Indication: - 'Antleplleptlcf,ﬁ‘iif

Carbamazepine (CBZ) is an annconvulsant and specrﬁc ana]gesrc for tngermna] R
neuralgia, available for oral adrmmstratlon Carbamazepme isa whrte powder practrcally
insoluble in water and soluble in alcoho] and in-acetone. Its molecular wexght is 236 “The -
pharmacokinetics of CBZ (unmedxate release) and CBZE is summarized below:. -

Peak plasma levels of carbamazepme are variable and may range from 0.5-25
Hg/mL, with peak plasma levels reaching between 4 to 8 hours (peak plasma levels may -
occur as late as 24 to 26 hours). - Usual adult therapeutic levels are between 4 and 12
pg/mL. The apparent volume of distribution is 1.4 + 0.4 Ikg. Carbamazepine is 75%
bound to plasma proteins. Carbamazepine is metabolized in the liver. After oral |
administration of '*C~carbamazepine, 72% of the administered radioactivity was found in
the urine and 28% in the feces. This urinary radioactivity was composed largely of
hydroxylated and conjugated merapolites, thh errly 3% of uncha_nged carbamazepine.
Since carbamazepine indlrces its own rnetabolism, the half-life is also vari‘able. Irritial half-
life values following a single dose range from 18-55 lrours and 5-26 hours on repeated
dosing. The apparent oral clearanoe followmg a smgle dose ranged from 13-25 mL/min and \
30-600 mL/min followmg multlple dosmg

One of the major metabohtes of CBZ is CBZ-10-1 1-epox1de (CBZE). CBZE has an

anticonvulsant activity comparable with that of the parent compound in animal models of
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administration of CBZE than the half hfe of CBZE followmg adrmmstratlon;of CBZ R
Pharmavene, Inc has developed a'multl-umt sustamed—release fonnulatxon of

carbamazepine (CARBATROL, CBZ-SR) desxgned to enable twice da11y admmlstlatlon in - -

patients with epilepsy. The multl-umt s’ composed of a three pellet formulatlon of

carbamazepme with each pellet bemg combmed in spec1ﬁc ratios thhm one capsule The

three types of pellets cons1st of 1mmedlate-release- sustamed-release and entenc—release

pellets , with each capsule conta1n1ng many pellets of each type. In this 505 (b) 2) -

application, Pharmavene is seeking approval to market both 200 mg and 300 mg capsules

based upon bioequivalency studies. The reference product is approved :lmmediate release

Tegretol tablet (NDA 16-608), which the Sponsor is using to provide evidence for the

efficacy and safety of CBZ. However, Pharmavene has undertaken 3 clinical trials (one .

controlled efficacy trial, n = 100 patients) and 2 uncontrolled safety trial (n= 150 patients) to

support the use of CARBATROL.
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Study #lMultlDoseEva]uathmof Pharmacokinetics and Safefy of go< " ™ |+ e R e
Multi-Unit Dose of Carbamazepine In Epileptic Patients @II0L103) -« . 20 = e
Study #2. A Food Effect Bioavailability Study of CARBATROL = o
(PI 101.108) e . e A
Study #3. A Dose Proportionality Study of CARBATROL (PI 101.109) 46 ™~~~ =~
Study #4. A Thrge Formulation Comparison Study of CARBATROL - - ” IR :
(PI 101.112) . e e e e e e . 56

Study #5. A Dose Equivalency Study of CARBATROL (PI 101.110) . 61

Study #6. A Bioavailability Study of Two Batches of CARBATROL

(PI 101.107) . . . . . . . . 68

Miscelleneous Studies:

1. Dissolution . . . . . . . . . 71
2. Analytical Method . . ‘e . . . . . 75-
3. Dosage Forms . . . . . . . . 77
4. Sponsor's Labelling . . . . . . . 83
5. In-Vitro/In-Vivo Correlation . .. . . 95
6. List of Submitted Studies . . . . . .- . 116 -

The total number of pharmacokinetic studies submitted in this NDA were 11, of
which 6 were reviewed. The 5 studies (not reviewed) were non-pivotal or exploratory
pharmacokinetic studies undertaken early in the program to develop each pellet formulation. -
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re]ease product (CBZ-SR;blo oralpha batch) w1th Tegretol]R(smdy #l Protoool PI i I .

101. 103) -Twenty four patlents w1th 8p11epsy ©- of the ‘patlents ﬂvere on a ﬁxcd dose Of&e T

phenytoin, phenoba.rbxtal, clorazepate pmmdone or valptolc acnd) reocxved a daﬂy dosc of S g *'@‘:;-_;e- ;
800 (n =9), 1200 (n =9) or 1600 (n '-6) mg CBZ-SR or Tegretol IR forJ4 days “Tegretol - |
IR was given every 6 hours and CBZ-SR was given every 12 hours. On day 14, subjects

were given a high fat meal (FDA recommended) 30 minutes before the administration of -

both dosage forms (this was the only high fat meal given to the patients during the whole

study period, otherwise patients remained on controlled regular diet). The 90% confidence
interval was applied on log transformed data on the AUC, Cmax, Cmin, Caverage»and
Fluctuation Index (FT) without dose normalization of these parameters (details can be found
in study #1). Mean values for AUC, Cmax, Cmin, and Cave for CBZ, CBZE and CBZ
plus CBZE following administration-of CBZ-SR and Tegretol were within the
recommended 0.80-1.25 limits of bioequivalence. The Fluctuation Index (FI) for CBZ-SR
appeared to be slightly higher (0.33 vs 0.28) as compared to Tegretol. -However, this -
difference was not statistically significant (P = 0.066). The FI for CBZE and CBZ+CBZE
was also not statistically different between CBZ-SR and Togretol (P=0.965,0.164,
respectively).
In the ClinPharm/Biopharm Briefing, it was agreed that 90% C.I. should onlybe - - -
applied on the parent compound because of the low exposure to the epoxide metabolite
(even if one considers it to be equally safe and effective as the parent). However, the . -
metabolite should be monitored andthc evaluation for the metabolite would be descripytive- n“ o
nature. For the 800 rhg dose group (n=9),~ﬁ;e spodsdr was able to éhow that the CBZ-SR R 7
is bioequivalent to the CBZ-IR for all three primary parametcrs: AUC, Cmax and Cmm and . L
for all three dosing interval comparisons (O—_12hr; 12-24hr aﬁd 0-24hf). The epoxido PK--tmi - S




»

Tegretol given every 6 hours (Study #1) Even in the 1200 mg dose group (n—9) except ““‘f ey s

Cmin0-12 hr, all other parameters for al] the three dosmg interval companson could be Gt
considered to meet the 90% C.L analy51s Obv1ously, for the 1600 mg dose ; group (n—6)
the small sample size results in failure of more PK parameters to meet the acceptable 90%
C.I range. In other BE studies in this NDA, snmple size of 12 subJects were adequate.to Vi
meet the 90% C.1. criteria for different formulations of CBZ-SR (details can be found in<" -
study #1). | B | |

The batch of pellets used for the pivotal bioavailability study described above
(Study #1) was manufactured in 1993. Because of low batch yields, the manufacturing
process was changed in 1994 and 1995. A phannacokineﬁc link was established between
batches manufactured in 1993 and 1995. A bioequivalence study (Study #4) was
undertaken to compare the product intended for marketing (gamma batch) and the Biobatch
(alphd batch) used in 1993. The results of this study demonstrated that the 200 mg CBZ-SR
capsule intended for marketing is bioequivalent to the 200 mg CBZ-SR Biobatch.

In terms of dosage forms, the Biobatch was a 200 mg capsule (Study #1), which - =~
contained approximately 280 mg of pellets. Pharmavene is also seeking approval for a 300
mg capsule. The 300 Ing capsule is simply a larger_capsule shell which contains '
approximately 420 mg of pellets. The only difference between the fOrmulas is the color of \\
the capsule shells, which contaln dtfferent dyes in order to d1fferent1ate one strength from
the other. A bioequivalence study was undertaken to compare the two strengths of beta

batches (Study #5). The bioequivalence was tested by g1v1ng 2x300 mg capsules or 3x200
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CBZ-SR capsules are bloecjmvalent’ T

1993 and 1994 batches of drug The plasma ievels ofcarbamazepme were bxoequlvalent as - e : -
determined from AUC and Cmax ~The metabohte, carbamazepme—lO 11-epox1de was -

bioequivalent in terms of AUC but Cmax falled to meet the bioequivalence criteria by avery ’;

narrow margin (1.07-1.26). “The study demonstrates that the batches of 1993 and 1994 of the & <
sustained-release, multi-unit form of carbamazepme can be considered to be b10equ1va]ent for

both CBZ and CBZE (Study #6). e e

Dose Proportionality: _

Mean values of Cpax and AUC of CBZ‘and CBZE (B-batch) increased with dose,
demonstrating dose proportionality over the single dose range of 200 to 800 mg
(Study # 3). The e_limination‘ half-life ranged ffbm 35 to 40 hours for CBZ and 27-34 hours-
for CBZE over the dose range of 200 to 800 mg CBZ-SR.

Multiple Dosing: ‘

A twenty-four patient study was condueted to assess the bioavailability ofa - <
Pharmavene multiparticulate sustained-release dosage form of CBZ-SR administered every
twelve hours compared with Tegretol IR administered every six hours (Study #1). Eaeh

patient received a dally dose of elther 800 1200 or 1600 mg of Tegnetol or the Pharmavene \

Carbamazepine Sustamed-Release Capsules The results of this study are as follows




6. 4 3 7 hours TheCnunfor 0-12 hour interval for CBZ-SR was: 8 0 4'2;‘1 ug/mL and*. .

for the Tegretol IR treatment was 8 8+2.0 pg/mL. The Cavg for 0-12 hourmterval for.
CBZ-SR was 9.4 £2.3 ug/mL and for the Tegretol IR treatment were 1030 +2.1 pg/mL.
The mean fluctuation ind;x (FI) for Q-12 hour interval for CBZ-SR was 0.355 +0.10 and for
the Tegretol IR treatment was 0.28 + 0.08. S ' ST

The relative bioavailability of CBZ-SR formulation (in terms of tﬁc_ AUC) compared
with Tegretol was 98.8%, 90.3%, and 93.4% for the 800 mg, 1200 mg, ahd 1600 mg

doses, respectively.

Carbamazepine epoxide:

The mean (AUCp-12 hr) following CBZ-SR was 22 + 9 pg.hr/mL compared with
24 £ 8 ug.hr/mL for the Tegretol IR treatment. The relative exposure of carbamazepine
epoxide following treatment with CBZ-SR compared with the Tegretol IR tablets was

'91.5%. The mean Cmax and Cryjp observed for CBZ-SR were 2.1 + 0.9 pg/ml and 1.5 +

0.6 pg/mL, respectively, compared with the corresponding values for the Tegretol IR

treatment of 2.4 + 0.9 ug/mL and 1.6 £ 0.5 pg/ml, respectively. The Cavg for 0-12 hour- -

interval for CBZ-SR was 1.8 + 0.8 pg/mL and for the Tegretol IR treatment was 2.0 + 0.7
pg/mL. The fluctuation Index observed following CBZ-SR was 0.34 £ 0. 09 compared to

-~
N

the Tegretol ﬂuctuatlon Index of 0. 37 +0.22.
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- increase in AUC and Cmax was stanstlcally sxgmﬁcant (p <0 01) Tmaxnf CBZ was' c’a S

reduced by 10 hours when given with food compared to fasting state. The ehrmnatlon half-- -
life remains unchanged between fed and fasting state. It appears that the rate of absorptioh
of carbamazepine increases in the presence of a high-fat meal relative to a fasting state
(Study #2). However, the multiplé dose stﬁdy conducted in the fed state showed that the -
steady-state Cmax values were within the therapeutic concentration range. Also a
comparison of PK values between the 0-12 hr interval (high fat meal) and 12-24 hr- intérval
(regular meal) did not show any effect of different meals (Study #1).

The pharmacokinetic profiles of sustained-release carbamazepine was similar when
given by sprinkling over applesauce to fasted state. The AUC, Cmax, Tmax and t1/2 of
CBZ and CBZE were not statistically different (p<0.01) between fasted and sprinkled

groups (Study # 2).

