral administration and that has a bene?cial 
biological effect, preferably a therapeutic effect in the treat 
ment or prevention of a disease or abnormal physiological 
condition. The terms also encompass pharmaceutically 
acceptable, pharmacologically active derivatives of those 
active agents speci?cally mentioned herein, including, but 
not limited to, salts, esters, amides, prodrugs, active metabo 
lites, analogs, and the like. When the terms “active agent,” 
“pharmacologically active agent,” and “drug” are used, then, 
or When a particular active agent is speci?cally identi?ed, it is 
to be understood that applicants intend to include the active 
agent per se as Well as pharmaceutically acceptable, pharma 
cologically active salts, esters, amides, prodrugs, metabolites, 
analogs, etc. 
[0087] The term “dosage form” refers to the physical for 
mulation of the drug for administration to the patient. Dosage 
forms include Without limitation, tablets, capsules, caplets, 
liquids, syrups, lotions, loZenges, aerosols, patches, enemas, 
oils, ointments, pastes, poWders for reconstitution, sachets, 
solutions, sponges, and Wipes. Within the context of the 
present invention, the gabapentin formulation Will generally 
be administered to patients in the form of tablets or capsules, 
although a liquid formulation is also contemplated under the 
invention. 

[0088] The term “dosage unit” refers to a single unit of the 
do sage form that is to be administered to the patient. The 
dosage unit Will be typically formulated to include an amount 
of drug su?icient to achieve a therapeutic effect With a single 
administration of the dosage unit although Where the siZe of 
the dosage form is at issue, more than one dosage unit may be 
necessary to achieve the desired therapeutic effect. For 
example, a single dosage unit of a drug is typically, one tablet, 
one capsule, or one tablespoon of liquid. More than one 
dosage unit may be necessary to administer su?icient drug to 
achieve a therapeutic effect Where the amount of drug causes 
physical constraints on the siZe of the dosage form. For 
example, Within the context of the gastric retentive gabapen 
tin do sage form of the present invention, Where the therapeu 
tic effective amount of gabapentin is 1800 mg, the patient 
Would be required to take multiple dosage units of gabapentin 
because a single dosage unit of 1800 mg of gabapentin Would 
be too large for a patient to sWalloW Without discomfort. In 
such a situation, the patient Wouldtake three 600 mg tablets or 
capsules or tWo 900 mg tablets or capsules of the gabapentin 
in order to achieve the 1800 mg therapeutic dose. It is to be 
understood that the dosage units of the gastric retentive gaba 
pentin of the present invention is not restricted to any particu 
lar siZe dosage unit (such as the 600 and 900 mg tablets or 
capsules discussed above) and that any dosage unit of a siZe 
that Would not be restrictive for comfortable ingestion is 
contemplated under the present invention. As an alternative to 
administering a plurality of 300-900 mg tablets or capsules, a 
large dose of gabapentin could be prepared in a single large 
dosage unit that is cut in half at the time of administration. 
Thus, With the 1800 mg therapeutic dose, a tablet of 1800 mg 
could be prepared that could be cut in half or in thirds in order 
to make the 1800 mg dosage unit more easily ingested. 
[0089] “Total daily dose” is the total amount of drug admin 
istered to the patient in one 24 hour period, regardless of 
Whether the protocol calls for a once-daily, tWice-daily, or 
thrice-daily administration of the drug. Thus, the total amount 
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of drug is summed for a given 24 hour period to determine 
hoW much total drug the patient is to be administered in a 
given day. For gabapentin, the maximum daily total dose 
deemed reasonable is about 9600 mg With the most common 
daily doses of gabapentin being in the range of 1800 mg to 
2400 mg daily; hoWever, it is to be understood that the amount 
of gabapentin to be administered to a particular patient Will 
vary due to the extent of the patient’s symptoms requiring 
treatment, the patient’s tolerance for gabapentin or drugs in 
general, the siZe of the patient, and various other factors that 
one of ordinary skill in the art must take into consideration. 

[0090] The term “asymmetric dose” refers to the adminis 
tration of more than one unequal doses of a particular drug in 
a 24 hour period. For example, tWo asymmetric doses of a 
particular drug are administered in a 24 hour period. Asym 
metric doses are typically administered as a small dose in the 
morning and a proportionally larger dose in the evening. 
Within the context of the present invention, a morning dose of 
the gastric retentive gabapentin of the present invention may 
be about one-half, one-third, or one-fourth the evening dose. 
Exemplary asymmetrical doses of the gastric retentive gaba 
pentin of the present invention may be 600 mg in the morning 
and 1200 mg in the evening (1800 total daily dose), 800 mg in 
the morning and 1500 mg in the evening (2300 total daily 
dose), 1000 mg in the morning and 2400 mg in the evening 
(3400 total daily dose), 800 mg in the morning and 3600 mg 
in the evening (4400 total daily dose), or 600 mg in the 
morning and 6000 mg in the evening (6600 total daily dose). 
While an asymmetric dosing regimen for gabapentin Will 
generally be administered With the smaller dose in the mom 
ing and the larger dose in the evening, there may be situations 
Where the morning dose may need to exceed the evening dose 
for reasons based on the needs of the patient, the degree of the 
patient’s symptoms, and other factors determined by the 
patient’s physician. By contrast, the term “symmetric dose” 
refers to the administration of tWo equal doses in a 24 hour 
period, such as for example, 300 mg of a given drug in the 
morning and 300 mg in the evening. 
[0091] “Titration” is the process of ramping up the total 
daily amount of drug administered to the patient. “Titration” 
alloWs the patient’s body to get used to the higher dose, and 
ensures that the patient is prepared for subsequent higher 
doses of the drug through a succession of daily doses that are 
of increasing amount. For example, With gabapentin, Where 
the maintenance dose is 1500 mg, the titration protocol might 
be 300 mg the ?rst day, 600 mg the second say, 900 mg the 
third day, 1200 mg the fourth day, and 1500 mg the ?fth day. 
In this Way, a titration schedule of 5 days can serve to adjust 
the patient to a maintenance dose of 1500 mg. 

[0092] “Weaning,” Which is also referred to as “tapering,” is 
the process of reducing the daily total dose a patient is receiv 
ing from the maintenance dose to a lesser dose. “Weaning” 
occurs When a patient is experiencing feWer of the symptoms 
requiring treatment or the treating physician Would like to test 
Whether the patient can reduce a maintenance dose. Weaning 
is effectively the opposite of titration, and occurs by succes 
sively reducing a daily maintenance dose to a loWer level. 
Weaning can occur doWn to 0 mg of drug, depending on 
Whether the patient is in fact ready to completely stop taking 
the medication. 

[0093] “Maintenance” is the dosage amount that the patient 
needs to reach and maintain a desired level of relief from the 
symptoms under treatment. The maintenance dose is gener 
ally a daily dosage amount, such as, for example 1200 mg, 
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1500 mg, 1800 mg, or 2400 mg. The maintenance dose is 
generally titrated to and maintained for a designated period of 
time. As discussed above, maintenance doses may also be 
diminished by Weaning. As is knoWn by those of ordinary 
skill in the art, maintenance doses should be set to minimiZe 
any side effects of the drug. 

