Neurontin-
(Gabapentin Capsules)

DESCRIPTION

Newontin® (gabapentin capsules) s s;?)plied as imprinted hard shell capsules con-
taining 100 mg, 300 mg. and 400 mg of g in. The inaclive ingredients are lac-
lose, comstarch, and talc. The 100-mg capsule shell contains gelatin and ttaniom
dioxide. The 300-mg capsule shell contains (];eldin, tianium dioxide, and yeliow iron
oxide. The 400-mg capsule shell contains gelatin, red iron oxide, ttanium dioxide, and
yellow iron oxide. The imprinting ik contains FO&C Blue No. 2 and titanium dioxide.

Gabapentin is described as 1-(aminomethyl)cyclohexaneacetic acid with an empirical
formula of CgH, ;NO, and a molecutar weight of 171.24. The molecular strudure of

gabapentin is:
CH,NH,

CH,CO,H

Gabapentin is a while to off-white crystalline solid. It is freely sokuble in water and
both basic and acidic aqueous solutions.

CLINICAL PHARMACOLOGY
Mechanism of Aclion

The mechanism by which gabapentin exerts ts anticonvulsant action is unknown, but
n animal test systems designed to detect anticonvulsant adtiviy, gabapentin prevents
seizures as do olhes marketed anticonvulsants. Gabapentin exhiis antiseizure activity
n mice and rats in both the maximal electroshock and pentylenetetrazole seizure mod-
els and other preclinical modets (e.g.. strans with genelic epilepsy, etc.). The rele-
vance of these models to human epilepsy is not known.

Gabapentin is strudurally related to the neurotransmitter GABA (gamma-aminobutyric
acid) but 2 does not interact with GABA receptors, it is not converted metabolically
nto GABA or a GABA agonist, and i is not an inhibitor of GABA uptake or degradation.
Gabapentin was tested in radioligand binding assays at concentralions up to 100 £M
and did not exhibit affinity for a number of other common receptor sites, ncluding
benzodiazepne, glutamate, N-methyl-D-aspartate (NMDA). quisqualate, kainate,
strychnine-insensitive of strychnine-sensitive glycine, alpha 1. alpha 2, or beta adren-
ergic, adenosine A1 or A2, cholinergic muscarnic or nicotinic, dopamine D1 or D2,
histamine H1, serolonin S1 or S2, opiale mu, dela or kappa, volage-sensitive calcium
dhannel sites labeled with nirendipine o diltiazem, or at vollage sensitive sodium
dhannel sites with batracholoxinin A 20-alpha-benzoate.

Several test systems ordinarily used (o assess aclivl?l al the NMDA receplor have
been examined. Results are contradictory. Accordingly. no general statement about the
effects, if any. of gabapentin at the NMDA receptor can be made.

In vtro studies with radiolabeled gabapentin have revealed a gabapentin binding site n
areas of ral bran ncluding neocortex and hippocampus. The identity and function of
this binding site remain Lo be eliadated.

Pharmacokinetics and Drug Metabolism

All pharmacological actions following gabapentin administration are due Lo the activity
of the parent compound; gabapentin is not appreciably metabolized in humans.

Oral Bioavailability: Gabapentin bioavailability is not dose proportional; i.e., as dose is
ncreased, bioavailability decreases. A 400-myg dose, for example, is about 25% less
bioavailable than a 100-mg dose. Over the reconrended dose range of 300 to 600
mg T.1.0., however, the differences in bioavailabilty are not farge, and bioavailabifiy is
about 60 percent. Food has no effect on the rate and extent of absorption of
gabapentn.

Dislribution: Gabapentin circulates largely unbound (<3%) to plasma protein. The
apparent volume of distribution of gabapentin after 150 mg intravenous administration
is 5846 L (Mean +SD). In patients with epilepsy. steady-state predose (Cmin) concen-
trations of gabapentin n cerebrospinal fluid were approximately 20% of the corve-
sponding plasma concentrations. R,
Elimination: Gabapentin is eliminated from the systernic circulation by renal excretion
as unchanged drug. GabaMM'b not appreciably metabolized n humans.
Gabapentin elmination half-life is 5 to 7 hours and is unattered by dose or following
multiple dosing. Gabapentin elimination rate constant, plasma clearance, and renaf
dearance are diredly pxoportional to creatinine clea ance (see Special Populations:
Patients With Renal Insufliciency, below). tn elderly patients, and in patients with
impaired renal function, gabapentin pla.ma dearance & reduced. Gabapentin can be
remmoved from plasma by hemmodiatysis.