Gender:
No difference (p>0.2) in the mean AUC and Cpax of carbamazepine and

carbamazepine-epoxide was found between male§ (n=11) and females (n = 13) (Study #1).

Dissolution:
The Sponsor's proposed Djs’sblution Method and Specifications for Carbatrol-SR \\

Capsules are as follows: . - N e L

Dosage Form: Sustained Release Capsﬁle-: ) ; |

Strengths: 200 mg and 300 mg - R ERERE .



Dissolution Specification for Carbamazepine Sustaine;i;Rélease Capsulés are as -
follows: o ”
Time (hr) % Dissolved
1
4
6 ,
12

The following dissolution Specification for both strengths of Carbamazepine
Sustained-Release Capsules (200 and 300 mg) is proposed by OCPB. .

Time (hr) . %Diésolved L
4 . -
NLT= Not less than e :7 - |

voan



spec1ﬁc ratio thhm one capsule. The three types of-pelletsconelst ofanunedmte—release

sustained-release,’ and entenc-release pellets w1th each capsule contammg ‘many pellets of

each type. The ratios of the immediate-release, sustamed—release and entenc-release pellets « -

| Dosage Strength : % of pellets within each CBZ Extended-Release capsule

Immediate-release . - . Sustained-release - Enteric-release
200 mg capsule : AR
300 mg capsule ' : K

Analytical Methods:

The samples assayed in the pharmacokinetic studies included the
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w.t 2w In-Vitro/ln-Vivo -Correlation: s £<5ae 25 o Sai 2 5 B gL

An ana]ysis was undéﬁéken to establish the relationship betwéén 'the'12 'hour in-vitro
dissolution release profile of the drug 'énd the 72 hour in-vivo fraction absorbed jxoﬁlé df the
drug from Carbamazepine Sustained-Released Capsﬁles. The in-vitro data were generawd by a
dissolution procedure. The in-vivo data were obtained from several single dose |
pharmacokinetic studies, whiéh were conducted to evaluate the bioavailability of the
Carbamazepine Sustained-Released Capsul_es.r |

The mean plasma level data from the pharmacokinetic studies Wére

11



) 'followmg CBZ-SR adrmmstratxon %e bloequxvalenoe was assessed;notonly:for CBZ andw U
- .CBZE mdlvxdually but also for CBZ plus CBZE Followmg a smgleoral dose of CBZ-SR'
- (200-800 mg) the AUC and Cmaxof CBZE wcre lcss than 10% of CBZ“ .Followmg

multiple dosing of CBZ-SR (800-]600 mg dmly for 14 days), the AUC and Cmax of CBZE
were less than 20% of CBZ. Followmg multiple dosmg of Tegretol IR (800-1600 mg daily
for 14 days), the AUC and Cax of CBZE were comparable to that obtained for CBZ-SR
(21% of CBZ). Assuming that CBZE is equally potent anticonvulsant as CBZ (though
remains to be confirmed in humans), the contribu;ion of CBZE to _the overall anticonvulsant
activity of CBZ is fairly small. Therefore, the application of bioequi#aleooo criteria on
CBZE or CBZ plus CBZE may oot be of any significance and in the opinion of this
reviewer should be avoided not only for this sustained release formulation of CBZ but any
future CBZ product. However, CBZE concentrations should be monitored and the

evaluation of the metabolite would be descriptive in nature.

omments to the Clinical Review
In the pivotal bioeqivalence study, Tegretol given every 6 hours(q i.d.) was
bioequivalent to the sustamed release Carbatrol glven evcry 12 hours (b. i. d.). Based on
this study, the proposed dosmg regimen of Carbatrol under 'Dosage and Adrmmstrahon

may need to be evaluated.

12

In tlns NDA the Sponsor has measured CBZ and 1ts active metabohte CBZE e gt 3 e



Agency A valxdated IVIVC may serve as a surrogate foran wvo bloeqmvalency testmg forw*"&w 1% ?":
changes in formulatlon, equipment, process, manufacturmg 51te and’batch swe mld may 5 R
also aid in revising dlssolutxon specifications.’ Spec1ﬁca11y, the fo]lowmg elements need to |

be considered:

(a) Data obtained from separate studies, where all formulaiions being'ﬁsed to develop the - R

IVIVC may have been studied in independent studies, may be utilized if noriﬁaiized A' .

properly. o o

(b) It appears that in vitro drug dissolution is much shan in ino drug absorption, -

and time scaling may be necessary for the in vivo fraction absorbed data (e.g., T/2).

Alternatively, the in vitro dissolution testing conditions may be optimized by using 'different

USP apparatus, and preferably at their recommended rotation speeds

(c) Unless in vitro dissolution of carbamazepine from the SR capsule§ is shown to be
independent of dissolution test conditions (e.g. pH and agitation), results from a single
formulation (i.e., one release rate) is not sufficient. In such a case, /formulations with at
least 2 different release rates (e.g., slow, medium and/or fast) will be necessary in the

development of an IVIVC. e PRI E

i
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labelmg Under the Chmeel Piiermacology secnong)aragrapﬁ'%%hﬁlﬁd%e ‘re;;];ncéﬁ S
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with the followmg (1t shou]d be noted that the textmno a*l"ff"ﬁf'%epréSents‘ _

information for Carbatro] whercas the text m bo]d mdlcates' 0!
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-information):

Pharmacokinetics: S o
Carbamazepine: - ' S
Following a single 200 mg oral sustained-release dose of carbamazepine, peak

plasma concentration was 1.9 + 0.3 pg/mL and the time toireacl't the peak was 19 +7 hours.

Following chronic administration (800 mg every 12 hours), the peak levels were 11.0 + 2.5

Hg/mL and the time to reach the peak was 5.9 + 1.8 hours. The pharmacokinetics of

sustained-release carbamazepine is linear over the single dose range of 200-800 mg.

Following a b.i.d. dosing regimen, carbamazepine sustained-release capsules provide

steady state plasma levels comparable to imrttediate—re]ease Tegretol tablets given q.i.d.,

when administered at the same total mg dahy dose.

Carbamazepine is 75% bound to plasma proteins. Carbamazepine is
primarily metabolized in the liver. After oral administration of }14C-
carbamazepine, 72% of the administered radioactivity was found in the urine
and 28% in the feces. This urinary radioactivity was'composed largely of
hydroxylated and conjugated metabolites, with- only 3% of unchanged
carbamazepine. Cytochrome P450 3A4 was 1dentlfied as the maJor 1soform \
responsible for the formatlon of carbamazepme-lO ll-epomde.

Since carbamazepine induces '1ts own metabolism, the half-life is also variable.

Following a single sustained-release dose of earbamazepine, the average half-life range from

CTE T 1a
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-..single dose was 25 :t 5 ml/mm and followmg mult:ple dosmg was 80 -_i-30 mJJmm %v eSS

n(f A - u-, -

A -,;;_J; 35-40 hours and 12-17 hours on (epeatedﬁdosmg J‘heapparent ora] _clea_xance followmgr.;\~ ok -_—,;,Q o
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S AP ,Carbamazepme-l() l»l-epomde L » T SO A
s Carbamazepme-lo-ll-epoxxde 1s- consxdered tobeanacnve metabohte ofﬂc ff-wm L

carbamazepme Followmg a smgle 200 mg oral sustamed—release dose of carbamachme, .
the peak plasma concentration of carbamazepme-lO—l l-cpoxlde was 0 11+ 0 012 ug/mL

and the time to reach the peak was 36 % 6 hours. Following chronic adrmmstratlon ofa
sustained release dose of carbamazepine (800 mg every 12‘hours), the peak levels of
carbamazepine-10-11-epoxide were 2.2 + 0.9 pg/mL and the time to reach the peak was 14 - - -
+ 8 hours. The plasma half-life of carbamazepine-10-11-epoxide was 34 + 9 hours.
Following a single oral dose of sustained-release carbamazepine. (200-800 mg) the AUC-;‘ :
and Cmax of carbamazepine-10-11-epoxide were less than 10% of carbamazepine.

Followiog multiple dosing of sustained-release carbamazepine (800-1600 mg daily for 14
days), the AUC and Cmax of carbamazepine-10-11-epoxide were less than 20% of

carbamazepine. Carbamazepine-10-11-epoxide is 50% bound to plasma proteins.

Food Effect:

A high fat meal diet increased the rate of absorption (mean Tmax was reduced by 10
hours and Cmax increased from 3.2 to 4.3 pg/mL) but not the extent (AUC) of absorption.
The elimination half-life remains unchanged between fed and fasting state. The multiple
dose study conducted in the fed state showed that the steady-state Cmax values were within
the therapeutic concentration range. The pharmacokinetic profile of sustained-release

carbamazepine was similar when given by sprinkling the capsule contents over applesauce \\

compared to the intact capsule administered in the fasted state.

15
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Hepatlc Dysfunctlom & . : :
...The effect of hepatic i nnpaument on the pharmacokmeucs of carbamazepme is not known.~. - -+
'Renal: Dysfunctlon. e AT S s;m& f

e oA

The effect of renal 1mpa1rment on ﬂle=phanf1acek1nencs of carbamazepme is not known S
Gender: - e R T e TR et L ey eear “.
No difference in the mean AUC and Cmax of Carbainazepfne end carbamazepine-epoxide -

was found between males and females. |

Age: |

Carbamazepine is more rapidly ‘metabolized to carbamazepine-10-11-epoxide

fn young children than adults. In children below the age of 15, there is an

inverse relationship between CBZ-E/CBZ ratio and increasing age.

Race:

No information is available on the effect of race on the pharmacokinetics of carbamazepine.

2. The information provided in Drug-Interactions under 'PRECAUTIONS'

should be replaced with the following.

Drug Interaction:
ents that may affect carbamazepine s levels:
CYP 3A4 inhibitors inhibit carbamazepine metabolism and can thus
increase plasma carbamazepine levels. Drugs that have been shown, or
would be expected, to increase plasma carbamazepine levels include: A\
cimetidine, danazol, diltiazem, macrolides, -erythromycin, - troleandomycin,

clarithromycin, fluoxetine, terfenadine, isoniazid, niacinamide,

16
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CYp 3A4 mducers can increase the rate of - ,carbamazepme metabohsm ..,.H;.m

include: clsplatln, doxorublcm HCl, felbamate, rlfampm,‘aphenobarbltal,‘ ’ * %vu«r

phenytoin, primidone, theophylline.. . - .0 ln i oo

ffect of carbamazepine on plasma levels of concomitant agen
Tegretol increases levels of cloxhipramine HCIl, phenytoin and primidone
Tegretol induces hepatic CYP activity. Tegretol causes, or would be
expected to cause decreased levels of acetaminophen, alprézo]am,
clonazepam, clozapine, dicumarol, doxycycline, ethosuximidé, halopefidol,
methsuximide, oral contraceptives, phensuximide, phenytoin, theophylline,
valproate, warfarin. The doses of these drugs may therefore have to be
increased when carbamazepine is added to the therapeutic regimen.
Concomitant administration of carbamazepine and lithium may increase the
risk of neuroto}:ic side effects. Alterations of thyroid function have been
repoi‘ted in combination therapy with other anticonvulsant medications.
Breakthrough bleeding has been reported among patients receiving
concomitant oral contraceptives and their reliability may be adversely
affected.
Nursing Mothers: ] o ) ‘\\
Tegretol and its epoxide metabolite are .tl;ansferred to breast milk a'nd‘
during lactation the concentrations of Tegretol ahd its epoxide metabolite is

approximately 50% of the mateljnal plasma 'éonéentratipn.- Because of the
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to discontinue the dmg, takmg,mto account the 1mportance'of thedrugio i

the mother.

EE R PRy

3. Under 'Dosage and Admxmstratlon' the statemeht "Medlcatlon.should be taken
with meals" should be replaced by Carbattol could be taken w1th or without -meals'f.i’ ’:'




Recommendation: A L =
From a pharmacokinetic point of view this NDA is acceptable to the Office of

Clinical Phaﬁnécology and BiOphérmacelitics. The Spbn'sor is -requested to incorporate

IR T N

all the labeling changes. < T -
P]éasé forwéfd Labeling Comments and vthe I- VIV C bomments to the Sponsor.