[0094] The term “controlled release” is intended to refer to 
any dosage form in Which release of the drug is not immedi 
ate, i.e., With a “controlled release” formulation, oral admin 
istration does not result in immediate release of the drug into 
an absorption pool. The term is used interchangeably With 
“nonimmediate release” as de?ned in Remington: The Sci 
ence and Practice of Pharmacy, 20th edition (Lippincott Wil 
liams & Wilkins, 2000). Examples of controlled release dos 
age forrns include “delayed release,” “sustained or extended 
release,” and “modi?ed release” dosage forms. As discussed 
therein, immediate and non-immediate release can be de?ned 
kinetically by reference to the folloWing equation: 

Dosage k’ Absorption k” Target k6 
Folm drug Pool absorption Arm elimination 

release 

The “absorption pool” represents a solution of the drug 
administered at a particular absorption site, and k,, ka and ke 
are ?rst-order rate constants for (1) release of the drug from 
the formulation, (2) absorption, and (3) elimination, respec 
tively. For immediate release dosage forms, the rate constant 
for drug release k, is far greater than the absorption rate 
constant ka. For controlled release formulations, the opposite 
is true, i.e., k,<<ka, such that the rate of release of drug from 
the dosage form is the rate-limiting step in the delivery of the 
drug to the target area. It should be noted that this simpli?ed 
model uses a single ?rst order rate constant for release and 
absorption, and that the controlled release kinetics With any 
particular dosage form may be much more complicated. In 
general, hoWever, the term “controlled release” as used herein 
includes any nonimmediate release formulation. 

[0095] “Delayed release” dosage forms are a category of 
modi?ed release dosage forms in Which the release of the 
drug is delayed after oral administration for a ?nite period of 
time after Which release of the drug is unhindered. Delayed 
release dosage forms are frequently used to protect an acid 
labile drug from the loW pH of the stomach or Where appro 
priate to target the GI tract for local effect While minimiZing 
systemic exposure. Enteric coating is frequently used to 
manufacture delayed release dosage forms. 
[0096] The terms “sustained release,” and “extended 
release” are used interchangeably herein to refer to a dosage 
form that provides for gradual release of a drug over an 
extended period of time. With extended release dosage forms, 
the rate of release of the drug from the dosage form is reduced 
in order to maintain therapeutic activity of the drug for a 
longer period of time or to reduce any toxic effects associated 
With a particular dosing of the drug. Extended release dosage 
forms have the advantage of providing patients With a dosing 
regimen that alloWs for less frequent dosing, thus enhancing 
compliance. Extended release dosage forms can also reduce 
peak-related side effects associated With some drugs and can 
maintain therapeutic concentrations throughout the do sing 
period thus avoiding periods of insu?icient therapeutic 
plasma concentrations betWeen doses. 
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[0097] The term “modi?ed release” refers to a dosage form 
that includes both delayed and extended release drug prod 
ucts. The manufacture of delayed, extended, and modi?ed 
release dosage forms are knoWn to ordinary skill in the art and 
include the formulation of the dosage forms With excipients 
or combinations of excipients necessary to produce the 
desired active agent release pro?le for the dosage form. 
[0098] The “gastric retentive” oral dosage forms described 
herein are a type of extended release dosage form. Gastric 
retentive dosage forms are bene?cial for the delivery of drugs 
With reduced absorption in the loWer GI tract or for local 
treatment of diseases of the stomach or upper GI tract. For 
example, in certain embodiments of gastric retentive oral 
dosage forms of the present invention, the dosage form sWells 
in the gastric cavity and is retained in the gastric cavity of a 
patient in the fed med so that the drug may be released for 
heightened therapeutic effect. See, Hou et al., Cril. Rev. T her. 
Drug Carrier Sysl. 20(6):459-497 (2003). 
[0099] The term “AUC” (i.e., “area under the curve,” “area 
under the concentration curve,” or “area under the concentra 
tion-time curve”) is a pharmacokinetic term used to refer a 
method of measurement of bioavailability or extent of 
absorption of a drug based on a plot of an individual or pool 
of individual’s blood plasma concentrations sampled at fre 
quent intervals; the AUC is directly proportional to the total 
amount of unaltered drug in the patient’s blood plasma. For 
example, a linear curve for a plot of the AUC versus dose (i.e., 
straight ascending line) indicates that the drug is being 
released sloWly into the blood stream and is providing a 
steady amount of drug to the patient; if the AUC versus dose 
is a linear relationship this generally represents optimal deliv 
ery of the drug into the patient’s blood stream. By contrast, a 
non-linear AUC versus dose curve indicates rapid release of 
drug such that some of the drug is not absorbed, or the drug is 
metaboliZed before entering the blood stream. Within the 
context of the present invention, FIGS. 3-6 shoW the differ 
ence betWeen the AUC as a function of dose for immediate 

release gabapentin (N EURONTIN®) (FIGS. 3 and 5) versus 
the AUC as a function of dose for the gastric retentive gaba 
pentin of the present invention (FIGS. 4 and 6). The data from 
Table 6 and FIG. 2 indicates that gastric retentive gabapentin 
has an AUC that is approximately equivalent to comparable 
doses of immediate release gabapentin While the graphs set 
forth at FIGS. 3-6 indicate that gastric retentive gabapentin 
may actually have greater bioavailability than comparable 
doses of immediate release gabapentin. 

[0100] The term “Cmax” (i.e., “maximum concentration”) is 
a pharmacokinetic term used to indicate the peak concentra 
tion of a particular drug in the blood plasma of a patient. 
Within the context of the present invention, for immediate 
release formulations of gabapentin, the Cmax is generally 
higher than the Cmax of gastric retentive gabapentin because 
the latter releases the drug more sloWly than the former and 
thus, the gastric retentive gabapentin at the same dose does 
not achieve a peak concentration as high as the comparable 
dose of immediate release gabapentin. As shoWn in FIG. 2, 
and Table 6 of Example 4, the Cmax of gastric retentive gaba 
pentin (600 mg) is approximately 30% to approximately 50% 
less than the Cmax for a comparable dose of immediate release 
gabapentin. 
[0101] The term “Tmax” (i.e., “time of maximum concen 
tration” or “time of Cmax”) is a pharmacokinetic term used to 
indicate the time at Which the Cmax is ob served during the time 
course of a drug administration. Within the context of the 
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present invention, Tmax is also longer for gastric retentive 
gabapentin When compared to immediate release gabapentin. 
As shown in FIG. 2 and Table 6 of Example 4, the Tmax for 
gastric retentive gabapentin (600 mg) is approximately 1.5 to 
approximately 3.5 hours longer (equivalent to approximately 
40% to approximately 80% sloWer) than the Tmax for a com 
parable dose of immediate release gabapentin. As Would be 
expected, a dosage form that Would include an immediate 
release as Well as a gastric retentive component Would have a 
Tmax that is higher than the Tmax for an immediate release 
dosage form, but loWer than the Tmax for a purely gastric 
retentive dosage form. 
[0102] The term “half-life” is a pharmacokinetic term used 
to indicate the length of time necessary to eliminate 50% of 
the remaining amount of drug present in the body. 
[0103] By “pharmaceutically acceptable,” such as in the 
recitation of a “pharmaceutically acceptable carrier,” or a 
“pharmaceutically acceptable acid addition salt,” is meant a 
material that is not biologically or otherWise undesirable, i.e., 
the material may be incorporated into a pharmaceutical com 
position administered to a patient Without causing any unde 
sirable biological effects or interacting in a deleterious man 
ner With any of the other components of the composition in 
Which it is contained. The term “pharmacologically active” 
(or simply “active”) as in a “pharmacologically active” 
derivative, refers to a derivative having the same type of 
pharmacological activity as the parent compound and 
approximately equivalent in degree. When the term “pharma 
ceutically acceptable” is used to refer to a derivative (e.g., a 
salt) of an active agent, it is to be understood that the com 
pound is pharmacologically active as Well. When the term, 
“pharmaceutically acceptable” is used to refer to an excipient, 
it implies that the excipient has met the required standards of 
toxicological and manufacturing testing or that it is on the 
Inactive Ingredient Guide prepared by the FDA, or compa 
rable agency. 
[0104] The term “soluble” as used herein refers to a drug 
having an aqueous solubility (measured in Water at 200 C.) 
greater than 10%, preferably greater than 20%, by Weight. 
The terms “slightly soluble” and “sparingly soluble” refer to 
a drug having an aqueous solubility (measured at 200 C.) in 
the range of 2% to 10% by Weight, While drugs having an 
aqueous solubility in the range of 0.001% to less than 2% by 
Weight are referred to as “substantially insoluble.” 