Bosage adjustment in patients with compromised renal function or undergoin
hemodialysis is recommended (see DOSAGE AND ADMINISTRATION, Table 2?

Special Populations: Patients Wih Renal Insufficiency: Subjedts (N = 60) with renal
nsufficiency (mean arealnine clearance rang‘n? from 13- 114 mU/min) were adminis-
tered single 400-mg oral doses of g m. The mean gabapentin half-life ranged
from about 6.5 hours (patients with creatinine clearance >60 ml/min) to 52 hours
(creatinine clearance <30 mUmin) and gabapentin renal clearance from about 90
mUmin (>60 mb/min group) to abouwt 10 mUmiin (<30 mUiniin). Mean plasina ciear-
ance {CL/F) decreased from approximately 190 mUmin to 20 mUmin.
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Dosaée adjuslmen( in pa(ienl; ;/vith comp'fomised renal function & necessary (see
DOSAGE AND ADMINISTRATION).

Hemodialysis: In a study in anuric subjects (N =11), the apparent elimination hal- ife
of"a'baga!n on nm%?a%ysis days was about 132 hours; dialysis three times a week

(4 hours duration) lowered the apparent hal-ife of gabapentin by about 60%, from
132 hours to 51 hours. Hemodialyss thus has a significant effect on gabapentin elimi-
nation in anuric subjects.

Dosage adjustment in patients undergoing hemodialysis is necessary (see DOSAGE
AND AWI‘NISIRATIO .

Hepatic Disease: Because gabapentin is nol metabolized, no study was perforrmed in
patients with hepatic imparment.

Age: The effedt of age was studied in subjeds 20-80 years of age. Apparent oral clear-
ance (CUF) of gabapentin decreased as age 'nuea§ed, from about 225 mUmn n
those under 30 years of age to about 125 mlL/min in those over 70 years of age. Renal
dearance (CLr) and CLr adjusted for body suface area also declined with age; howev-
&, the decline in the renal clearance of gabapentin with age can largely be explaned by
the dediine in renal function. Redudtion of gabapentin dose mCaK be required in patients
who have age related compromised renal function. (See PRECAUTIONS, Geriatric Use,
and DOSAGE AND ADMINISTRATION )

Pediatric: No pharmacokinetic data are available in pediatric patients below the age of
18 years.

Gender: Athough no formal study has been conducted to compare the pharmacoki-
netics of gabapentin in men and women, it appears that the pharmacoknetic parame-
ters for males and females are similar and there are no significant gender differences.
Race: Pharmacokinetic differences due to race have not been studied. Because )
gabapentin is primarily renally excreted and there are no important racial differences in
aeatinine clearance, pharmacokinetic differences due Lo race are nol expected.

Clinical Studies

The effectiveness of Neurontin ® as adjunctive therapy (added to other antiepileptic
drugs) was established in three multicenter placebo-controlled, double-blind, paraliel-
group clinical trials in 705 aduks with refractory partial seizwres. The patiests envolled
had a istory of al least 4 partial seizres per month in spie of reaeivinione of more
antiepileplic drugs a therapeutic levels and were observed on their estblished
antiepileptic drug regimen during a 12-week baseline period. In patients contnuing lo
have al least 2 (or 4 in some studies) seizures per month, Neurontin® or placebo was
then added on to the existing therapy during a 12-week treatment period. Effedtiveness
was assessed prinarily on the basis of the percent of patients with a 50% or Qrealer
reduction in seizure frequency from baseline to reament (the “responder rate”) and a
derived measure called response ralio, a measure of change defined as (T - BY(T + 8},
where B is the palient’s baseline seizre frequency and T is the patient’s seinsre fre-
quency during trealment. Response ratio is distributed within the fange-1to«1. A
zero value ndicates no change while complete elinination of seizures would give a
value of -1; increased seizure rates would give postive values. A response ratio of
-0.33 corresponds to a 50% reduction in seizure frequency. The results given below
are for all partial seizures in the intent-to-treat (all palients who received any doses of
treatment) population in each study, unless otherwise indicated. ‘

One study compared Neurontin ® 1200 mg/day 1.1.0. wih placebo. Responder rate
was 23% (14/61) in the Neurontin® group and 9% {6/66) in the placebo group; the
difference between groups was statistically significant. Response ratio was also better
n the Neurontin® group (-0.199) than in the placebo group (-0.044). a difference that
also achieved statistical significance.