Iftekhar Mahmood, Ph.D. _%{LM'M 12/28/9¢
RD/FT initialed by Mohammad Hossain, Ph.D.%Mw Iﬁ&.?/%

Division of Pharmaceutical Evaluation I

Office of Clinical Pharmacology and Biopharmaceutics
Draft prepared before Clinpharm/Biopharm Briefing: October 23, 1996.
Clinpharm/Biopharm Briefing on November 12, 1996.

Note: Dr. Mohammad Hossain assisted in the review and provided

comments involving IVIVC analysis.

CC: NDA 20-712, HFD-120, HFD-860 (Mahmood, Hossain, Malinowski), HFD-340
(Viswanathan), and HFD 870: Chron, Drug, Reviewer and FOI (HFD-19) files
(Clarence Bott, PKLN, RM 13B-31).
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Study #1

Title: Multi-Dose Evaluation of Pharmacokinetics and Safety of a Multi-Unit Dose of

Carbamazepine (Protocol PI 101.103).

Objective:

The objective of this study was to compare the pharmacokinetics, bioavailability,

and bioequivalence profile of the multi-unit, sustained-release formulation of

carbamazepine (CARBATROL; CBZ-SR) to the marketed formulation of carbamazepine

(Tegretol).

Study Design:

The study was a two-way, two sequence, double-blind, randomized, cross-over

study, in which 24 patients with epilepsy received CBZ-SR or Tegretol. Among the 24

patients, there were 11 men and 13 women. Seventeen subjects were Caucasian, six were

African American and one subject was Hispanic. The subjects’ ages ranged from 21-54

years (mean 36.1 years). The daily dose administered to each patient was either 800,

1200, or 1600 mg of CBZ-SR or Tegretol. Patients received either Tegretol every 6 hours

with placebo or CBZ-SR every 12 hours (morning and evening) alternating with placebo

every 12 hours (midday and midnight) for 14 days. The respective dosing regimens for

Tegretol and CBZ-SR are shown below:

Tegretol Dosing Regimen

Dose assigned 6 a.m. 12 noon 6 p.m. 12
midnight
800 mg daily 2 2 2 2
Tegretol Tegretol Tegretol Tegretol
2 placebo 2 placebo 2 placebo 2 placebo
1200 mg daily 3 3 3 3
Tegretol Tegretol Tegretol Tegretol
1 placebo 1 placebo 1 placebo 1 placebo -
1600 mg daily 4 4 4 4
Tegretol Tegretol Tegretol Tegretol




CBZ-SR Dosing Regimen

Dose assigned 6 am. 12 noon 6 p.m. 12
_ midnight
800 mg daily 2 CBZ-SR 4 placebo 2 CBZ-SR 4 placebo
2 placebo 2 placebo
1200 mg daily 3 CBZ-SR 4 placebo 3 CBZ-SR 4 placebo
1 placebo 1 placebo
1600 mg daily 4 CBZ-SR 4 placebo 4 CBZ-SR 4 placebo

On day 14 of each treatment period, blood samples were collected 5 minutes before
drug administration and hourly for 24 hours after administration. The blood samples were
immediately centrifuged, and the separated plasma then stored at -20°C. Carbamazepine
and carbamazepine 10,11-epoxide plasma levels were determined by

The limit of detection of CBZ and CBZE was 2:20 pg/mL

and 0.25-5.0 pg/mL, respectively.

Drug Administration:

The formulations of CBZ-SR or Tegretol were as follows:

Carbamazepine sustained-release: 200 mg capsules Lot number 930002
Tegretol tablet in capsule 200 mg capsule Lot number 930006
200 mg capsule Lot number 930020
100 mg capsule Lot number 930017
Placebo capsules capsule Lot number 930019
Results:

Plasma concentrations of carbamazepine and carbamazepine-10,11-epoxide after 14
days administration of CBZ-SR or Tegretol were very similar. The pharmacokinetic
parameters, AUC, Cmax, Cmin, and Cavg for the time periods, 0-24 hr, 0-12 hr, and 12-

24 hr were estimated for both CBZ-SR and Tegretol. Fluctuation Index (FI) was calculated
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from (Cmax -Cmin)/Cavg and measured for three periods, 0-24 hr, 0-12 hr, and 12-24 hr,
respectively. Mean values for AUC, Cmax, Cmin, Cavg and FI for plasma concentrations
of CBZ, CBZE and CBZ plus CBZE following administration of CBZ-SR and Tegretol are
shown in Tables 1-3.

Bioequivalence between CBZ-SR and Tegretol was demonstrated using log
transformed values of AUC, Cmax, Cmin, and Cavg on CBZ, CBZE and CBZ plus
CBZE. Since carbamazepine and carbamazepine10,11-epoxide are equipotent
anticonvulsive agents, plasma concentrations of carbamazepine and carbamazepine-10,11-
epoxide at each time point were summed. Then using the plasma concentrations of
carbamazepinz and carbamazepine-10,11-epoxide AUC, Cmax, Cmin, and Cavg were
estimated and overall bioequivalence of CBZ-SR and Tegretol were evaluated.

The mean values for AUC, Cmax, Cmin, and Cavg were very similar after
administration of CBZ-SR or Tegretol, and were all within the recommended 0.80-1.25
limits of bioequivalence when analyzed on a logarithmic scale. However, it should be
noted that FI failed to meet the bioequivalence criteria for both CBZ and CBZE (Tables 1-
3).

Since carbamazepine and carbamazepine10,11-epoxide bound to plasma proteins,
plasma concentrations of CBZ plus CBZE for the unbound drug and metabolite were
calculated using literature values (CBZ = 75% bound, CBZE = 50% bound). The
pharmacokinetic parameters of AUC, Cmax, Cmin, and Cavg were all bioequivalent when
compared after administering CBZ-SR and Tegretol (Table 4).

Although only 11 males and 13 females were involved in the study an attempt was
made to compare pharmacokinetic parameters by gender. Analysis of pharmacokinetic
parameters using summed carbamazepine and carbamazepine-epoxide data (total'plasma
CBZ plus CBZE) demonstrated there.were no statistical differences (p>0.2) between the
pharmacokinetic values obtained from males and females (Table 5). Additional analysis of

pharmacokinetic parameters using summed carbamazepine and carbamazepine-epoxide data
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obtained after calculating the unbound plasma concentration of drug (unbound plasma
CBZ plus CBZE) also demonstrated there were no statistical differences (p>0.3)
between the phanﬁacoldnetic values obtained from males and females (Table 5).

When bioequivalence criteria were calculated for males in the study (n=11), the
AUC, Cmax, Cmin, and Cavg estimated from both total and unbound plasma
concentrations of CBZ plus CBZE were found to be bioequivalent (Table 6-7).

For the-13 females in the study, daily administration of CBZ-SR and-Tegretol was
found to be bioequivalent for AUC, Cax, and Cavg, estimated from both total and
unbound plasma concentrations of CBZ plus CBZE, but Crip was slightly outside the
bioequivalent parameters (Tables 8-11). However, one patient (#15) reported taking
laxatives throughout the CBZ-SR phase of the study, but not during the Tegretol phase of
the study. Since this patient did not take laxative throughout the Tegretol phase of the
cross-over study, it seems reasonable to assume the results obtained from this patient could
skew the outcome when only small numbers of patients were involved. Indeed, repeating
the pharmacokinetic analysis in females, but excluding data from patient #15, demonstrated
bioequivalence between most of the pharmacokinetic parameters measured, except Cmin
for the time period of 12-24 hours. However, it should be noted that statistical power to
detect a bioequivalent relation between drug products was reduced in this gender group

analysis.

Conclusions:
This study demonstrates that Pharmavene’s carbamazepine sustained-release

capsule given every 12 hours is bioequivalent to Tegretol immediate release tablets given - .

every 6 hours.
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Plasma concentration (ug/mi)

Figure 1.1 Mean Plasma Concentrations of Carbamazepine Following
14 Days Administration of CBZ-SR and Tegretol.
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Figure 2.1 Mean Plasma Concentrations of Carbamazepine-10,1 1-Epoxide
Following 14 Days Administration of CBZ-SR and Tegretol.
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Table 5.6.1 Gender Differences in Carbatrol-to-Tegretol Ratio of PK Parameters for
CBZ plus CBZE Total and Unbound Components

i (11 male vs. 13 femaie patients)

Ratio of Carbatrol to Tegretol
Component PK psramster Period Gender Mean S.D. tvalue pvalue
Total AUC 0-24 trs male 0.95% 0.084 0.7110 0.4861
female 0.921 0.167
O-12hrs maie 0.966 0.120 0.4741 0.6401
female 0.936 0.182
12-24 hrs male 0.954 0.089 0.7992 0.4327
female 0.909 0.167
C max 0-24 hrs male 0.972 0.135 0.4660  0.6458
female 0.844 0.183
0-12 hrs male 0.978 0.150 0.6097 0.5483
. femaie 0.935 0.18%
12-24 hrs male : 0.937 0.101 0.0540 0.9575
femnale 0.941 0.194
C min Q24 hrs male 0.927 0.153 0.5820 0.5665
female 0.884 0.202
0-12 hrs male 0.936 0.135 0.2100 0.8356
female 0.918 0.241
12-24 hrs male 0.940 0.13% 1.1082 0.2798
female 0.864 0.186
Cavg 0-24 hrs male 0.959 0.083 0.7112  0.4860
female 0.921 0.167
D ’ 0-12hrs  maie 0.966 0.120 04741  0.5401
female 0.936 0.182
12-24 hrs male 0.954 0.089 0.7939 0.4323
female 0.908 0.166 )
Unbound AUC 0-24 hrs male 0.959 0.093 0.7444 0.4645
temale - 0.916 0.172
0-12 hrs male 0.966 0.132 0.5359 0.5974
female 0.930 0.186
12-24 hrs male 0.954 0.090 0.8706 0.3934
femaie 0.904 0.170 ’
C max 0-24 nrs male 0.968 0.148 0.6327 0.5334
’ female 0.927 0.169
012 hrs male 0.978 0.160 0.7417 0.4661
female 0.923 0.186
12-24 hrs male 0.934 0.111 0.0373 0.9706
femaie 0.832 0.183
C min 0-24 hrs male 0.835 0.164 0.7127  0.4835
femaie 0.880 0.206
0-12 hrs male 0.942 0.148 0.3070 0.7617
temale 0.916 0.240
12-24 hrs male 0.942 0.141 1.2066 <0_2404
female 0.857 0.193
Cawvg 0-24hrs  male 0.955 0.093 07425  0.4656
femaie 0.916 0.172
0-12 hrs male 0.966 0.131 0.5359 0.5974
m temale 0.830 0.186 .
h 12-24 hrs maie 0.954 0.090 0.8724 0.3924
fernaie 0.904 0.170
N al
Note: for unequal vanance (F<.05). approximate 1 vaiue with Satisrthwaite's df was used for p vajue caicutation. U 1 6 )
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Printed by Mohammad Hossain

Electronic Mail Message

Date: 27-Nov-1996 02:32pm

From: Mohammad Hossain
HOSSAINM
Dept: HFD-860 WOC2 2073

TelNo: 301-594-0488 FAX 301-480-3212

TO: See Below
Subject: Carbamazepine SR - Post ClinPharm/Biopharm Briefing Update

ELECTRONTIC MAIL MESSAGE

Date: 27-Nov-1996 01:32pm EST

From: Iftekhar Mahmood
MAHMOODI

Dept: HFD-860 WOC2 4054

Tel No: 301-594-5509 FAX 301-594-0499
TO: Mohammad Hossain ( HOSSAINM )

Subject: CBZ

Response to the issues raised on Clinpharm/Biopharm day on Carbatrol:

1. Bioequivalence:

The pivotal study in this NDA (20-712) involves the comparison of
Pharmavene sustained release product (CBZ-SR) with Tegretol IR
(Protocol PI 101.103). Twenty four patients with epilepsy (9 of the
patients were on a fixed dose of phenytoin, phenobarbital, ,
clorazepate, primidone or valproic acid) received a daily dose of 800
(n =9), 1200 (n =9) or 1600 (n =6) mg CBZ-SR or Tegretol IR for 14
days. Tegretol IR was given every 6 hours and CBZ-SR was given every
12 hours. On day 14, subjects were given a high fat meal (FDA
recommended) 30 minutes before the administration of both dosage forms
(this was the only high fat meal given to the patients during the whole
study period, otherwise patients remained on controlled regular diet).
The 90% confidence interval was applied on log transformed data on the
AUC, Cmax, Cmin, Caverage and Fluctuation Index (FI) without dose
ncrmalization of these parameters.