[0105] The terms “hydrophilic” and “hydrophobic” are 
generally de?ned in terms of a partition coef?cient P, Which is 
the ratio of the equilibrium concentration of a compound in an 
organic phase to that in an aqueous phase. A hydrophilic 
compound has a P value less than 1.0, typically less than 
about 0.5, Where P is the partition coef?cient of the compound 
betWeen octanol and Water, While hydrophobic compounds 
Will generally have a P greater than about 1.0, typically 
greater than about 5.0. The polymeric carriers herein are 
hydrophilic, and thus compatible With aqueous ?uids such as 
those present in the human body. 
[0106] The term “polymer” as used herein refers to a mol 
ecule containing a plurality of covalently attached monomer 
units, and includes branched, dendrimeric, and star polymers 
as Well as linear polymers. The term also includes both 
homopolymers and copolymers, e.g., random copolymers, 
block copolymers and graft copolymers, as Well as 
uncrosslinked polymers and slightly to moderately to sub 
stantially crosslinked polymers, as Well as tWo or more inter 
penetrating cross-linked netWorks. 
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[0107] The term “vesicle” as used herein refers to a small 
(e.g., 0.01 to 1.0 mm), usually spherical structure that may 
contain orbe composed of either lipoidal or aqueous material, 
or both. Suitable vesicles include, but are not limited to, 
liposomes, nanoparticles, and microspheres composed of 
amino acids. While vesicles are usually membrane-bound, 
they need not necessarily be membrane bound and Within the 
context of the present invention, the term “vesicle” includes 
both membrane-bound and non-membrane-bound structures. 
[0108] The terms “sWellable” and “bioerodible” (or simply 
“erodible”) are used to refer to the polymers used in the 
present dosage forms, With “sWellable” polymers being those 
that are capable of absorbing Water and physically sWelling as 
a result, With the extent to Which a polymer can sWell being 
determined by the molecular Weight or degree of crosslinking 
(for crosslinked polymers), and “bioerodible” or “erodible” 
polymers referring to polymers that sloWly dissolve and/or 
gradually hydrolyZe in an aqueous ?uid, and/or that physi 
cally disentangle or undergo chemical degradation of the 
chains themselves, as a result of movement Within the stom 
ach or GI tract. 

[0109] The in vivo “release rate” and in vivo “release pro 
?le” refer to the time it takes for the orally administered 
dosage form, or the active agent-containing layer of a bilayer 
or multilayer tablet (administered When the stomach is in the 
fed mode) or the content of the active ingredient to be reduced 
to 0-10%, preferably 0-5%, of its original siZe or level, as may 
be observed visually using NMR shift reagents or paramag 
netic species, radio-opaque species or markers, or radiola 
bels, or determined mathematically, such as deconvolution, 
upon its plasma concentration pro?les. 
[0110] The term “fed mode,” as used herein, refers to a state 
Which is typically induced in a patient by the presence of food 
in the stomach, the food-giving rise to tWo signals, one that is 
said to stem from stomach distension and the other a chemical 
signal based on food in the stomach. It has been determined 
that once the fed mode has been induced, larger particles are 
retained in the stomach for a longer period of time than 
smaller particles; thus, the fed mode is typically induced in a 
patient by the presence of food in the stomach. 
[0111] In the normal digestive process, the passage of mat 
ter through the stomach is delayed by a physiological condi 
tion that is variously referred to as the digestive mode, the 
postprandial mode, or the “fed mode.” BetWeen fed modes, 
the stomach is in the interdigestive or “fasting” mode. The 
difference betWeen the tWo modes lies in the pattern of gas 
troduodenal motor activity. 
[0112] In the fasting mode, the stomach exhibits a cyclic 
activity called the “interdigestive migrating motor complex” 
or “IMMC”. This activity occurs in four phases: 
[0113] Phase I, Which lasts 45 to 60 minutes, is the most 
quiescent, With the stomach experiencing feW or no contrac 
tions; 
[0114] Phase II, characterized by sWeeping contractions 
occurring in an irregular intermittent pattern and gradually 
increasing in magnitude; 
[0115] Phase III, consisting of intense bursts of peristaltic 
Waves in both the stomach and the small boWel, lasting for 
about 5 to 15 minutes; and 
[0116] Phase IV is a transition period of decreasing activity 
Which lasts until the next cycle begins. 
[0117] The total cycle time for all four phases is approxi 
mately 90 minutes. The greatest activity occurs in Phase III, 
When poWerful peristaltic Waves sWeep the sWalloWed saliva, 
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gastric secretions, food particles, and particulate debris, out 
of the stomach and into the small intestine and colon. Phase 
III thus serves as an intestinal housekeeper, preparing the 
upper tract for the next meal and preventing bacterial over 
groWth. 
[0118] The fed mode is initiated by nutritive materials 
entering the stomach upon the ingestion of food. Initiation is 
accompanied by a rapid and profound change in the motor 
pattern of the upper GI tract, over a period of 30 seconds to 
one minute. The change is observed almost simultaneously at 
all sites along the GI. tract and occurs before the stomach 
contents have reached the distal small intestine. Once the fed 
mode is established, the stomach generates 3-4 continuous 
and regular contractions per minute, similar to those of the 
fasting mode but With about half the amplitude. The pylorus is 
partially open, causing a sieving effect in Which liquids and 
small particles ?oW continuously from the stomach into the 
intestine While indigestible particles greater in siZe than the 
pyloric opening are retropelled and retained in the stomach. 
This sieving effect thus causes the stomach to retain particles 
exceeding about 1 cm in siZe for approximately 4 to 6 hours. 

[0119] Within the context of the present invention, the term 
“pain” as used herein refers to a pain state experienced by a 
human individual or a mammal (also referred to as a “patient” 
herein) that includes a non-nociceptive pain, i.e., a neuro 
pathic pain, a sympathetic pain, or both. As used herein, the 
term “pain” is also intended to include a mixed pain syndrome 
that includes a nociceptive pain state in addition to a non 
nociceptive pain state. Examples of neuropathic pain include, 
Without limitation, diabetic neuropathy, HIV sensory neur 
opathy, post-herpetic (or post-shingles) neuralgia, post-tho 
racotomy pain, trigeminal neuralgia, radiculopathy, neuro 
pathic pain associated With chemotherapy, re?ex sympathetic 
dystrophy or causalgia also knoWn as nerve damage (for 
example carpal tunnel syndrome), back pain, peripheral neu 
ropathy (known as Widespread nerve damage experienced in 
the limbs and regions extending from the central nervous 
system), entrapment neuropathy (e.g., carpel tunnel syn 
drome), phantom limb pain, and complex regional pain syn 
drome. As previously noted, sympathetic pain occurs most 
commonly after fractures and soft tissue injuries of the arms 
and legs. Because pain is dif?cult to de?ne and characterize, 
it is to be understood that a patient being treated for a particu 
lar non-nociceptive pain state, such as the neuropathic pain 
condition of neuralgia, may also be experiencing a sympa 
thetic pain condition or a nociceptive pain condition. In this 
respect, the term “pain” as used herein is used to include a 
mixed syndrome pain that includes mixed syndrome non 
nociceptive pain (i.e., pain that includes both neuropathic and 
sympathetic pain) or a nociceptive pain that accompanies a 
non-nociceptive pain state. Examples of mixed syndrome 
non-nociceptive pain are pain associated With post-meno 
pausal symptoms, or pain associated With chronic pelvic pain 
syndrome. A migraine headache is considered to be one 
example of a mixed syndrome pain state that is a mixture of 
neuropathic and somatic (i.e., nociceptive) pain. 
[0120] With respect to pain, the terms “treating” and “treat 
ment” as used herein refer to reduction in severity and/or 
frequency of pain symptoms, elimination of pain symptoms 
and/ or the underlying cause for pain symptoms and the 
improvement or remediation of damage caused by the pain 
symptoms. With respect to other conditions or diseases, the 
terms “treating” and “treatment” includes the folloWing 
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actions inhibiting the disease, i.e., arresting its development; 
or relieving the disease, i.e., causing regression of the disease. 
[0121] Prevention includes delaying or inhibiting the 
occurrence of pain symptoms and/ or their underlying cause, 
e.g., delaying or inhibiting the disease from occurring in a 
subject Which may be predisposed to the disease, but has not 
yet been diagnosed as having it. 