A second study compared primarily 1200 mg/day 110 Neurontin® (N =101) with
placebo (N - 93). Addiional smalles Neurontin ® dosage groups (600 mg/day, N = 53;
1800 mglday, N = 54) were also studied for information regarding dose response.
Responder rate was higher in the Neurontin ® 1200 wry/day group (16%) than in the
placebo group (8%), but the difference was not statistically significant. The responder
rate al 600 mg (17%) was also not significantly higher than in the placebo, but the
responder rate in the 1300 mg group (26%) was statistically significantly superior to
the placebo rate. Response ratio was better in the Neurontn ® 1200 mg/day group
(-0.103) than in the placebo group {-0.022); but this difference was also nol statistical-
by significant (p = 0.224). A belter response was seen in the Neurontin ® 600 mg/day
group (-0.105) and 1800 myg/day group (-0.222) than in the 1200 mg/day group, with
the 1800 mg/day group achieving statistical significance compared to the plac

group.

A third study compared Neurontin® 900 mg/day T..0. (N =111) and placebo (N =109).
An additional Neurontin ® 1200 m{glday dosage group (N = 52) provided dose-
response data. A statistically significant difference in responder rate was seen in the
Neurontin® 900 mg/day group (22%) compared to thal n the placebo group (10%).
Response ratio was also statitically significantly superior in the Neurontin® 900
mg/day group (-0.119) compared (o that in the placebo group (-0.027), as was
fesponse ratio n 1200 mg/day Neurontin® (-0.184) compared to placebo.
Analyses were also performed in each study lo examine the effect of Neurontin® on
preventing secondarity generalized tonic-clonic seiawres. Patients who experienced a
secondarily generalized tonic-clonic seiaure in either the baseline or in the treatment
period in all three placebo-controlled studies wese nciuded in these analyses. There
were several response ratio comparisons that showed a statistically signtficant advan-
tage for Neurontin® compared to placebo and favor able ends for almost afl
comparsoas.
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Analysis of responder rate using combined data from all three studies and all doses
(N =162, Neurontin®; N - 89, placebo) also showed a significant advantage for
Neurontin® over placebo in reducing the frequency of secondarily gener:ﬂ:ed tonic-
clonic seizures.

In two of the three contralled studies, more than one dose of Newrontin ® was used.
Within each study the resuks did not show a consistently increased response to dose.
However, looking across studies, a trend toward nareasing efficacy with increasing
dose is evident (see Figure 1).

22
17— |
b a MSIUoY a
8 m]
g 12 c EsTuoY b
B u
5 g_| 2 | | Os1uoY ¢
a
7]
] ] ] T
600 900 1200 1800

daily dose (mg)

FIGURE 1. Responder Rate in Patients Receiving Neurontin® Expressed as a
Difference from Placebo by Dose and Study

In the figure, treatment effect magnitude, measured on the Y axis in terms of the differ-
ence n the propartion of gabapentin and placebo assigned patients altaining a 50% or
greater reduction i seinxe frequency from baseline, & plotted against the daily dose of
gabapentin administered (X axis).

Athough no formal analysis by gender has been performed, estimates of response
(Response Ratio) derived from clinical trials (393 men, 307 wormen) indicate no mpor-
Lant gender differences exist. There was no consistent pallem indicating that age had
any effed on the response to Neurontin®. There were nsufficient numbers of patients
of races other than Caucasian Lo permit a comparison of efficacy among racial groups.

INDICATIONS AND USAGE

Neurontin® (gabapenti) is indicated as adjunctive therapy n the treatment of partial
seiures with and without secondary generalization n aduls with epilepsy

CONTRAINDICATIONS

Neurontin® is contraindicated in patients who have demonstrated hyper sensivily
to the drug or its ingredients.