It was asked whether or not 90% CI was applied by normalizing the
dose? Later, this issue was discussed with the Sponsor, Dr. Schuirman
and Dr. Venitz. The data indicate (attached Tables) that there is’
negligible change in the AUC, Cmax and Cmin of CBZ over the dose range
of 800 to 1600 mg for both dosage forms. However, the AUC, Cmax and
Cmin of CBZE increases with increasing dose.

Patients enrolled in this study were already on different fixed
dosing regimens of CBZ which was earlier known to provide plasma



concentrations within the clinical therapeutic concentration range
(i.e., 4-12 ug/mL) for each of the patient. Literature reports suggest
that plasma concentrations of CBZ increase disproportionally with
increasing CBZ dose following multiple dosing, and that CBZ levels
generally are in the therapeutic window despite the wide range of
prescribed doses. 1In our discussion with Dr. Venitz this finding did
not appear to be surprising to him.

It appears that two factors may be responsible for the similar
values of AUC, Cmax and Cmin of CBZ over the dose range. Either the
induction of enzymes by CBZ is dose dependent (higher the dose more
enzyme induction) and/or the aborption of CBZ is saturable at higher
doses (this saturation of absorption at higher doses of CBZ may be
solubility rate limited). The CBZE concentration indicates that
probably it is the induction of enzymes which is responsible for
maintaining a similar plasma concentration at different doses.

Dr. Schuirman pointed out that since the values of AUC, Cmax and
Cmin of CBZ does not change with dose, there is no advantage of
dividing the patients in different groups or normalizing their PK
values according to their dose. Furthermore, dividing the patients
accorxding to the dose reduces the power of the test to detect any
difference between the two formulations as shown in the 90% CI analysis
in Table 1. Therefore, pooling the data from all dose groups is not
invalid for the calculation of 90% CI.

Therefore, the conclusion from Study 101.103 that Carbatrol is
bioequivalent to Tegretol is acceptable to the Office of Clinical
Pharmacology and Biopharmaceutics.

2. Food Effect:

In the labelling, the following was suggested to the Sponsor:

Under 'Dosage and Administration' the statement "Medication should be
taken with meals" should be replaced by "Carbatrol could be taken with
or without meals".

This decision was made based upon the multiple dose fed state study
where steady-state Cmax values were within the therapeutic
concentration range. Also, it should be noted that comparison of PK
values between the 0-12 hr interval (high fat meal) and 12-24 hr
interval (regular meal) did not show any effect of different meals.

Distribution:

TO: Lawrence Lesko ( LESKOL ) .
TO: Henry Malinowski ( MALINOWSKI ) \
TO: Nicholas Fleischer ( FLEISCHERN ) '

TO: Mei-Ling Chen ( CHENME )

TO: william Gillespie ( GILLESPIEW )

TO: Mehul Mehta ( MEHTA )

TO: Paul Hepp { HEPP )

TN Shiew-Mei Huang { HUANGS )



CC: Iftekhar Mahmood ( MAHMOODI )
CC: Mohammad Hossain { HOSSAINM )
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Table1 - CBZ

‘ 800 MG (N=3) 1200 MG (N=0) T600 MG (N=0)
Parameters

SR IR SR IR SR iR

bid gid bid qid bid qid
AUCO-12 109.3 111.5 1159 1314 113.7 114.4
90% C.1. 0.89-1.07 0.79-1.04 0.85-1.12
AUCI2-24 106.98  ]106.93 111.07 j124.04 107.07 |Tl7.§§
90% C.1. 0.91-1.07 0.83-0.99 0.72-1.07
AUC0-24 216.24 |218.39 227.97 J255.46 220.77 J232.27
90% C.1. 0.92-1.05 0.82-1.01 0.79-1.08
CMAXO-12 10.31 lT 0.57 11.50 l 12.63 11.09 |1 1.29
[90% C.I. 0.87-1.08 0.81-1.06 0.83-1.13
CMAX]12-24 10.11 ]10.18 10.44 J11.76 10.58 j11.14
90% C.1. 0.92-1.11 0.86-0.96 0.71-1.17
CMAXO0-24 10.71 ]10.91 11.68 ji12.63 11.37 ~J11.66
90%C.1. 0.92-1.08 0.84-1.04 0.83-1.13
CMINU-12 8.06 j]8.32 3.02 1564 1.12 .14
90%C.1. 0.86-1.09 0.72-1.01 0.75-1.14
CMIN12-24 7.87 ]8.09 7.88 J3.95 7.42 187
90% C.1. 0.86-1.03 0.84-1.01 0.65-1.0
CMINO-24 7.66 1795 7.60 ]8.83 7.11 1795
90% C.1I. 0.83-1.02 0.79-1.02 0.69-1.04

Table 2 - CBZE

800 MG (N=9Y) 1200 MG (N=D) 1600 MG (N=6)
Parameters

SR IR Sk IR Sk IR

bid gid bid gid bid qid
AUCO-12 15.74 17.86 20.29 2443 32.58 31.45
90% C.IL. 0.75-1.06 0.72-1.02 0.86-1.24
AUCI2-24 16.63 ji18.61 20.54 ]24.96 32.18 ]33.42
90% C.I. 0.81-1.03 0.75-1.0 0.74-1.23
AUC0-24 32.37 3647 40.81 1494 64.73 jo4.87
90% C.I 0.79-1.04 0.74-1.03 0.81-1.22
CMAXO-12 1.50 Ji.83 2.0 ]2.36 3.16 ]3-12
90% C.1. 0.69-1.05 0.73-1.02 0.85-1.23
CMAXI2-24 1.6 J1.98 2.0 ]2.32 3.08 132
90% C.I. 0.72-1.08 0.78-1.01 0.72-1.08
CMAXO0-24 1.62 J2.1 2.15 J2.41 3.3 134
90% C.1. 0.69-1.04 0.79-1.04 0.77-1.22
CMING-12 1.11 ji.27 1.41 | 1A 2.13 : j1.88
0% .1 0.74-1.06 0.71-0.98 0.76-1.68
CMIN12-24 1.18 j1.31 1.35 | LK 2.2 124
90% C.1. 0.78-1.03 0.66-1.0 0.69-1.22
CMINO0-24 1.06 j1.23 1.30 11.71 1.95 ]1.82
90% C.1. 0.72-1.01 0.65-0.97 0.74-1.61
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Study #2
Title: A Food Effect Bioavailability Study of CARBATROL (Protocol PI 101.108).

Objective:
The objective of this study was to determine and evaluate the plasma levels of
carbamazepine after administering CBZ-SR while fasting, with food (high-fat breakfast),

and when sprinkled over a semi-solid food.

Study Design:

The study was an open-label, single dose, randomized, balanced, cross-over design
with three treatment arms, in which 12 normal male volunteers received a single dose of
CBZ-SR with or without food. Eleven subjects were Caucasian, and one was an African
American. The subjects’ ages ranged from 21-48 years (mean 33.8 years). The "high-fat
breakfast" consisted of two eggs fried in butter, two strips of bacon, six ounces of hash
brown potatoes, two slices of toast with two parts of butter, and eight ounces of whole
milk. The washout period between each study was at least 14 days.

Blood samples were collected at the following times: 0 (pre-dose), 0.5, 1, 2, 3, 4,
3,6,8, 10, 12, 15, 24, 29, 34, 48, 72, 96, 168, and 216 hours after CBZ administration.
The blood samples were immediately centrifuged, and the separated plasma was stored at
-20°C. Carbamazepine (CBZ) and carbamazepine-10,11-epoxide (CBZE) plasma
concentrations were determined bv The limit
of detcction for carbamazepine and carbamazepine-10,11-epoxide was 0.02 - 10 Hg/mL and

0.01 - 1.0 pg/mL, respectively.

Drug Administration:
Each subject received 400 mg (2 x 200 mg capsules) of the same carbamazepine

formulation (Lot No. 940002A) for each treatment.

B/



Treatment A: 2 x 200 mg capsules administered with food (high-fat diet).

Treatment B: 2 x 200 mg capsules administered without food.

Treatment C: 2 x 200 mg capsules opened and sprinkled over applesauce.

Results:

The following Table summarizes the effect of food on the pharmacokinetics of

carbamazepine.

Parameters
AUC(0-inf)
(ug*hr/mL)
Cmax
(ng/mL)
Tmax (hrs)

T1/2 (hrs)

Species

CBZE

Fed
267 + 52*
19 + 4%
4.3 + 0.6*
0.3 + 0.05*
13.7 £ 6.3*
345198
36.9 £ 8.6

279+42

Fasting
239141
1714
32104
0.2 +0.05
23.7+8.7
39.8+ 8.6
36.3+6.5
31.3+6.5

* statistically different (p<0.01) to values obtained in fasting state.

Sprinkled
254 £ 51
1743
33+0.3
0.2 +0.04
173+ 7.2
38.6+9.3
36.8 + 8.3
30.8 + 5.4

The results of this study indicate that AUC and Cppay are statistically different in

fed state than the fasting state of CBZ and CBZE. Tmax of CBZ was reduced by 10 hours -

when given with food compared to fasting state. The elimination half-life remains

unchanged between fed and fasting state.

Conclusions:

The results of this study show that the rate and extent of absorption of CBZ-SR

increases in the presence of a high-fat meal relative to a fasting state. Furthermore, the

absorption from the CBZ-SR product when given by sprinkling over applesauce, has a

pharmacokinetic profile similar to fasted state.
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Bioequivalence Assessment of CBZ and CBZE for Sprinkle vs Fasting

Table S1.
Pharmacokinetic .
Parameters Ratio Estimate | -90% Confidence'Interval
(CB2Z) of Ratio (ANOVA)
(Food to Fasting)
Table 1.1
AUGqin 1.12 1.06-1.18*
AUC,, 1.11 1.06-1.17*
| Cnax 1.35 1.27-1.43
(Sprinkle to Fasting)
Table 1.2
AUGqn 1.06 1.00-1.12*
AUC,, 1.06 1.00-1.11*
Cras 1.04 0.98-1.11*
(Sprinkle to Food)
Table 1.3
AUCqint 0.95 0.90-1.00*
AUGC,, 0.95 0.90-1.00*
Conax 0.77 0.73-0.82
Table S2.
Pharmacokinetic
Parameters Ratio Estimate 90% Confidence Interval
(CBZE) of Ratio (ANOVA)
(Food to Fasting)
Table 2.1
AUGo 1.16 1.08-1.25*
AUC,, 1.17 1.07-1.27
Crnax 1.29 1.19-1.39
— (Sprinkle to Fasting)
Table 2.2
AUGCoinr 1.06 0.99-1.14*
AUGC,, 1.05 0.96-1.14*
Conax 1.05 0.98-1.14*
(Sprinkle to Food)
Table 2.3
AUGCqin 0.92 0.85-0.98*
AUG,, 0.89 0.82-0.97*
Crasx 0.82 0.76-0.89
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Study #3
Title: A Dose Proportionality Study of CARBATROL (Protocol PI 101.109).

Study Objective:
The objective of this study was to evaluate dose proportionality of CBZ-SR
following a single oral administration of six different doses (200 -800 mg) of CBZ-SR.

Study Design:

The protocol was designed as an outpatient, open-label, randomized, fasting, six-
way crossover study. Twelve healthy male subjects entered the study. Eleven subjects
were Caucasian, and one was a Native American. The subjects’ ages ranged from 1949
years (mean 32.8 years). The volunteers received single oral doses of 200, 300, 400,
500, 600, and 800 mg CBZ-SR. The washout period between each dose was 14 days.
Blood samples were collected at the following time points on the day of each drug
administration: O (pre-dose), and, 0.5, 1, 2, 3,4, 5, 6, 8, 10, 12, 15, 24, 29, 34, 39, 48,
72,96, 168, and 216 hours post-dose. The blood samples were immediately centrifuged,
and the separated plasma stored at approximately -200C. The concentrations of
carbamazepine and carbamazepine-10,11-epoxide were determined using

The limit of detection for carbamazepine
and carbamazepine-10,11-epoxide was 0.02 - 10 pg/mL and 0.01 - 1.0 pg/mL,

respectively.