Active Agents 

[0122] Active agents that may be used With the dosage 
forms of the present invention include the GABA analog 
gabapentin and the related GABA analog pregabalin (S)-(3 
aminomethyl)-5-methylhexoanoic acid) or (S)-isobutyl 
GABA. In addition to gabapentin and pregabalin, it is con 
templated that other GABA analogs may be used as active 
agents in the manufacture of the do sage forms and the meth 
ods described herein. Examples of other GABA analogs that 
may be used Within the context of the present invention 
include, Without limitation, cis-(1-S,3R)-(1-aminomethyl) 
3-methylcyclohexane)acetic acid; 1a, 3a, 5a-(1-aminom 
ethyl)-(3,5-dimethylcyclohexane)acetic acid; (9-(aminom 
ethyl)bicyclo[3.3.1]non-9-yl)acetic acid: and (7 
(aminomethyl)bicycle[2.2.1]hept-7-yl)acetic acid. Bryans et 
al. J MED CHEM 41:1838-1845 (1998); Bryans et al., MED 
RES REV 19:149-177 (1999). 
[0123] Within the context of the present invention, the 
GABA analogs are preferably used in free amphoteric form, 
including ZWitterionic form; hoWever, pharmaceutically 
acceptable salt forms, hydrates or solvates that retain the 
biological effectiveness and properties of gabapentin, pre 
gabalin, and/or other GABA analogs are not biologically or 
otherWise undesirable, can also be used and may shoW supe 
rior bioavailability. In this respect, as used herein, the terms 
“gabapentin” and “pregabalin” and “GABA analogs” are 
intended to include the agent itself, as Well as its pharmaceu 
tically acceptable salts. 
[0124] Pharmaceutically acceptable salts may be amphot 
eric and may be present in the form of internal salts. In this 
respect, the gabapentin, pregabalin, and other GABA analogs 
described herein may form acid addition salts and salts With 
bases. Exemplary acids that can be used to form such salts 
include, by Way of example and not limitation, mineral acids 
such as hydrochloric, hydrobromic, sulfuric or phosphoric 
acid or organic acids such as organic sulfonic acids and 
organic carboxylic acids. Salts formed With inorganic bases 
include, for example, the sodium, potassium, lithium, ammo 
nium, calcium, and magnesium salts. Salts derived from 
organic bases include, for example, the salts of primary, sec 
ondary and tertiary amines, substituted amines including 
naturally-occurring substituted amines, and cyclic amines. 
including isopropylamine, trimethylamine, diethylamine, tri 
ethylamine, tripropylamine, ethanolamine, 2-dimethyl ami 
noethanol, tromethamine, lysine, arginine, histidine, caf 
feine, procaine, hydrabamine, choline, betaine, 
ethylenediamine, glucosamine, N-alkylglucamines, theobro 
mine, purines, piperaZine, piperidine, N-ethylpiperidine, 
fumarate, maleate, succinate, acetate and oxalate. The inven 
tion also contemplates administering one or more additional 
therapeutic agents With the gabapentin treatment. The selec 
tion of these additional therapeutic agents Will depend upon 
the speci?c disease state or condition that is being treated. 
[0125] Additional therapeutic agents that can be used With 
the gastric retentive gabapentin of the present invention to 
treat any of the various pain states described above, include 
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anticonvulsants, tricyclic antidepressants, opioids, and sec 
ondary analgesics. Examples of suitable anticonvulsants 
include carbamaZepine, phenyloin, and lamotrigine. 
Examples of suitable tricyclic antidepressants include ami 
triptyline, imipramine, clomipramine, and desipramine. 
Examples of suitable opioids include oxycodone and trama 
dol. 
[0126] For those embodiments of the invention Where the 
gabapentin gastric retentive dosage form is administered for 
prophylactic treatment of migraine headaches, such addi 
tional therapeutic agents can be selected from the group con 
sisting of tricyclic antidepressants (amitriptyline, doxepin, 
imipramine, maprotiline, protriptyline, desipramine), SSRI 
(?uoxetine), triptine (sumatriptan, etc.), and ergotamine. 
[0127] Where the additional therapeutic agent is a second 
ary analgesic, any analgesic that Would complement the treat 
ment protocol of the gastric retentive gabapentin of the 
present invention can be administered With gabapentin, either 
at the same time or at different times in order to treat the pain 
condition at hand. The secondary analgesic Would typically 
be administered at least once in a 24-hour period, and can be 
any analgesic effective for treatment of pain. One type of 
analgesic that may be used in conjunction With the gastric 
retentive gabapentin of the present invention is non-steroidal 
anti-in?ammatory drugs (“NSAIDs”). 