WARNINGS
Withdrawal Precipitated Seizure, Stalus Epilepticus

Antieptleptic drugs should not be abruptly discontinued because of the possbiliy of
increasng seizure lrequency.

In the placebo-controlied studies, the incidence of status epilepticus in patients
receiving Neurontin® was 0.6% (3 of 543) versus 0 5% in patients receiving placebo
(2 of 378). Among the 2074 patients treated with Neurontin ® across all studies
(controlled and uncontrolled) 31(1.5%) had status epilepticus. Of these, 14 patients
had no prior history of status epilepticus either before treatment or while on other
medications. Because adequate hislorical data are not available. it is impossible to
say whether or not treatment with Neurontin ® is associated with a higher or lower
rate of status epilepticus than would be expected to occur in a similar population not
treated with Neurontin®.

Tumorigenic Potential

In standard predinical in vivo lifetime carcinogeniciy studies, an unexpectedly high
incidence of pancreatic acinar adenocarcinomas was identified in male, but not female,
fats. (See PRECAUTIONS: Carcinogenesis, Mutagenesis, Impairment of Fertility.) The
clnical significance of this finding is unknown. Clinical experience during gabapentin’s
premarketing development provides no direct means to assess its potential for induc-
ng tumors in hurmans. .

In clinical studies comprising 2085 palient-years of exposure, new lumaors were report-
ed in 10 patients (2 breasL 3 brain. 2 ung. 1 adrenal, 1 non-Hodgkn's lymphoma,

1 endornelsial carcinoma i sku). and preexisting lumors worsened in 11 patients

(9 bran, 1 breast, 1 prostae) dufing or up to 2 years following discontinuation of
Neurontin®. Without knowledge of the backgrotnd incidence and recurrence in a simi-
lar population pot treated with Neurontin®, i is impossible to know whether the inci-
dence seen in this cohort is of is not alflected by treatment.

Sudden and Unexplained Deaths

During the course of premarketing development of Neurontin®, 8 sudden and unex-
planed deaths were recorded among a cohort of 2203 patients lreated {2103 patient-
years of exposure).
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Some of these could represent seizure-related deaths in which the seizure was not

observed, e.g., at night. This represents an ncidence of 0.0038 deaths per patient-year. NDA 20- -
Alliough this rate exceeds thal expected in a healthy popufation matched for age and A 20 235/ S-0 1 1
sex, i & within the range of estimates for the incidence of sudden unexplained deaths pproval Draft Labe| ing

in patients with epilepsy not receiving Neurontin ® (ranging from 0.0005 for the general

tation of epileptics, to 0.003 for a dinical trial fation similat to that n the
eurontin® program, to 0.005 for patients with refractory epilepsy). Consequently,

whether these figures are reassuring or raise further concemn depends on comparability

of the poputations reported upon to the Neurontin® cohort and the accuracy of the

eslimates provided.

PRECAUTIONS

Information for Patients

Patients should be instructed to take Newrontin® only as prescribed.

Patients should be advised thal Neurontin® may cause dizziness, somnolence and

other symptoms and signs of CNS depression. Accordingly, they should be advised

neither to drive a car nor Lo operate other complex machinery unti they have gained

sufficient experience on Neurontin ® to gauge whether or nol # affedts their mental

and/or motor performance adversely.

Laboratory Tests

Clinical trials data do not indicate that routine monitoring of clinical laboratory para-
melers is necessary for the safe use of Neurontin®. The value of monitoring
Neurortin® blood concentrations has not been established. Neurontin ® may be used
in combination with other antiepileptic drugs without concern for ateration of the
blood concentrations of gabapentn or of other antiepileplic dugs.

Drug Interactions

Gabapentin is not appreciably metabolized nor does it interfere with the metabolism of
commonly coadministered antiepileptic drugs.

The drug interadion data described in this seclion were oblained from studies involving
healthy aduls and patients with epilepsy.

Phesytoin: in a single and multple dose study of Neurontn® (400 mg T1.0) in
epileptic patients (N = 8) maintained on phenytoin monotherapy for at least 2 months,
gabapentin had no effect on the steady-state trough plasma concentrations of
phenytoin and phenytoin had no effect on gabapentin pharmacokinetics.