Drug Administration:
The drug was administered as 200 mg capsules (Lot No. 940002A) and/or 300 mg

capsules (Lot No. 940004A) in the following combinations:

Dose Capsule Combination

200 mg 1 x 200 mg

300 mg 1 x 300 mg

400 mg 2x200mg

500 mg 1 x 200 mg plus 1 x 300 mg
600 mg 2 x 300 mg

800 mg 1 x 200 mg plus 2 x 300 mg

1ué® ¥4



Results:

Pharmacokinetics of Carbamazepine:

The arithmetic mean of AUCQ.inf and Cmax increased sequentially with increasing doses
of CBZ-SR (Tablel & Figures 1 and 2). In contrast to AUC and Cmax, the mean Tmax
for each dose administered did not increase sequentially with increasing doses of CBZ-SR.
The lowest mean Tmax value was 19.2 £ 6.4 hours at the 200 mg dose, and the highest
was 24.7 1 10.3 hours at the 500 mg dose. The differencesin Tmax among these doses
were not statistically significant (p=0.27). The plasma half-life of carbamazepine decreased
slightly with increasing doses of CBZ-SR. The longest half-life occurred at the 200 mg
dose (39.5 £ 5.3 hours) and this value decreased sequentially with increasing doses such
that the half-life at the 800 mg dose was 35.5 + 8.6 hours.

TABLE 1

Dose AUCQ-inf Cmax Tmax T172

Administered pg*hr/mL ug/mL hrs hrs
(CBZ-SR)

200 mg 140.3 + 314 1.9+ 0.3 19.2 £ 6.8 39.5+5.3

300 mg 190.9 + 43.1 2604 22.1 £9.6 37.5+6.7

400 mg 243.7 + 39.9 3.3+£04 24.1 £ 8.3 36.3+5.6

500 mg 283.3 £45.9 39+0.5 24.7 £ 10.3 36.6 + 6.6

600 mg 331.4 +54.7 4.6+ 0.7 23.3+ 8.6 37.0 £ 8.9

800 mg 413.5 £ 68.2 56%0.8 244173 35.5+ 8.6

Mean + sd

Pharmacokinetics of carbamazepine-10,11-epoxide:

The arithmetic mean of AUCQ-inf and Cmax increased sequentially with increasing
doses of CBZ-SR (Table 2). In contrast to AUC and Cmax, the mean Tmax for each dos;e .
administered did not increase sequentially with increasing doses of CBZ-SR. The lowest
mean Tmax value was 34.3 £ 8.8 hours at the 300 mg dose, and the highest Tax was
38.6% 5.9 hours occurred at the 800 mg dose. The differences in Tpax among these doses

were not statistically significant (p=0.4196). The plasma half-life of CBZE was not

constant with increasing doses of CBZ-SR. The longest half-life occurred at the 200 mg

2 97




dose (35.8 £ 9.1 hours) and this value decreased sequentially with increasing doses such
that the half-life at the 800 mg dose was 27.3 + 5.9 hours.
The AUCQ-jnf and Cmax of CBZE was less than 10% compared to CBZ at the

dose range of 200-800 mg of CBZ.

TABLE 2
Dose AUCQ.inf Cmax Tmax T1/2
Administered pg*hr/mL " ng/mL hrs hrs
(CBZ-SR)
200 mg 8515 108 + 12 36.2+6.3 3371 9.1
300 mg 128+ 1.5 167 + 31 343+8.8 35.7t 6.1
400 mg 17+3.0 225+ 30 357+5.8 31.1+42
500 mg 20.7 £ 4.0 279 + 58 38.4+55 31.0+ 6.7
600 mg 257 %50 355+92 35.5+8.1 279+ 46
800 mg 344 1+ 6.6 472 +£ 104 38.6+59 27.3+59
Mean + sd
Conclusion:

In summary, the data suggest that carbamazepine and carbamazepine-10,11-epoxide
follow linear kinetics at the dose range of 200-800 mg given as CBZ-SR.
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Table 11 The Relationship between Mean Bioavailability of Carbamazepine,
Carbamazepine Epoxide and Dose Administered.
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Study #4

Title: A Three Formulation Comparison Study of CARBATROL (Protocol PI 101.112).

Objective:
The objective of this study was to compare the bioavailability of the product intended

for marketing (gamma) with the two drug lots used in-previous studies (alpha and beta).

Study Design:

The study was a randomized, three-way cross-over study, in which 12 normal male
volunteers received a single 400 mg dose from each of three separate lots of carbamazepine-
sustained-release capsules. The subjects were fasted prior to receiving drug. All subjects were
white with ages ranging from 23-44 years (mean 34.4 years). The washout period between
each formulation administered was at least 14 days. Blood samples were collected 5 minutes
before drug administration and at 0.5, 1, 2, 3, 4, 5, 6, 8, 10, 12, 15, 24, 29, 34, 39, 48, 72,
96, 168, and 216 hours after administration. Blood samples were immediately centrifuged,
and the separated plasma was then stored at -200C. Carbamazepine and carbamazepine-10,11-
epoxide plasma levels were determined by ~ . The
limit of detection for carbamazepine and carbamazepine-10,11-epoxide was 0.02 - 6 pg/mL

and 0.01 - 0.6 pg/mL, respectively.

Drug Administration:

Each subject received 400 mg (2 x 200 mg) of carbamazepine sustained-release

capsules from each manufactured lot.

Alpha (1993) 200 mg capsules 930002A

Beta (1994) 200 mg capsules 940001A

Gamma (1995) 200 mg capsules 950026
56
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Results:

The results of this study has been summarized in the following Tables (90%

confidence interval on a log-normalized data).

Pharmacokinetic Parameters
(CBZ)

AUCQ-inf

Pharmacokinetic
" Parameters (CBZE)

AUCQ-inf

TABLE 1

Ratio Estimate

(Beta to Alpha)
1.07
1.17
(Gamma to Alpha)
0.98
0.98
(Gamma to Beta)
0.91
0.83

TABLE 2

Ratio Estimate

(Beta to Alpha)
1.11
1.16
(Gamma to Alpha)
1.0
0.97
(Gamma to Beta)
0.90
0.83

90% Confidence Interval
of Ratio (ANOVA)

0.97-1.18
1.05-1.32

0.89-1.08
0.87-1.09

0.83-1.01
0.74-0.93

90% Confidence Interval
of Ratio (ANOVA)

0.97-1.27
1.0-1.36

0.88-1.15
0.83-1.13

0.79-1.03
0.71-0.97

The results of this single dose, three-way cross-over study demonstrate the drug

product intended for marketing (gamma batch) was bioequivalent to the drug product
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manufactured from the alpha batch in terms of AUC and Cpax (both for carbamazepine and

carbamazepine-10,11-epoxide). Furthermore, the drug product intended for marketing

(gamma) was equivalent to the beta batch in terms of AUC for carbamazepine, but fell

outside the limits for Cmax, whereas CBZE failed to meet bioequivalence criteria for both

AUC (although marginally) and Cmax. The beta batch was equivalent to alpha batch in

terms of AUC for CBZ, but Cimax was outside the recommended confidence interval,

whereas CBZE failed to meet bioequivalence criteria for both AUC and Cayx. -

Plasma Concentrations of CBZ plus CBZE:

Pharmacokinetic parameters of AUCQ.jnf, and Cmax obtained for CBZ plus CBZE

(1g/ml) are shown in the following Table.

Table 3.
Pharmacokinetic Parameters Ratio Estimate
(CBZ plus CBZE)
(Beta to Alpha)

AUCQ-inf 1.08
Cmax 1.17

(Gamma to Alpha)
AUCO-inf : 0.98
Cmax 0.97

(Gamma to Beta)
AUCQ-inf 0.91
Cmax 0.83

90% Confidence Interval
of Ratio (ANOVA)

0.98-1.19
1.05-1.32

0.89-1.09
0.87-1.09

0.83-1.01
0.74-0.93



.

Plasma Concentrations of Unbound CBZ plus Unbound CBZE:

Pharmacokinetic parameters of AUC(-jnf and Cmay obtained for unbound CBZ

plus unbound CBZE (pg/ml) are shown in the following Table.

TABLE 4
Pharmacokinetic Parameters Ratio Estimate 90% Confidence Interval
(unbound CBZ plus of Ratio (ANOVA)
unbound CBZE) (Beta to Alpha)
AUCQ.inf | 1.08 0.98-1.19
Cmax 1.18 1.05-1.32
(Gamma to Alpha)
AUCQ-inf 0.99 0.89-1.09
Cmax 0.98 0.87-1.10
(Gamma to Beta)
AUCQ-inf 0.91 0.83-1.01
Cmax 0.83 0.74-0.93

The results of bioequivalence analysis of plasma concentrations of both total and
unbound CBZ plus CBZE followed the same pattern as the bioequivalence analysis of

CBZ and CBZE.

Conclusion:

The results of this study demonstrate that the drug product intended for marketing.
(gamma batch) was bioequivalent to the drug product manufactured from the alpha batch for
both CBZ, CBZE and CBZ plus CBZE. However, beta to alpha and gamma to beta batches

were not bioequivalent.
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Study #5
Title: A Dose Equivalency Study of CARBATROL (Protocol PI 101.1 10).

Objective: The objective of this study was to compare the bioavailability of CBZ-SR

when administered as 200 mg and 300 mg capsules.

Study Design:

The study was an outpatient, open-labeled, randomized, two-phase cross-over
study, in 12 normal male volunteers. The subjects were Caucasian, and their age ranged
from 24 to 47 years (mean 36.5 years). Each subject received a single 600 mg oral dose of
Carbatrol either in the form of 3x200 mg capsules or 2x300 mg capsules after overnight
fasting. The washout period between each dose was 14 days. On the dosing day of each
phase, blood samples were collected 5 minutes prior to drug administration and up to 216
hour to determine carbamazepine and carbamazepine-10,11-epoxide levels. The blood
samples were immediately centrifuged, and the separated plasma was stored at -200C.
Carbamazepine (CBZ) and carbamazepine-10,11-epoxide (CBZE) plasma concentrations
were determined by | ' ~ The limit of detection for
carbamazepine and carbamazepine-10,11-epoxide was 0.02 - 10 pg/mL and 0.01 - 1.0

Hg/mL, respectively.

Drug Administration:

Each subject received 600 mg of each carbamazepine formulation (3x200mg and

2x300mg).
Dosage Form Lot Numbers
200 mg capsules 940002A
300 mg capsules 940004A

¢/
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Results:

The bioequivalence analysis (log transformed) was performed on CBZ, CBZE and
by summing plasma concentrations of carbamazepine and carbamazepine-10,11-epoxide
prior to determining the pharmacokinetic parameters of Cypax and Tmax, and added up the
AUC values of CBZ and CBZE to determine the corresponding AUCQ.ijnf and AUCQ-¢
for CBZ plus CBZE.

Plasma Concentrations of Unbound CBZ plus Unbound CBZE:
Approximately 25% of CBZ and 50% of CBZE are considered to be unbound to
plasma proteins. The unbound concentrations of CBZ and CBZE was estimated using

unbound fraction of CBZ (25%) and CBZE (50%).
Logrithmic transformation of AUC and Cpax values of CBZ, CBZE and CBZ

plus CBZE indicated that the 90% confidence intervals of the ratio of the 2x300 mg
capsules and 3x200 mg capsules fell within the recommended limits of bioequivalence

(0.80-1.25). The attached Tables summarize the results of this study.
Conclusions:

The study demonstrates that 3x200 mg CBZ-SR capsules are bioequivalent to

2x300 mg CBZ-SR capsules.
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Bioequivalence of Carbatrol 2x300 mg capsules to 3x200 mg capsules

AUCqian  carbamazepine
(nghr/ml) CBZE
AUCqq carbamazepine
(ughr/ml) CBZE
Coux carbamazepine
(ng/ml) CBZE
T carbamazepine
(hr) CBZE
tin carbamazepine
(hr) CBZE

TABLE

for CBZ and CBZE
{mean = s.d.) 90% Confidence Interval
{3x200mg) (2x300mg) or (p value)
372.175+72.127 332.717£64.922 (0.81 - 0.98)*
27.583x7.277 24.275+5.244 (0.80 - 0.99)*
360.292+61.308 324.914+60.609 (0.82 - 0.98)*
26.075+7.750 23.371+5.339 (0.82 - 1.02)*
4.472+0.565 4.427+0.708 (0.90 - 1.08)*
0.344+0.110 0.326+0.098 (0.84 - 1.09)*
29.41724.981 24.9179.376 p=0.107
46.167x10.179 40.917+9.160 p=0.182
36.692+9.289 35.067+8.092 p=0.084
31.217+6.123 30.067+5.280 p=0.266

* denotes 90% confidence interval fell within the recommended 0.80-1.25 limits of bioequivalence when

analyzed on a logarithmic scale.
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Study #6

Title: A Bioavailability Study of Two Batches of CARBATROL (Protocol PI 101.107).