Dosing Regimens and Pharmacokinetics 

[0128] Generally, the frequency of administration of a par 
ticular dosage form is determined to provide the most effec 
tive results in an e?icient manner Without overdosing and 
varies according to the characteristics of the particular drug, 
including both its pharmacological characteristics and its 
physical characteristics, such as solubility. In some embodi 
ments, the characteristics of the sWellable matrix, such as its 
permeability, and the relative amounts of the drug and poly 
mer Will also affect frequency of administration. In most 
cases, the dosage form is prepared such that effective results 
are achieved With administration once every eight hours, once 
every tWelve hours, or once every tWenty-four hours. As 
previously discussed, due to the physical constraints placed 
on a tablet or capsule that is to be sWalloWed by a patient, most 
dosage forms can only support a limited amount of drug 
Within a single dosage unit. 
[0129] In one embodiment, the present invention relates to 
a method of treating a pain state, by administering a thera 
peutically effective amount of gabapentin, or a pharmaceuti 
cally acceptable salt thereof, to a patient in need of such 
treatment in a gastric retentive dosage form that is adminis 
tered to the patient in a once-daily or tWice-daily dosing 
regimen. The method of the present invention is useful for 
treating numerous pain states that are currently being treated 
With conventional immediate release formulations of gabap 
entin and include, by Way of illustration and not limitation, 
pain states exhibiting neuropathic pain, sympathetic pain, a 
mixture of neuropathic pain and sympathetic pain, or a mix 
ture of neuropathic pain or sympathetic pain With nociceptive 
pain. 
[0130] Within the context of the present invention, the gas 
tric retentive gabapentin of the present invention has the 
advantage of improving patient compliance With gabapentin 
administration protocols because the drug is administered in 
a once-daily or tWice-daily dosing regimen, rather than the 
multiple dosing administrations necessary for the immediate 
release dosage forms of gabapentin. For one embodiment of 
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the present invention, When administered in the fed mode, the 
gastric retentive gabapentin dosage forms are retained for a 
period of time in the stomach and the release of the drug is 
extended beyond the release time of an immediate release 
dosage form. One embodiment of the invention relates to a 
method of administering a therapeutically effective amount 
of gabapentin to a patient in need thereof, comprising admin 
istering gabapentin or pharmaceutically acceptable salt 
thereof, in a gastric retentive dosage form once in the morning 
or evening in a once a day daily dosing regimen. Another 
embodiment comprises administering a therapeutically effec 
tive amount of gabapentin to a patient in need thereof, com 
prising administering gabapentin or a pharmaceutically 
acceptable salt thereof, in a gastric retentive dosage form 
tWice a day, for example once in the morning and once in the 
evening in a tWice a day daily dosing regimen. 
[0131] In addition to the foregoing, one embodiment of the 
gastric retentive dosage forms of the present invention can 
loWer the maximum plasma concentration of the drug in a 
patient’s blood When compared to a similar dose of immedi 
ate release (IR) gabapentin thereby reducing any side effects 
from the drug. The folloWing discussion references gabapen 
tin for purposes of illustration and not for purposes of limiting 
the dosage forms of the present invention solely to gabapen 
tin; in this respect, pregabalin and other GABA analogs are 
expected to behave similarly to gabapentin. 
[0132] Since gabapentin is absorbed high in the GI (gas 
trointestinal) tract by means of a saturable transport mecha 
nism, a gastric retentive dosage form is particularly bene?cial 
for delivery of gabapentin since the dosage form can keep the 
drug in the region of absorption for an extendedperiod of time 
and consequently improve bioavaliability of the drug. By 
virtue of the sloWer release rate of the gastric retentive gaba 
pentin of the present invention, saturation of the carrier-me 
diated transport of conventional dosages is avoided. The gas 
tric retentive dosage form of the present invention is 
particularly bene?cial for delivery of gabapentin due to its 
prolonged transit in the upper GI tract, Which alloWs the drug 
to be absorbed adequately in the preferred region of absorp 
tion. Further, as shoWn in FIG. 2, the gastric retentive gaba 
pentin dosage forms of the present invention increase the 
Tmax, for the drug and loWer the Cmax for the drug, Which may 
result in reduced incidence and/or severity of the central 
nervous system (CNS) side effects of the drug, such as som 
nolence, diZZiness, fatigue, ataxia, Weight gain, peripheral 
edema, diarrhea, headache, dry mouth, blurred vision, and/or 
reversible visual ?eld constriction. 
[0133] In one embodiment of the present invention, the 
gastric retentive gabapentin is administered in a once-daily 
dosing regimen With a total daily dose of gabapentin ranging 
from about 300 mg/day to about 9600 mg/day, depending on 
the disease state or condition that is being treated. 
[0134] In another embodiment of the invention, the gastric 
retentive gabapentin is administered in the morning and 
evening in a tWice a day daily dosing regimen With a total 
daily dose of gabapentin ranging from about 300 mg/day to 
about 9600 mg/ day. 
[0135] Where the total daily dose of gabapentin is 1000 mg 
or greater, the patient is preferably titrated up to the maximum 
maintenance dose that the patient is capable of tolerating. 
Titration is preferable With both the once-daily and tWice 
daily -dosing regimens. 
[0136] With the tWice-daily dosing regimen, the tWo dos 
ings may be administered in a symmetric or asymmetric 
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do sing regimen. With a symmetric do sing regimen, the mom 
ing dose is the same as the evening dose. Thus, a symmetric 
dosing regimen may consist of 300 mg of gabapentin in the 
morning and 300 mg of gabapentin in the evening for a total 
daily dose of 600 mg of gabapentin for a single 24 hour 
period. With gabapentin, symmetric dosing regimens are best 
used where lower dosages of gabapentin are being used for 
treating a particular disease state or condition. With the twice 
daily dosing regimen in an asymmetric dosing regimen, the 
morning and evening doses will not be the same. Where high 
doses of gabapentin are being used to treat a particular disease 
state or condition, asymmetric dosing regimens are preferred. 
Examples of asymmetric dosing regimens can be, for 
example, 300 mg in the morning and 1200 mg in the evening 
for a total daily dose of 1500 mg/day; 600 mg in the morning 
and 3600 mg in the evening for a total daily dose of 4200 
mg/ day; or 900 mg in the morning and 6000 mg in the evening 
for a total daily dose of 6900 mg/day. Differential dosing 
levels may also be used for a dosing regimen, such as for 
example, where different dosages are administered for the 
morning and evening doses during the asymmetric treatment 
course. Under this scenario, a patient may have a decreasing 
morning dose and an increasing evening dose, or an increas 
ing morning dose and a decreasing evening dose during a 
particular part of the dosing regimen. 
[0137] Individual dosage units for both the once-daily and 
twice-daily dosing regimens will generally contain from 
about 100 mg to about 1800 mg of gabapentin per dosage unit. 
Presently, any dosing regimen for the gastric retentive gaba 
pentin of the present invention must take into consideration 
both the amount of the gabapentin in a single dosage unit and 
the number of tablets or capsules that can be consumed 
together to reach the desired daily dose and/ or maintenance 
dose. For example, for a dosing regimen comprised of a 
once-daily dosing of 1800 mg of gastric retentive gabapentin, 
three 600 mg tablets or a 1200 mg tablet or capsule may be 
taken together with a 600 mg tablet at the evening meal. If the 
patient ?nds that the 1200 mg tablet is too large, then the 
patient may take two 600 mg tablets or three 400 mg tablets. 
For a dosing regimen comprised of a twice-daily dosing of 
1 800 mg of gastric retentive gabapentin, 600 mg may be taken 
with a morning meal and 1200 mg (in one or multiple dosage 
units) may be taken with an evening meal. 