Carbamazepine: Steady-stale trough plasma carbamazepine and carbamazepine 10,
11 epoxide concentr ations were nol alfected by concomitant gabapentin (400 mg
T1.D.: N =12) administration. Likewise, gabapentin pharmacokinetics were unalter ed
by carbamazepne administration.

Valproic Acid: The mean steady-state rough serum valproic acid concentrations
prior to and during concomitant gabapentin administration (400 mg 1.1.0.; N =17)
were not different and neither were gabapentin pharmacokinetic parameters aflected
by valproic acid.

Phenobarbital: Estimates of steady-state pharmacokinetic parameter's for phenobarbial
or gabapentin (300 mg T.LD; N =12) are identical whether the drugs are administered
alone or together.

Cimetidine: [n the presence of cimetidine at 300 mg Q.1.0. (N =12) the mean apparent
oral clearance of gabapentin fell by 14% and creatinne clea ance fell by 10%. Thus
cimetidine appeared (o alter the renal excretion of both gabapentn and aeatinine, an
endogenous marker of renal function. This small decrease in excretion of gabapentin by
cimetidine is not expected to be of clinical importance. The effect of gabapentin on
cimetidine was not evaluated.

Oral Contraceptive: Based on AUC and hall-life. multiple-dose phatmacokinetic profiles
of norethindrone and ethinyl estradiol followng administration of Lablets containing

2.5 mg ol norethindrone acetale and 50 meg of ethinyl estradiol were sumilar with and
without coadmunistration of gabapentin (400 mg T1.0.; N =13). The Cmax of norethin-
drone was 13% higher when it was coadministered with gabapentin; thus nte action is
nol expected to be of cinical importance.

Antacid (Maalox®): Maalox reduced the bioavailability of gabapentin (N -16) by about
20% Thes decrease in bioavailabilty was about §% when gabapentin was adminstered
2 hours after Maalox. 1L is recommended thal gabapentin be taken at least 2 hours fol-
lowing Maalox administration.

Effect of Probenecid: Probenecid is a blocker of renal tubular secretion. Gabapentin
pharmacokinetic pararmeters without and with probenecid were comparable. This indi-
cales that gabapentin does not undergo renal tubular secretion by the pathway that i
blocked by probenecid.

Drug/Laboratory Tests Interactions

Because fakse positive readings were reported with the Ames N-Multistix SG® dipstick
test for urnary protein when gabapentin was added 1o other antiepileptic diugs, the
more spedific sulfosalicylic aad preciptation procedure s recommended to determine
the presence of urine protein.
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Carcinogenesis, Mutagenesis, Impairment of Fertility

Gabapentin was 3iven 1 the diet to mice at 200, 600, and 2000 m?Ikglday and lorals
al 250, 1000, and 2000 mg/kg/day for 2 years. A statistically significant increase in the
incidence of pancreatic acinar cell adenomas and carcinomas was found in male rats
receiving the high dose; the no-elfect doSe for the occurrence of carcinomas was 1000
mg/kg/day. Peak plasma concentrations of gabapentin in rats receiving the high dose of
2000 mg/kg were 10 times higher than plasma concentrations in humans receiving
3600 mg per day, and in rats receiving 1000 mg/kg/day peak plasma concenkrations
were 6.5 limes higher than in humans receiving 3600 mg/day. The panarealic acnar cell
carcinomas did not affect survival did not metastasize and were not locally invasive.
Studies Lo altempt Lo defne a mechanism by which this relatively rare tumor type &
occurTing are in progress. The relevance of this finding to carcinogenic risk in ans
is unclear.

Gabapentin did nol demonstrate mula&enic or genotoxic potential in three i vitro and
two i vivo assays. It was negative in the Ames test and the i vitro HGPRT forward
mutation assay i Chinese hamster ung cells; # did not produce significant nareases in
chromosomal aberrations i the i7 vitro Chinese hamster kung cell assay; & was nega-
tive in the in vivo chromosomal aberration assay and in the in vivo micronucleus test in
Chinese hamster bone marrow.

No adverse effects on fertility or reproduction were observed in rats at doses up to
2000 mg/kg (approximalely S times the maximum recommended human dose on an
mg/m? basis}.