Objective:
The objective of this study was to compare the bioavailability of two different batches
(1993 and 1994 batches) of the sustained-release, multi-unit form of carbamazepine

(CARBATROL; CBZ-SR).

Study Design:

The study was an open-label, single dose, fasting, randomized, balanced cross-over
study with two treatment arms, in which 12 normal male volunteers (10 Caucasian, 1 African
American, and 1 Hispanic) received a single 400 mg (2 x 200 mg) dose of CBZ-SR
manufactured from each of the 1993 and 1994 batches of drug. The mean age of the subjects
was 32.6 years (range 23-47 years). The washout period between each formulation
administered was at least 14 days. Blood samples were collected 5 minutes before drug
administration (0-hour) and at 0.5, 1, 2, 3, 4, 5, 6, 8, 10, 12, 15, 24, 29, 34, 48, 72, 96,
168, and 216 hours after administering CBZ-SR. The blood samples were immediately
centrifuged, and the separated plasma was then stored at -20°C. Carbamazepine and
carbamazepine-10,11-epoxide plasma levels were determined bv
detection. The limit of detection for carbamazepine and carbamazepine-10,11-epoxide was 0.02

- 10 pg/mL and 0.01 - 1.0 pg/mL, respectively.

Drug Administration:

Each subject received 400 mg (2 x 200 mg) of the 1993 or 1994 batch of CBZ-SR.
CBZ-SR

Treatment 1 (clinical/1993 batch) 200 mg capsules (Lot #930002A)
Treatment 2 (manufacturing/1994 batch) 200 mg capsules (Lot #940002A)

68
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Results:

AUC

(ug-hr/ml)

(png/ml)

tin2
(hr)

1994 Batch

carbamazepine 259.567+60.157
CBZE 16.808+2.668

carbamazepine  3.12110.300
CBZE 0.199+0.026

carbamazepine 42.533110.024
CBZE 36.350+5.922

1993 Batch

247.458+50.850
15.758+2.275

2.764+0.342
0.172+0.029

43.79249.611
39.17516.657

0% CI

(0.99 - 1.10)
(0.99 - 1.14)

(1.07 - 1.20)
(1.07 - 1.26)

This study demonstrated comparable bioavailability and pharmacokinetic profiles

for CBZ-SR manufactured from the 1993 and 1994 batches of drug. The plasma levels of

carbamazepine were bioequivalent as determined from AUC and Cax. The metabolite,

carbamazepine-10,11-epoxide, was bioequivalent in terms of AUC but Cmax failed to meet

the bioequivalence criteria by a very narrow margin (1.07 - 1.26).

Conclusions:

The study demonstrates that the batches of 1993 and 1994 of the sustained-release,

multi-unit form of carbamazepine could be considered to be bioequivalent.

73
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DISSOLUTION



. g ATTACHMENT F

| Proposed Dissolution Method and Specifications for Carbatrol™ Capsules
(Carbamazepine Sustained-Release Capsules)

1) Dosage Form: Capsule
2) Strengths: 200 mg and 300 mg strengths
3) Apparatus Type:

4) Media:

5) Volume:
6) Speed of Rotation
7) Sampling Times (hrs):

8) Brief Description of Dissolution Analytical Method: -

9) Recommended Dissolution Specifications:

Time (hr) % Dissoluted
1.0

4.0
6.0
12.0

— | 6 0053




Percent Dissolved

Carbatrol Dissolution Profiles

120

100 |-

80 |-

60 |-

40 |

20 |

1 I 1 1

5 6 7 8

Time, Hours

10

11

12

13

14

15
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i Notebook: |
" Reference |: -
9-Mar-93 Composite
AL-0026/95 Capsule
31-Mar-93 200 mg
AL-0027/54

‘Date of Test £ [Dcup Form|:

15-Sep-94 | Composite |940001A
- AL-0093/72 | Capsule
[9-Sep-94 200 g
AL-0093/94

-Sep-94 | Composite [940002A
AL-0092/31 Capsule
50-Sep-94 200 mg
AL-0092/55

19-8ep-94 | Compesite [940003A
AL-009712 Capsule
19-Sep-94 300 mg
AL-0097/6

19-Jui-95 Composite | 950026
AL1S3/ | Capsule
25-Jul-95 200 mg
AL0L53/46

25-Jul-95 | Composie | 950027
ALO1S2S4 | Capsule
25Jul-95 | 300mg
AL-0153/50

e o L

* This value based on 11 units tested due to sampler error.

l-u‘l'r‘ﬂlla.v VIO

1025 | 22g
307 | 143%
330 | 9.2%
1468 | 34%
662 | 2.8%
T8 | 13%
908 | 2.6%
968 | 2.0
999 | 1.9%
1032 | 1.55 |
27 | 16.5%
361 {1219
9.1 | 61%
I | 6%
818 | 4.0%
91¢ | 3.0%
$6.0 | 2.6%
989 | 15%
102.1 | 1.8%
26 |16.:2%
326 |11.9%
235 | 86%
|69 | 535
| 758 | +4%
L 860 | 379
| 900 | 35%
920 | 329
938 | 429
172 1193%
84 | 1479
423 {10.8%
633 | 66%
765 | 5.9%
9S8 | 47%
986 | 13%
1022 | 25%
1043 | 2.1%
155 | 15.8%
250 | 11.9%
378 | 8.1% 1
566 | 5.6% | -\
685 | 629
820 | 459
92 |51
974 | 25%
101.2% | 1.8%"
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y aTecs ] Dorugs Rangs Meza % | Percess
- 25-Fefl | Lewnemmes [EY R
IAAl Docamng  Ralense B0 LTS
’ campwgbdldl|  Pelics HI | 9%
Cupsule 4946 | 93%
200 mg 60s i 16%
8.+ i 15%
— HE. LR )
12-Feb-¥1 | Susuney- | Y2002 P I 1
|AAl Docusasnd  Redease = a%
|campwil07.cds|  Pellet S i 189%
Caosule 619 | s
200 mg 934 ! su%
1022 ' 6%
(2-Feovl Emerse- $2003 iz 31
JAAl Documeny  Raiense St 15.7%
carpwflScds|  Pellet < 182%
Capsule 562 | 10.6%
D0 mg $0.! | &7%
905 | 0%
928 6%
il H 9%
o%.: 3% |
Slua92 | Sesmnosd- | Y0033 43 1 TS
AL-0002/17 4 | 6%
Peilet . 998 3%
Capsule 1013 | LIS
200 mg 101; | 0%
1020 &
102 ; (9%
032 | 1% .
1033 ¢ 24g |
10~jun-52 | Sustmned- | 920034 %5 | 1%
AL-0002/21 Reicase | 616 | 92%
Peliec i 939 | 3%
Capsule | 98T | 0%
200 mg 94 4%
9.9 195
1005 | 1.4%
1015 | 1.7%
1012 | 1 8%
+-Dee-92 Susuned- | 920094 B2 | 3%
' AL0017/93 | Raiease 477 1 ST%
Pellet 5.7 | 9%
Capsule 895 | 1%
200 mg s | 20%
98.! 1.9
99.7 1 5%
25-Nov-y2 | Sustauned- | 920095 nE | 138%
AL001738 | Release 2.0 | LIS
Pellet 19 | <
Capsule 936 | 355
200 mg 1003 i 4%
1055 § 54%
107< ' 1o
23-0c1-92 | immewate- ; 920077 10.6 2%
. AL001581 | Retease 169 | 61%
Pellet 330 | 49%
Capsuie 88 | 1%
200 mg 569 | 35%
ne | 9%
315 | 19%
L 15 5%
9s.3 ~i%
1022 ' 50%
$=0c1-92 Sustuneo- | Y0074 146 : 05%
AL-0018719 | Release B | 6%
Pellet 0 1%
Capuic PRI IR
200 mg 1000 | %
95.7 | 19%
1019 | 2.0%
973 | 3%
1077 ! 1.9
Z0ct92 | Emenc- | 920076 05 | 395 :
AL001593 | Resease 15 | 2%
Petle p¥ 60%
Cupsuic 32 | 59%
20 mg sd1 | <9%
. v: | iss
949 151%
"%: L%
100.3 | 23%
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DOSAGE FORMS



Dosage Forms

Pharmavene, Inc. has developed a multi-unit extended-release capsule formulation
of carbamazepine (CARBATROL; CBZ-SR; carbamazepine sustained-release) designed to
enable twice daily administration in patients with epilepsy. The multi-unit is composed of
three types of pellet, with each pellet type being combined in a specific ratio within one
capsule. The three types of pellets consist of immediate-release, sustained-release, and
enteric-release pellets, with each capsule containing many pellets of each type. The ratios of
the immediate-release, sustained-release, and enteric-release pellets are identical for each

dosage strength as shown below:

Dosage Strength % of pellets within each CBZ Extended-Release capsule

Immediate-release Sustained-release Enteric-release
200 mg capsule
300 mg capsule

The composition of CBZ Immediate-Release, Sustained-Release and Enteric-Release
pellets, Amount of drug substance and other ingredients contained in the drug product CBZ
Sustained-Release 200 and 300 mg Capsules, Process Overview, and Drug Formulation

Development Summary can be found in the attached Tables.
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CMC Summary Table II. The composition of Carbamazepine Immediate-Release,
Sustained-Release and Enteric-Release Pellets
T SP NS 8 CPercentage of Ingredient™: " »"* ¢ o
. < Intermediates .7l e oo

PR

E Ingredien: - Immediate- |- Sustained-"| Enteric

! IR R . Release | Release | Release -| -

: Carbamazepine, USP 80.0 69.0 69.0
Lactose, NF (Monohydrate)

Citric Acid, USP (Anhydrous)
Povidone, USP

Talc, USP

Povidone, USP

Miéro&ysta.lline Cellulose, NF

Triethyl Citrate

Sodium Lauryl Sulfate, NF
PolyethyTene Glycol 400, NF
Colloidal Silicon Dioxide, NF
Percentage:of Composite Capsule?] <72

3

‘(('(" CMC Summary Table IV. Amount of drug substance and other ingredients
contained in the drug product Carbamazepine Sustained-Release Capsules, 200 mg

Ingrédient Amount ; “'%j;'lj,él',’"}f-;}'f ”
A ‘(mg/capsule) “|.” Capsule
Carbamazepine, USP 200.0
Lactose Monohydrate, NF
Citric Acid, USP (Anhydrous)
Povidone, USP ‘

Talc, USP

Povidone, USP (

Microcrystalline Cellulose, NF

Triethyl Citrate, NF
Sodium Lauryl Sulfate, NF
Polyethylene Glycol 400, NF
Colloidal Silicon Dioxide, NF
Purified Water, USP
Hard Gelatin Capsule
Total’ {
*Removed During Processing :

. **Excluded from percent calculation

B 'For purposes of manufacturing, total was rounded to nearest whole number

———————
—

MEDREG/NDA/SUMMVOL.DOC/ V04/02/96 78
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CMC Summary Table V. Amount and percent of drug substance and other
ingredients contained in the drug product Carbamazepine Sustained-Release

Capsules, 300 mg.