[0138] For all modes of administration, for the embodiment 
of the present invention for which the gastric retentive do sage 
is a swellable matrix which relies upon do sing in the fed mode 
to increase the gastric residence time, the gastric retentive 
gabapentin dosage forms are preferably administered in the 
fed mode, i.e., with or just after consumption of a meal. 
Because two of the side effects of gabapentin are somnolence 
and diZZiness, it is preferable, when possible, for the patient to 
take the once-daily dose or the larger of the twice-daily doses 
with an evening meal. In this way, the patient may avoid the 
side effects by sleeping through the side effects, thus permit 
ting better compliance and optimiZation of the dosing regi 
men. When administered in the evening fed mode, one 
embodiment of the gastric retentive gabapentin of the present 
invention will provide the patient with continued relief from 
the particular disease state or condition under treatment 
through the night and into the next day. The gastric retentive 
gabapentin dosage form of the present invention is able to 
provide relief from the disease state or condition under treat 
ment for an extended period of time because the dosage form 
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allows for both extended release of the gabapentin and the 
superior absorption of the drug in the GI tract. 
[0139] As previously discussed, with both the once-daily 
and twice-daily dosing regimens described herein, the total 
daily dose of gabapentin may be titrated up to a maximum 
amount per day, also called the maintenance dose. The length 
of time for the titration process will vary with the individual 
patients, but will generally range from approximately two 
days to approximately two weeks. Likewise, where a patient 
is nearing the completion of a therapeutic course of gabapen 
tin, the patient may be weaned off the maintenance dose over 
a period of days or weeks so that the patient’s body has a 
chance to adjust to the reduction of medication slowly. 
[0140] That the gastric retentive gabapentin dosage form of 
the present invention may be administered in once-daily or 
twice-daily dosing regimens as described herein is particu 
larly surprising and unexpected when compared to the behav 
ior of immediate release gabapentin. Speci?cally, immediate 
release gabapentin is not well absorbed in the colon and has 
such a short half-life that it must be administered at least three 
times a day in order to achieve a desired level of pain relief. 
Non gastric-retentive extended release gabapentin formula 
tions may deliver a signi?cant fraction of the drug to the lower 
GI tract, and therefore the drug is not well absorbed, thereby 
decreasing bioavailability of the drug when compared to the 
bioavailability of an equivalent immediate release dose. Thus, 
gastric retentive dosage forms of gabapentin allow for 
extended delivery of gabapentin without signi?cant loss of 
bioavailability. However, the slower absorption of the gastric 
retentive gabapentin of the present invention allows for 
administration of the drug in a once or twice daily dosing 
regimen with improved pain relief and without exacerbation 
of the incidence of adverse side effects. FIG. 2 and Table 6 of 
Example 4 provide evidence of the slower release of gabap 
entin as compared to immediate release gabapentin into the 
bloodstream through measurements. The data in Tables 6 
indicates that gastric retentive gabapentin has a Cmax that is 
approximately 30% to approximately 50% less than the Cmax 
of a comparable dose of immediate release gabapentin. 
[0141] In addition to a decrease in Cm“, the gastric reten 
tive dosage forms of the present invention also show 
increased Tmax (FIG. 2 and Table 6 of Example 4) providing 
further evidence for the longer lasting effects of the gastric 
retentive gabapentin of the present invention when compared 
to immediate release gabapentin. The data in Table 6 indicates 
that 600 mg of gastric retentive gabapentin has a Tmax that is 
approximately 1.5 to approximately 3 .5 hours longer (equiva 
lent to approximately 40% to approximately 80% slower) 
than the Tmax of a comparable dose of immediate release 
gabapentin. 
[0142] A further surprising and unexpected feature of the 
gastric retentive gabapentin dosage forms of the present 
invention is that the gastric retentive dosage forms enable 
greater bioavailability of the higher doses of gabapentin when 
compared to a comparable dose of immediate release gabap 
entin. Speci?cally, according to the Summary Basis of 
Approval for NEUROTNIN® (New Drug Application 
(“NDA”) 20-235), the normaliZed AUC(600-mg) of 600-mg, 
800-mg, 1200 mg and 1600-mg in four subjects were 53%, 
37%, 38% and 29%, respectively where the AUC was 
obtained at steady-state. For one embodiment of the present 
invention, the AUCO_0O (ng*hr/ml) (geometric mean of 19 
subjects) values for escalating doses of 600-mg, 1200-mg, 
1800-mg and 2400-mg administered as single-doses imme 
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diately after a meal to healthy votunteers Were 35698, 63209, 
90894, and 108572, respectively (rounded to the nearest 
Whole number). Because the AUCO_0O for a single dose is 
equivalent to the steady-state AUC as measured betWeen dos 
ing intervals, the AUC values in both cases represent the 
AUCO_0O and comparisons can be made. Therefore, if a ratio 
of the AUC to that obtained at 600-mg dose, and normaliZed 
for the dose administered is made, the ratios for the NEU 
ROTNIN© capsules are 1.0, 0.698, 0.717 and 0.547 for the 
600-mg, 800-mg, 1200 mg and 1600-mg respectively com 
pared to ratios for one embodiment of the present invention of 
1.0, 0.882, 0.843 and 0.753 for the 600-mg, 1200-mg, 1800 
mg and 2400-mg doses, respectively. Thus, the fraction of the 
dose that is absorbed decreases by about 50% When the dose 
is increased from 600-mg to 1600 mg for NEURONTIN® 
capsules. In contrast, for one embodiment of the present 
invention, the fraction of the dose that is absorbed decreases 
by about 25% When the dose is increased from 600 mg to 
2400 mg, and only 15% at 1800 mg, Which is still above the 
1600 mg dose of immediate release NEURONTIN® Which 
demonstrated a loss of almost 50% compared to the 600-mg 
dose of immediate release NEURONTIN®. FIGS. 3-6 pro 
vide evidence of the enhanced bioavailability of the gastric 
retentive gabapentin of the present invention as compared to 
immediate release gabapentin through AUC measurements. 
In addition, Example 12 demonstrates comparable AUC over 
24 hours for the tWice -daily gabapentin as compared to three 
times daily NEURONTIN® at the same total daily dose of 
1800 mg. 

[0143] Further, as gabapentin is knoWn to exhibit saturable 
absorption (i.e., Where a drug is absorbed only to the amount 
of saturation), it is also surprising and unexpected that the 
gastric retentive gabapentin dosage forms of the present 
invention are capable of being administered in doses that are 
tWo to six times the doses administered for immediate release 
gabapentin While retaining su?icient bioavailability to attain 
the therapeutic effects of the conventional immediate release 
gabapentin dosage forms. As shoWn in FIGS. 4 and 6, the 
sloWer absorption of the gastric retentive gabapentin of the 
present invention permits nearly linear absorption over the 
range of 600 mg to 2400 mg of gastric retentive gabapentin 
administered at one dosing. FIGS. 3 and 5 shoW that imme 
diate release gabapentin (i.e., NEURONTIN®) is saturated at 
1200 mg and thus, is unavailable to deliver additional drug to 
the patient at dosages above 1200 mg (although not all 1200 
mg is absorbed for either case). The saturable absorption 
mechanism may also explain the higher loss of bioavailability 
ob served in the NDA for the NEURONTINO When compared 
to the present invention. 

[0144] A particularly bene?cial advantage of the once or 
tWice daily dosing regimens for the gastric retentive gabap 
entin of the present invention is that When the once-daily 
dosing is administered in the evening, or When the larger of 
the tWice-daily dosing is administered in the evening, the 
patient is able to experience the therapeutic effects of gaba 
pentin throughout the night. As a result of the linear absorp 
tion of the drug in the gastric retentive dosage forms of the 
present invention, the gabapentin is released continuously 
throughout the night thus providing continuous therapy. 
Tables 9-12 of Example 10 shoWs data obtained from a clini 
cal trial conducted With the gastric retentive gabapentin dos 
age form of the present invention Where the gabapentin Was 
administered in once daily and tWice daily dosing regimens. 
In addition, Example 12 demonstrates data obtained from a 
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clinical trial conducted With the gastric retentive gabapentin 
dosage form of the present invention Where the gabapentin 
Was administered in once daily and tWice daily dosing regi 
mens. 

[0145] Another bene?cial advantage of the gastric retentive 
gabapentin of the present invention is that When it is admin 
istered at a suf?ciently high dose With an evening meal, the 
somnolence and/or diZZiness, typically associated With 
higher dosages of gabapentin administered in other Ways, are 
ameliorated With nighttime sleep. Another advantage of 
administering a high evening dose of gastric retentive gaba 
pentin is that the do sage form Will alloW for continued therapy 
upon Waking and potentially throughout the next day until the 
next evening administration. Where appropriate if necessary, 
a small morning dosing (e.g., 300 mg) may be administered to 
supplement the larger evening dosages. There is also an 
advantage of the reduced gastric motility at night time over 
that in the day time (induced by the fed mode) Which has to be 
maintained for an extended period of time (With meals). 
[0146] Another advantage of the present invention is that it 
may alloW patients Who are unable to reach an effective 
therapeutic dose of gabapentin to be effectively treated With 
gabapentin. For those patients Who are unable to reach an 
effective dose of gabapentin due to inability to tolerate side 
effects, the combination of extended release With a loWer 
maximum concentration (Cmax) compared to the equivalent 
IR dose if both are administered as single doses, as Well as the 
dosing regimen in Which all or a larger fraction of the dose, is 
administered after the evening meal, may loWer the incidence 
of side effects suf?ciently to alloW the patient to reach a 
therapeutically effective dose. Moreover, some patients may 
not be effectively treated With gabapentin because they expe 
rience no increase in e?icacy With increased dose. The 
present invention Will alloW for a larger percentage of the 
administered dose to be absorbed at higher doses When com 
pared to immediate release gabapentin, and thus may alloW 
some patients to obtain e?icacious treatment Who found 
immediate release gabapentin insuf?cient. Thus, the combi 
nation of dosing regimen, increased bioavailability (When 
compared to immediate release gabapentin) and the extended 
release of gabapentin over time may alloW for reduced inci 
dence of side effects and as a result, improved ef?cacy as 
more patients may be able to reach an ef?cacious dose. 
[0147] As previously noted, the patient may be titrated up 
to the maintenance dose (i.e., the highest maximum dose 
alloWable or preferred for a patient). Titration may occur over 
a period of days or Weeks, depending on the patient’s thera 
peutic needs, the magnitude of the maintenance dose, and the 
patient’s apparent tolerance for gabapentin. Titration Will 
generally be determined by the administrating practitioner. 
[0148] Likewise the patient may be Weaned from the high 
maintenance dose doWn to a Zero dose in a gradual process 
that alloWs the patient’s body to adjust to reduced medication 
and to determine Whether the gabapentin therapy is suf?cient 
at the loWer dose. 
[0149] When the administration of an additional therapeu 
tic agent in addition to the gabapentin is desired, the addi 
tional active agent may be administered at the same time or at 
a different time than gabapentin. For purposes of facilitating 
patient compliance, administration of any of the aforemen 
tioned additional agents at the same time is preferred. 