Pregnancy

Pregnancy Calegory C: Gabapentin has been shown to be fetoloxic in rodents, causing
delayed ossification of several bones in the skull, vertebrae, forelimbs, and hindlimbs.
These effects occurred when pregnant mice received oral doses of 1000 or 3000
mg/kg/day during the period of organogenesis, o approximately 1 to 4 times the maxi-
mum dose of 3600 mg/day given 1o epileptic palients on a mg/m? basis. The no-eflect
level was 500 mg/kg/day or approximately % of the human dose on a mg/m? basis.

When rats were dosed prior to and during mating, and throughout gestation, pups from
all dose groups (500, 1000 and 2000 mg/kglday();wefe affected. These doses are equiv-
alent Lo less than approximately 1 to § tmes the maximum human dose on a mg/m?
basis. There was an increased incidence of hydroureter and/or hydronephrosis in rats in
3 study of fertility and general reproductive performance a 2000 mg/kg/day with no
effect & 1000 mg/kg/day. in a teratology study at 1500 mg/kg/day with no effect at 300
mg/kg/day, and in a perinatal and postnatal study at all doses studied (500, 1000 and
2000 mg/kg/day). The doses at which the effects ocaurred are approximately 1o
times the maximum human dose of 3600 mg/day on a mg/m? basis; the no-effect
doses were approximately 3 times (Fertility and General Reproductive Performance
study) and approximately equal to (Teratogenicty sludy) the maximum human dose on
amg/m? basis. Other than hydroureter and hydronephrosis, the eliologies of which are
unciear, the incidence of malformations was not naeased compared to controls in off-
spring of mice. rats. of rabbits given doses up to 50 times (mice). 30 times (rats). and
25 times {rabbts) the humnan daily dose on a mg/kg basis, or 4 times (mice), 5 times
{rals), or 8 times (rabbits) the human daily dose on a mg/m? basis,

In a teratology study n rabbits, an increased inadence of postimplantation fetal loss
occurred in dams exposed to 60, 300 and 1500 mg/kg/day, or less than approximalely
% to 8 limes the maximum human dose on a mg/m? basis. There are no adequate and
well-controlled studies in pregnant women. Because animal reproduction studies are
not always predictive of human response, this drug should be used during pregnancy
only if the potental benefit ustifies the potental! risk to the fetus

Use in Nursing Mothers

It is nol known 1f gabapentn is excreted in human mitk and the effect on the nursing
infant is unknown. However, because many drugs are excreted i human milk,
Neurontin® shoukd be used in women who are nursng only if the benefits clearly out-
weigh the risks

Pediatric Use

Salety and effectiveness in pediatric patients below the age of 12 years have nol been
establshed.

Geriatric Use

No systemalic studies in gerlric patients have been conducled. Adverse clinical events
reported among 59 Neurontin ® exposed palients over age 65 did not differ in kind
fiom those reported for younger individuals. The small number of older individuals
evaluated, however, Imits the strength of any conclusions reachied about the influence,
il any, of age on the kind and incidence of adverse events of laboratory abnormality
assodiated with the use of Neuroatin ®. :

Because Neurontn @ is eliminated primarily by renal-excretion,the dose of Neurontin ® -
should be adjusted as noted in DOSAGE AND ADMINISTRATION (Table 2) for elderty
patients with compromised renal function. Creatinine clearance is difficult to measure in
outpatients and serur creatinine may be reduced in the elderty because of decreased
muscle mass. Creatinine clearance (C,) can be reasonably well estimated using the
equation ol Cockcroft and Gault:
for famales Cy, = (0.85)(140-age)(wi)/{(72)(Sc)]
for males  C, = (140-age){+A)/[{72)(S¢)]
where age i in years, v is n kilograms and S, & serum creatnne in mg/dL.
ADVERSE REACTIONS

The most commonly observed adverse events associaled with the use of Neurontin® in
combnation with other antiepileptic drugs, not seen at an equivalent frequency among
placebo-treated patients, were somnolence, dizzness, alaxia, fatigue, and nystagmus.

A,)proxirnale?y 1% of the 2074 ndwiduals who received Newrontin® i premarketing
clinical trials discontnued treatment because of an adverse event. The adverse evenls
most commonly associated with withdrawal were somnolence (1.2%). ataxia (0.8%),
fatigue (0.6%). nausea and/or vomiting (0.6%). and dizziness (0.6%).