Ingredxent

fhz f;ﬁ,_\.“ I

%0 per. -

ing/capsule) apsule

Carbamazepme, USP

3000 |

Lactose Monohydrate, NF

Citric Acid, USP (Anhydrous)

Povidone, USP

Talc, USP

Povidone, USP

Microcrystalline Cellulose, NF

Triethyl Citrate, NF

- Sodium Lauryl Sulfate, NF

Polyethylene Glycol 400, NF

| Colloidal Silicon Dioxide, NF

Purified Water, USP

Hard Gelatin Capsule

Total

*Removed During Processing

**Excluded from percent calculation
'For purposes of manufacturing, total was rounded to nearest whole number

4. Process Overview

Carbamazepine Sustained-Release Capsules are composed of three different pellet
formulations. The three pellet formulations are Immediate-Release (IR),
Sustained-Release (SR), and Enteric-Release (ER). . The Sustained-Release and
Enteric-Release Pellets are made by coating the Immediate-Release Pellets with
sustained-release and enteric-release coatings.

The intermediate bulk pellets for each of the three pellet formulations are

manufactured at

MEDREG/NDA/SUMMVOL.DOC/ V04/02/96

. 'The manufacturing process

A
D
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Figure 1

Process Overview
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ATTACHMENT C

, DRUG FORMULATION DEVELOPMENT SUMMARY (Cont’d)
Clinical | Product | Finished { Packaged | Dosage Form | Batch Size Formulation or Significant Effect of
. Study Product { Product | and Strength Manufacturing Change (if any) and Change
Number Batch Batch reason for Change
Number | Number . .

101.106 | CBZ SR | 940002 940002A | 200 mg capsule
Capsule

CBZ SR | 940004 940004A | 300 mg capsule
Capsule

CBZ SR | 940002 940002A | 200 mg capsuie
101.107 | Capsule
CBZ SR | 930002 930002A | 200 mg capsule

Capsule

101.108 | CBZ SR | 940002 {940002A | 200 mg capsule
Capsule

101.109 | CBZ SR | 940002 | 940002A | 200 mg capsule
Capsule

CBZ SR | 940004 | 940004A | 300 mg capsule
. Capsule

101.110 | CBZ SR | 940002 |940002A {200 mg capsule
Capsule

CBZ SR | 940004 | 940004A | 300 mg capsule
Capsule

101.112 | CBZ SR 930002 | 930002A | 200 mg capsule
Capsule

CBZ SR | 940001 940001A | 200 mg capsule
Capsule

CBZ SR | 950026 | 950026 200 mg capsule
Capsule

CBZ SR | 940004 | 940004A { 300 mg capsule
101.113 | Capsule
CBZ SR | 950027 | 950027 300 mg capsule

Capsule

MEDREG/NDA/SUMMYOL.DOC/ V03/29/96 G




ATTACHMENT C

’ DRUG FORMULATION DEVELOPMENT SUMMARY
Clinical | Product | Finished | Packaged | Dosage Form | Batch Size Formulation or Significant Effect of
Study Product | Product | and Strength Maanufacturing Change (if any) and Change
Number Batch Batch reason for Change
Number | Number . )
101.101 | IR Peller {92015 92001 | 200 mg capsule |
SR Pellet } 92018 92002 _| 200 mg capsule
ER 92021 92003 | 200 mg capsule
Pellet
i} 101.101B | SR Pellet | 920033 920033 | 200 mg capsule
SR Pellet | 920034 920034 | 200 mg capsule

101.101C | SR Pellet | 920094 | 920094 | 200 mg capsule

SR Pellet | 920095 920095 | 200 mg capsule

101.102 | Tegretol { None 920078 ZOOnj\gtnblet
IR Peliet | 920077 920077 | 200 mg capsule

SR Pellet | 920072 920072 | 200 mg capsule

ER 920076 920076 | 200 mg capsule
Pellet

101.103 | Tegretol | 930006 930021 | 200 mg capsule

Placebo | 930019 800 mg dose
Tegretol | 930006 930022 | 200 mg capsuie
Placebo | 930017 1200 mg dose

Placebo | 930019
Tegretol | 930020 930023 | 200 mg capsuile

Placebo | 930019 1600 mg dose
CBZ SR | 930002 930024 | 200 mg capsule
Capsule 800 mg dose

Placebo | 930019

CBZ SR { 930002 930025 | 200 mg capsule
Capsule 1200 mg dose

Placebo | 930019
CBZ SR | 930002 930026 | 200 mg capsule
Capsule 1600 mg dose

Placebo | 930019
101.104 | CBZ SR | 930002 930039 | 200 mg capsule
Capsule
Depakot | 930038 930040 | 125 mg capsule
¢
Sprinkle ) \

MEDREG/NDA/SUMMVOL.DOC/ V03/29/96 Q2
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IN-VITRO/IN-VIVO CORRELATION



Section 6

G. In Vitro-in Vivo Correlation Study

a. Introduction

| 4
Pharmavene has developed and is seeking approval for a sustained-released dosage form
of carbamazepine: Carbamazepine Sustained-Release Capsules. The dosage form is a
capsule that contains a mixture of three types of components, each demonstrating
different release characteristics. One component is made up of Immediate-Release
Pellets, the second is made up of Sustained-Release Pellets, and the third is made up of
Enteric-Release Pellets. Two strengths have been developed -200 mg-and 300 mg.

An analysis was undertaken to establish the relationship between the 12 hour in vitro
dissolution release profile of the drug and the 72 hour in vivo fraction absorbed profile of
the drug front the Carbamazepine Sustained-Released Capsules. The in vitro data were
generated by a discriminating dissolution procedure. This dissolution procedure
demonstrates both the extended-release properties of the formulation and is sufficiently
discriminating to assess the quality of the product. The in vivo data were obtained from
several single dose pharmacokinetic studies, which were conducted to evaluate the
bioavailability of the Carbamazepine Sustained-Released Capsules. The in vivo fraction
absorbed results are correlated on a point-to-point basis with the in vitro dissolution
release data at five timepoints over the profiles. The in vivo profile time is divided by six
to make it superimposable with the in vitro dissolution profile and provide an USP Level

A correlation.
b. Dissolution Methodology

The dissolution procedure for Carbamazepine Sustained-Release Capsules is carried out



Section 6

Table HOI lists the correlation results for each of the lots evaluated. Table IV lists the

in vitro fraction released and the in vivo fraction absorbed results for each of the drug

product lots used in the evaluation. Figures 3 through 22 are plots of the irvitro Fraction
Released and in vivo Fraction Absorbed (time divided by six) versus time and plots of -
Fraction Absorbed (time divided by six) versus Fraction Released. The correlation results

of the composite Carbamazepine Sustained-Released Capsules, 200 mg and 300 mg and

SR pellet lots 920094 and 920095 indicate that a Level A correlation may be achieved
according to the USP criteria. SR Pellet lots 920033 and 920034 (see Figures 19 through

22) show a poor correlation, particularly through the first 4 hours. These lots were poorly
absorbed and-were not acceptable as components in the composite dosage. formulation. ——

e. Conclusions

Analysis ofsthe in vitro dissolution data with the in vivo drug plasma time profile for the
Carbamazepine Sustained-Released Capsules confirms a Level A correlation according to
the USP criteria. Validation of the manufacturing process at full production scale,
accompanied with future analyses as manufacturing experience is obtained, will provide
the opportunity for confirmation of the results reported in this study. As future
manufacturing changes are proposed, the in vitro dissolution method may be a potentially
useful predictive tool for the in vivo performance of the Carbamazepine Sustained-
Released Capsules.



Section 6

Table IV. In vitro Fraction Released and in vivo Fraction Absorbed (Time Transformed

t/6) Data for Vanous Lots of Carbamazepine Sustamed-Released d Capsules,

Continued...

~ 0
1
31-Mar-93 | Sustained-Release 2
AL-0027/54 | Capsule, 200 mg ) 4
8
12
22-Sep-94+ Composite 940002 0 12
AL—009W§1 Carbamazepine 1
30-Sep-94 | Sustained-Release 07 2
AL-0092/55 | Capsule, 200 mg 4
8
12
15-Sep-94 Composite 940001 0 12
AL-0093/72 | Carbamazepine 1
19-Sep-94 |Sustained-Release| ' & 2
AL-0093/94 | Capsule, 200 mg 4
8
12
19-Jul-95 Carbamazepine | 950026 0 12
AL-0153/9 |Sustained-Release o 1
25-Jul-95 Capsule, 200mg | ! 2
AL -0153/46 4
8
12
19-Sep-94 Carbamazepine | 940004 0 12
AL-0097/2 |Sustained-Release 1
19-Sep-94 | Capsule, 300 mg s 2
AL-0097/6 , 4 -
' 8
12




Section 6

Figure 1. Mean Plasma Level plot for Lot 930002, Pharmacokinetic Study 101.107

Carbamazepine Mean Plasma Level vs. Time
for Lot 930002, PK Study 101.107 »

Carbamazepine Concentration
{ug/mL)

0 50 100 150 200 - 250

Time (hours)

—e— Lot 930002

Figure 2. Wagner-Nelson Plot of Lot 930002, Pharmacokinetic Study 101.107

930002 Wagner-Nelson Plot
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v

Fraction Absorbed
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Section 6

Figure 5. In vitro-in vivo Plot of Lot 940002, Pharmacokinetic Study 101.107

Carbatrol Lot 940002
In-vitro/In-vivo Data ) -

09 1+
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oW 4 . ; .
0 2 4 6 8 10 12
Time (hrs)

—<&— In vivo (time transformed (¥/6)) —— In vitro

Fractlon Released/Absorbed

Figure 6. Fraction Absorbed vs. Fraction Released, Lot 940002, Pharmacokinetic Study
101.107 '

Carbatrol Lot 940002
Fraction Absorbed vs. Fraction Released
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Section 6

Figure 9. In vitro-in vivo Plot of Lot 950026, Pharmacokinetic Study 101.112

Carbatrol Lot 950026
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Figure 10. Fraction Absorbed vs. Fraction Released, Lot 950026, Pharmacokinetic S tudy

101.112

Carbatrol Lot 950026
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Section 6

Figure 13. In vitro-in vivo Plot of Lot 950027, Pharmacokinetic Study 101.113

Carbatrol Lot 950027 —_
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Figure 14. Fraction Absorbed vs. Fraction Released, Lot 950027, Pharmacokinetic Study
101.113

Carbatrol Lot 950027
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Section 6

Figure 17. In vitro-in vivo Plot of Lot 920095, Pharmacokinetic Study 101.101C

Carbatrol Lot 920095
In-vitro/In-vivo Data
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Figure 18. Fraction Absorbed vs. Fraction Released, Lot 920095, Pharmacokinetic Study

101.101C
Carbatrol Lot 920095
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Section 6

Figure 21. In vitro-in vivo Plot of Lot 920034, Pharmacokinetic Study 101.101B

Carbatrol Lot 920034 -
In-vitro/ln-vivo Data
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Figure 22. Fraction Absorbed vs. Fraction Released, Lot 920034, Pharmacokinetic Study
101.101B
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FDA ANALYSIS

CARBAMAZEPINE SR COMPOSITE PELLET FORMULA (IR+SR+EC)
STUDY PI 101.112 — A Three Formulation Comparison Study

. IN VIVO
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CARBATROL NDA No. 20-712

CARBAMAZEPINE SUSTAINED-RELEASE CAPSULES
PATENT CERTIFICATION STATEMENT

U.S. Patent No. 5,326,570

U.S. Patent No. 5,326,570 (issued July 5, 1994) covers the concept of Pharmavene’s
product, Carbamazepine Sustained-Release Capsules. This patent was issued before
GATT regulations came into effect on June 7, 1995. The ultimate patent term is
uncertain at this time, but it will be in force until at least July 5, 2011, and possibly until
July 23,2011. In addition, a Continuation-in-Part, extending the claims of the original
patent was filed with the United States Patent and Trademark Office on April 21, 1995

and is pending.