Dosage Forms 
[0150] There are several drug delivery systems that are 
suitable for use in delivering gabapentin in the method of the 
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invention as they are particularly tailored to be gastric-reten 
tive dosages, such as the sWellable bilayer described in Us. 
Pat. No. 5,232,704 to Franz et al.; the multilayer tablet With a 
band described in Us. Pat. No. 6,120,803 to Wong et al.; the 
membrane sac and gas generating agent described in Us. Pat. 
No. 4,996,058 to Sinnreich; the sWellable, hydrophilic poly 
mer system described in Us. Pat. No. 5,972,389 to Shell et al. 
and WO 98/5 5107 to Shell et al.; all of Which are incorporated 
herein by reference. 
[0151] Of particular interest are gastric retentive dosage 
forms that contain hydrophilic polymers that sWell to a siZe 
such that the dosage form is retained in the fed mode. For 
example, the gastric retentive dosage form can contain poly 
mers With a high sWelling capacity such as polyethylene 
oxide, hydroxyethylcellulose, and hydroxypropylmethylcel 
lulose. The polymers are preferably of a moderate to high 
molecular Weight (4><103 to greater that 107) to enhance 
sWelling and provide control of the release of gabapentin. In 
one embodiment of the invention, a hydroxypropylmethyl 
cellulose polymer of such molecular Weight is utiliZed so that 
the viscosity of a 1% aqueous solution is about 4000 cps to 
greater than 100,000 cps. An example of suitable polyethyl 
ene oxide polymers are those having molecular Weights (vis 
cosity average) on the order of 2-7 million. A typical dosage 
form should sWell to approximately 115% of its original 
volume Within one hour after administration, and at a later 
time should sWell to a volume that is 130% or more of the 
original volume. Fillers, binders, lubricants and other addi 
tives may also be included in the gastric retentive dosage 
form, such as are Well knoWn to those of skill in the art. 

[0152] The gastric retentive dosage forms of the present 
invention provide for a drug delivery pro?le such that gaba 
pentin, both on an in vivo and in vitro basis, is delivered for at 
least 5 hours and more typically over a time period of about 
8-10 hours. In order to provide for sustained delivery, it is 
preferable that at least 40 Wt % of gabapentin is retained in the 
dosage form after 1 hour, i.e., no more than 60 Wt % of the 
drug is administered in the ?rst hour. In addition, it may be 
desired to utiliZe a dosage form that provides for substantially 
all of the gabapentin to be delivered over the intended dura 
tion, Which is typically about 6-12 hours, Where substantially 
all is taken to mean at least about 85 (generally the art teaches 
that substantially all is 80 Wt %) of the gabapentin is admin 
istered. 

[0153] The gastric retentive gabapentin forms of the 
present invention can be made by techniques that are Well 
established in the art, including Wet granulation, ?uid-bed 
granulation, dry granulation, direct compression, and so 
forth. 

[0154] In one embodiment of the invention, the gabapentin 
dosage forms contain one or more hydrophilic polymers that 
sWell unrestrained dimensionally to a siZe such that the dos 
age form is retained in the fed mode. The polymers are pref 
erably of a moderate to high molecular Weight (4><103 to 
greater that 107) to enhance sWelling and provide control of 
the release of gabapentin. A typical dosage form should sWell 
to approximately 1 15% of its original volume Within one hour 
after administration, and at a later time should sWell to a 
volume that is 130% or more of the original volume. The 
molecular Weight of the polymer may be selected based upon 
viscosity of the polymer in solution. For example, the poly 
mer may be selected such that a 1% aqueous solution has a 
viscosity in a range of 4000 cps (centipoise) to greater than 
100,000 cps. Examples of such polymers include, by Way of 
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illustration and not limitation, polymers With a high sWelling 
capacity such as polyethylene oxide (“PEO”), hydroxyethyl 
cellulose, and hydroxypropylmethylcellulose (“HPMC” also 
knoWn as hypromellose). Examples of suitable PEO poly 
mers are those having molecular Weights (viscosity average) 
on the order of 2-7 million. 

[0155] In another embodiment of the present invention, 
there is provided a gastric retentive sWellable, sustained-re 
lease dosage form having a matrix comprised of PEO and 
HPMC that releases gabapentin to the upper GI tract. The 
dosage form may be a single-layer or a bilayer tablet. Where 
the do sage form is a bilayer tablet, one layer is the active agent 
containing layer that releases the gabapentin While the other 
layer is a sWelling or ?oating layer. Further details on the 
formulation of gastric retentive sWellable, sustained-release 
may be found in commonly oWned U.S. Pat. No. 6,723,340 
Gusler et al., Which is incorporated herein by reference. 
Examples 1, 2, and 3 describe the formulation of gastric 
retentive sWellable gabapentin forms made by dry granula 
tion With PEO and HPMC. 

[0156] A typical dosage form Would provide for a drug 
delivery pro?le such that gabapentin both on an in vivo and in 
vitro basis is delivered for at least 5 hours, and typically over 
a time period of about 8-10 hours. In order to provide for 
sustained delivery, it is preferable that at least 40 Wt % of 
gabapentin is retained in the dosage form after 1 hour, i.e., no 
more than 60 Wt % of the drug is administered in the ?rst hour. 
In addition, it may be desired to utiliZe a dosage form that 
provides for substantially all of the gabapentin to be delivered 
over the intended duration, Which is typically about 6-12 
hours, Where substantially all is taken to mean at least about 
85 (generally the art teaches that substantially all is 80) Wt % 
of the gabapentin is administered. 
[0157] In one embodiment of the invention, the gastric 
retentive dosage form of gabapentin is a capsule dosage form 
that alloWs for the extended release of gabapentin in the 
stomach and comprises: (a) at least one component that 
expands on contact With gastric juice and contains an agent 
capable of releasing carbon dioxide or nitrogen, and gabap 
entin or a pharmaceutically acceptable salt thereof; (b) at least 
one hydrophilic membrane in the form of a sachet Which 
contains component (a), expands by in?ation, ?oats on the 
aqueous phase in the stomach and is permeable to gastric 
juice and; (c) capsule dosage form Which contains compo 
nents (a) and (b) and Which disintegrates Without delay in the 
stomach under the action of gastric juice. Component (a) may 
also contain a pharmaceutically acceptable hydrophilic 
sWelling agent such as loWer alkyl ethers of cellulose, 
starches, Water-soluble aliphatic or cyclic poly-N-vinyla 
mides, polyvinyl alcohols, polyacrylates, polymethacrylates, 
polyethylene glycols and mixtures thereof, as Well as other 
materials used in the manufacture of pharmaceutical dosage 
forms. Further details regarding an example of this type of 
dosage form can be found in Us. Pat. No. 4,996,058 to 
Sinnreich. 

[0158] In another embodiment of the invention, the gastric 
retentive dosage form of gabapentin is an extended release 
oral drug dosage form for releasing gabapentin into the stom 
ach, duodenum and small intestine of a patient, and com 
prises: a single or a plurality of solid particles consisting of 
gabapentin or a pharmaceutically acceptable salt thereof dis 
persed Within a polymer that (i) sWells unrestrained dimen 
sionally by imbibing Water from gastric ?uid to increase the 
siZe of the particles to promote gastric retention in the stom 
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ach of the patient in Which the fed mode has been induced; (ii) 
gradually the gabapentin diffuses or the polymer erodes over 
a time period of hours, Where the diffusion or erosion com 
mences upon contact With the gastric ?uid; and (iii) releases 
gabapentin to the stomach, duodenum and small intestine of 
the patient, as a result of the diffusion or polymeric erosion at 
a rate corresponding to the time period. Exemplary polymers 
include polyethylene oxides, alkyl substituted cellulose 
materials and combinations thereof, for example, high 
molecular Weight polyethylene oxides and high molecular 
Weight or viscosity hydroxypropylmethylcellulose materials. 
Further details regarding an example of this type of dosage 
form can be found in US. Pat. No. 5,972,389 to Shell et al. 
and WO 9855107 to Shell et al. 

[0159] In yet another embodiment, a bi-layer tablet releases 
gabapentin to the upper GI tract from an active containing 
layer, While the other layer is a sWelling or ?oating layer. 
Details of this dosage may be found in US. Pat. No. 5,232, 
704 to Franz et al. This dosage form may be surrounded by a 
band of insoluble material as described in US. Pat. No. 6,120, 
803 to Wong et al. 

[0160] Another embodiment of the invention uses a gastric 
retentive sWellable, sustained-release tablet having a matrix 
comprised of poly(ethylene oxide) and hydroxypropylmeth 
ylcellulose. This dosage form is illustrated in Example 1 and 
further details may be found in US. Patent Application Pub 
lication No. 20030104053 to Gusler et al. 

[0161] In a further embodiment of the present invention, 
there is provided a dosage form that is formulated to have a 
large enough siZe so as to provide for prolonged transit in the 
upper GI tract. Such tablets Would contain at least 800 mg of 
gabapentin, typically 800-1200 mg. Materials and techniques 
useful for manufacturing these large-siZed dosage forms are 
described in REMINGTON; THE SCIENCE AND PRACTICE OF 
PHARMACY, 20th edition (Lippincott Williams & Wilkins, 
2000) and Ansel et al., PHARMACEUTICAL DosAGE FoRMs 
AND DRUG DELIVERY SYsTEMs, 6”’ Ed. (Media, PA: Williams 
& Wilkins, 1995). It is preferred that these large siZe dosage 
forms are either coated With a membrane or equipped With an 
osmotic pump system. Suitable membranes include polymer 
coatings, such as cellulose, cellulose acetate, cellulose 
acetate butyrate, and ethyl cellulose. Osmotic pumps are 
described in US. Pat. No. 3,845,770 to TheeuWes et al. and 
US. Pat. No. 3,977,404 to TheeuWes. 
[0162] Numerous materials useful for manufacturing these 
large-siZed dosage forms are described in Remington: The 
Science and Practice of Pharmacy, 20”’ edition (Lippincott 
Williams & Wilkins, 2000) and Ansel et al., Pharmaceutical 
Dosage Forms and Drug Delivery, 6”’ Ed. (Media, PA: Wil 
liams & Wilkins, 1995). Along With gabapentin, the core may 
contain pharmaceutically acceptable additives or excipients 
to facilitate manufacturing. These include binders (e.g., ethyl 
cellulose, gelatin, gums, polyethylene glycol, polyvinylpyr 
rolidone, polyvinylalcohol, starch, sugars, Waxes), coloring 
agents, diluents (e.g., calcium sulfate, cellulose, dicalcium 
phosphate, kaolin, lactose, mannitol, microcrystalline cellu 
lose, sodium chloride, sorbitol, starch, sucrose), ?avoring 
agents, glidants (e.g., colloidal silicon dioxide, talc), and 
lubricants (e.g., calcium stearate, glyceryl behenate, hydro 
genated vegetable oils, magnesium stearate, polyethylene 
glycol, sodium stearyl fumarate, stearic acid, stearyl behen 
ate, talc). The core may also contain pharmaceutically accept 
able additives or excipients that serve to provide desirable 
physical characteristics to the dosage form. These include 
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sWeeteners, polymers, Waxes, and solubility-retarding mate 
rials. These dosage forrns can be made by techniques that are 
Well established in the art, including Wet granulation ?uid 
bed granulation, dry granulation, direct compression, and so 
forth. 
[0163] In another embodiment of the present invention, 
there is provided a ?lm coated dosage form or a capsule 
dosage form that alloWs for the controlled, sustained, and/or 
extended release of gabapentin in the stomach. In this 
embodiment, the dosage form may have a drug-containing 
core surrounded by a controlled release ?lm coating that 
provides for controlled, sustained, or extended drug release, 
i.e., continuous diffusion of drug from the core into the upper 
GI tract. 

[0164] In certain embodiments, the dosage form may have 
a drug-containing core surrounded by a sWellable coating. 
See also, US patent application 20030104062, published Jun. 
5, 2003 (application Ser. No. 10/213,823) as one potential 
embodiment of a similar concept. 
[0165] The controlled release ?lm coating can also be 
applied by techniques that are Well established in the art, for 
example, by dissolving the material in an appropriate solvent 
such as acetone or methylene chloride and is then applying 
the coating to the dosage form core by molding, air spraying, 
dipping or brushing a solvent-based solution of the material 
onto the core. Materials suitable for use in controlled release 
?lm coatings include by Way of illustration, and not limita 
tion, mixtures of Waxes such as beesWax and camuba Wax, 
shellac, and Zein, celluloses such as ethyl cellulose, acrylic 
resins, cellulose acetates including diacetates and triacetates 
and other cellulose esters, and silicone elastomers.Additional 
examples are set forth beloW. 
[0166] Of particular interest are controlled release ?lm 
coating materials that can form a semipermeable membrane 
or coating, Which can be porous or non-porous, and Which are 
permeable to external ?uid, and substantially impermeable to 
the unsolubiliZed drug contained Within the core. Typically, 
external ?uids are aqueous ?uids or biological ?uids in the 
environment of use, such as the upper GI tract. External ?uid 
passes through the semipermeable membrane into the core, 
Where it solubiliZes the drug. The solubiliZed drug then moves 
from the core through the membrane into the GI tract. 
[0167] After application of the controlled release ?lm coat 
ing to the core, a drying step is required and then a suitable 
exit means for the gabapentin must be formed through the 
semipermeable membrane. Depending on the properties of 
the gabapentin and other ingredients Within the internal com 
partment and the desired release rate for the dosage form, one 
or more ori?ces for gabapentin delivery can be formed 
through the membrane by mechanical drilling, laser drilling, 
or the like. The ori?ce(s) may range in siZe from a single large 
ori?ce containing substantially an entire surface of the dosage 
form to one or more small ori?ces selectively located on the 
surface of the semipermeable membrane. One speci?c 
embodiment of a semipermeable membrane-coated core is 
the elementary osmotic pump. The membrane is provided 
With one or more delivery ori?ces, e. g., pierced With a laser to 
create one or more delivery ori?ces. Fluid passing through the 
membrane into the core generates an osmotic pressure that 
serves to “pump” the solubiliZed drug through the delivery 
ori?ce(s). See, e.g., US. Pat. No. 3,845,770 to TheeuWes et 
al. and US. Pat. No. 3,977,404 to TheeuWes. 
[0168] The materials used in forming the semipermeable 
membrane can be substantially insoluble in the external ?uid 




