-

MED&REGINDA2PATCERT.DOC\ VOA\18\96 , page 1 of 8



000 O O O A

. US005326570A
United States Patent s (1] Patent Number: 5,326,570
Rudnic et al. ' ‘ . 451 Date of Patent: Jul. 5, 1994
(4] ADVANCED DRUG DELIVERY SYSTEM (56) References Cited

AND METHOD OF TREATING

PSYCHIATRIC, NEUROLOGICAL AND U.S. PATENT DOCUMENTS

OTHER DISORDERS WITH 4606909 8/1986 Bechgaard et al. ........... 424/481

CARBAMAZEP 4,794,001 12/1988 Mehw et al. .....urcvvccieceneeens 4247457

INE 4,801.460 1/1989 Goertz et al. ..coveecrvrereecee. 4247465

4,857.336 8/1989 Khannaetal. ..eoeeecaeaneene 424/486

[75] Inventors: Edward M. Rudnic, Gaithersburg; 4942182 7/1990 Weiss et al. cooeeereeree 424710
: 4,980,170 12/1990 Schneider et al. ... 424/45]

Gr'Mu"d' W. Belendink, Potomac. both 5.009.894 471991 HSISO vovveromreoreoomecerromrenrre 4247451

of Ma. 3.023.272 6/1991 Burch et sl oeoommmmeneee S447152

. Primary Examiner—Thurman K. Page
[73] Assignee: Pharmavene, Inc., Gaithersburg, Md. | ({sxistanr Examiner—James M. Spear
" Atforney, Agent. or Firm—Elliot M. Olstein; Susan A.

[21] Appl No.: 734,541 Capello
(57 ABSTRACT
[22] Filed: Jul. 23, 1991 The present invention relates to a composition and
method of treating a patient by administering carbamaz-
epine in a pharmaceutical dosage form capable of main-
[51] Int. Q1S A61K 9/54  taining the patient’s blood concentration at from about
[s2] US.CL 424/458; 424/451; 4 ug/ml to about 12 ug/mil over at least a 12 hour per-

424/452; 424/457; 424/459; 424/465; 424/468; iod. where the blood concentration of carbamazepine
424/469; 424/489; 424/490 does not vary by more than 60 percent.

[58] Field of Search ............... 424/451, 465, 457, 489,
424/459, 458, 468, 469, 490, 452; 544/152 28 Claims, 1 Drawing Sheet
coating ¥ COATING % 2

SR PELLET SR PELLET

IR PELLET

WITH WITH WITH
DISSOLUTION DISSOLUTION pH=CONTROL
ENHANCEMENT, ENHANCEMENT, EROSION § DISS

PELLET A PELLET B PELLET C

PERCENT DISSOLVED
PELLET A - PELLET 8 PELLET C

100

80

60

40

20

TIME (MOURS)

DOSAGE FORM COMPONENTS
AND TARGET DISSOLUTION

page 2 of 8



Consult #694 (HFD-120)
CARBATROL carbamazepine sustained release capsules

The Committee notes the following look-alike/sound-alike conflicts with the
proposed proprietary name: CAPITROL, CARTROL, carbachol. However, these other
medications are available either OTC, in other dosage forms, or in different strengths
therefore little confusion is expected. The USP no longer lists sustained release as a
dosage form descriptor and instead is using “‘extended release”. The appropriate
established name for the drug should be (cabamazepine extended release capsules).

The Committee has no reason to find the proposed proprietary name unacceptable.

]‘)W U/18/6 chair

CDER Labeling an[ﬂ Nomenclature Committee




EXCLUSIVITY SUMMARY for NDA # 20-712 SUPPL#___

Trade Name _Carbatrol® Generic Name: carbamazepine extended release capsules
Applicant Name Pharmavene Inc, HFD- 120

Approval Date

PART I IS AN EXCLUSIVITY DETERMINATION NEEDED?

1.

An exclusivity determination will be made for all original applications, but only for
certain supplements. Complete Parts Il and |1l of this Exclusivity Summary only if
you answer "yes" to one or more of the following questions about the submission.

a) Isitan ori%inal NDA?
ES / X/ NO/__/

Please note that this application was submitted pursuant to CFR 314.50 as a
505(b)(2) application with cross-reference to NDA 16-608 (T egretol tablets).

b) Is it an effectiveness supplement?
YES /__/ NO /_X_/

If yes, what type? (SE1, SE2, etc.)

c) Did it require the review of clinical data other than to support a safety claim
or change in labeling related to safety? (If it required review only of
bioavailability or bioequivalence data, answer "no.")

YES/ |/ NO/ X_/

If your answer is "no" because you believe the study is a bioavailability study
and, therefore, not eligible for exclusivity, EXPLAIN why it is a bioavailability
study, including your reasons for disagreeing with any arguments made by

the applicant that the study was not simply a bioavailability study.

If it is a supplement requiring the review of clinical data but it is not an
effectiveness supplement, describe the change or claim that is supported by
the clinical data:

d) Did the applicant request exclusivity?
YES/ __/ NO/_X_/

If the answer to (d) is "yes," how many years of exclusivity did the applicant
request?

IF YOU HAVE ANSWERED "NO" TO ALL OF THE ABOVE QUESTIONS, GO DIRECTLY
TO THE SIGNATURE BLOCKS ON PAGE 8.

Form OGD-011347 Revised 8/7/95; edited 8/8/95
cc: Original NDA Division File HFD-85 Mary Ann Holovac



2. Has a product with the same active ingredient(s), dosage form, strength, route of
administration, and dosing schedule previously been approved by FDA for

YES/ / NO /_X_/

Please note that Tegretol XR Tablets (NDA 20-234; approved 3/25/96)) is
similar. It contains the same active ingredient, has 1 same strength (200mg),
is orally admininistered, and has the same dosing schedule as Carbatrol. The
difference between the 2 products is the dosage form. The Carbatrol dosage
form is capsule; Tegretol XR is tablet.

If yes, NDA #

IF THE ANSWER TO QUESTION 2 IS "YES," GO DIRECTLY TO THE SIGNATURE
BLOCKS ON PAGE 8.

Drug Name

3. Is this drug product or indication a DES! upgrade?
YES/ / NO/_X_/

IF THE ANSWER TO QUESTION 3 IS "YES," GO DIRECTLY TO THE SIGNATURE
BLOCKS ON PAGE 8 (even if a study was required for the upgrade).

Page 2



PART Il FIVE-YEAR EXC
(Answer either #1 or #2, as appropriate)

1. Single active ingredient product.

Has FDA previously approved under section 505 of the Act any drug product
containing the same active moiety as the drug under consideration? Answer "yes"
if the active moiety (including other esterified forms, salts, complexes, chelates or
clathrates) has been previously approved, but this particular form of the active
moiety, e.g., this particular ester or salt (including salts with hydrogen or
coordination bonding) or other non-covalent derivative (such as a complex, chelate,
or clathrate) has not been approved. Answer "no" if the compound requires
metabolic conversion (other than deesterification of an esterified form of the drug)
to produce an already approved active moiety.

YES /_X_/ NO/__/

If "yes," identify the approved drug product(s) containing the active moiety, and, if
known, the NDA #(s).

NDA # _16-608 Tegretol tablets

NDA # _18-281 _Tegretol Chewable tablets
NDA # __18-927 _Tearetol Suspension
NDA # _20-234 _Tegretol XRtablets

2. Combination product.

If the product contains more than one active moiety (as defined in Part Il, #1), has
FDA previously approved an application under section 505 containing any one of
the active moieties in the drug product? If, for example, the combination contains
one never-before-approved active moiety and one previously approved active
moiety, answer "yes." (An active moiety that is marketed under an OTC
monograph, but that was never approved under an NDA, is considered not
previously approved.)

YES/__/ NO /_X_/

If "yes," identify the approved drug product(s) containing the active moiety, and, if
known, the NDA #(s).

NDA #
NDA #
NDA #

IF THE ANSWER TO QUESTION 1 OR 2 UNDER PART Il IS "NO," GO DIRECTLY TO
THE SIGNATURE BLOCKS ON PAGE 8. IF "YES," GO TO PART Iil. _

Page 3 .



PART lll THREE-YEAR EXCLUSIVITY FOR NDA'S AND SUPPLEMENTS

To qualify for three years of exclusivitﬁ, an application or supplement must contain "reports
of new clinical investigations (other than bioavailability studies) essential to the approval
of the application and conducted or sponsored by the applicant." This section should be
completed only if the answer to PART I, Question 1 or 2, was "yes."

1. Does the application contain reports of clinical investigations? he Agency
interprets "clinical investigations” to mean investigations conducted on humans
other than bioavailability studies.) If the application contains clinical investigations
only by virtue of a right of reference to clinical investigations in another apphcation,
answer "yes," then skip to question 3(a). If the answer to 3(a) is "yes" for any
investigation referred to in another application, do not complete remainder of
summary for that investigation.

YES /. X_/ NO/ _/
IF "NO," GO DIRECTLY TO THE SIGNATURE BLOCKS ON PAGE 8.

2. A clinical investigation is "essential to the approval” if the Agency could not have
approved the application or supplement without relying on that investigation. Thus,
the investigation is not essential to the approval'if 1) no clinical investigation is
necessary to support the supplement or application in light of previously approved
applications (i.e., information other than clinical trials, such as bioavailability data,
would be sufficient to provide a basis for approval as an ANDA or 505(b)(2)
application because of what is already known about a previously approved product),
or 2) there are published reports of studies (other than those conducted or
sponsored by the applicant) or other publicIY available data that independently
would have been sufficient to support approval of the application, without reference
to the clinical investigation submitted in the application.

For the purposes of this section, studies comparing two products with the same
ingredient(s) are considered to be bioavailability studies. ,

(a) In light of previously approved applications, is a clinical investigation (either
conducted by the applicant or available from some other source, including

the published literature) necessary to support approval of the application or
supplement?

YES/ J NO /_X_/

If "no," state the basis for Kour conclusion that a clinica! trial is not necessary
for approval AND GO DIRECTLY TO SIGNATURE BLOCK ON PAGE 8:

This is a bioequivalency based approval.

Page 4



(b)

(c)

Did the applicant submit é list of published studies relevant to the safety and
effectiveness of this drug product and a statement that the publicly available
data would not independently support approval of the application?

YES /_/ NO/__J

(1) If the answer to 2(b) is "yes," do you personally know of any reason
;f‘) élisagree with the applicant's conclusion? If not applicable, answer

YES/ / NO/_/

If yes, explain:

(2)  Ifthe answer to 2(b) is "no,” are you aware of published studies not
conducted or sponsored by the anlicant or other publicly available
data that could independent ;/ demonstrate the safety and
effectiveness of this drug product?

YES/_ _/ NO/_/

If yes, explain:

If the answers to (b)(1) and (b)(2) were both "no," identify the clinical
investigations submitted in the application that are essential to the approval:

Investigation #1, Study #
Investigation #2, Study #
Investigation #3, Study #

Page 56



In addition to being essential, investigations must be "new" to support exclusivity.
The agency interprets "new clinical investigation” to mean an investigation that 1)
has not been relied on by the agency to demonstrate the effectiveness of a
previously approved drug for any indication and 2) does not duplicate the results of
another investigation that was relied on by the agency to demonstrate the
effectiveness of a previously approved drug product, i.e., does not redemonstrate
something the agency considers to have been demonstrated in an already
approved application.

a) For each investigation identified as "essential to the approval," has the
investigation been relied on by the agency to demonstrate the effectiveness
of a previously approved drug product? “(If the investigation was relied on
only to support the safety of a previously approved drug, answer "no.")

- Investigation #1 YES/__/ NO/_/

Investigation #2 YES/__/ NO/_/

If you have answered "yes" for one or more investigations, identify each such
investigation and the NDA in which each was relied upon:

“No” is the answer for both investigations.
NDA # Study #

NDA # Study #
NDA # Study #

b) For each investigation identified as "essential to the approval," does the
investigation duplicate the results of another investigation that was relied on
by the agency to support the effectiveness of a previously approved drug

product?
Investigation #1 YES/__/ NO/_/
Investigation #2 YES/__/ NO/_/

If you have answered "yes" for one or more investigations, identify the NDA
in which a similar investigation was relied on:

“No” is the answer for both investigations.
NDA#____ Study#

NDA # Study #
NDA # Study #

c) If the answers to 3(a) and 3(b) are no, identify each "new" investigation in the
application or supplement that is essential to the approval (i.e., the
investigations listed in #2(c), less any that are not "new"):

Investigation #1,Study #

Investigation #2, Study #

Page 6



To be eligible for exclusivity, a new investigation that is essential to approval must
also have been conducted or sponsored by the applicant. _An investigation was
"conducted or sponsored by" the aﬁplicant if, before or during the conduct of the
investigation, 1) the applicant was the sponsor of the IND named in the form FDA
1571 filed with the Agency, or 2) the applicant (or its predecessor in interest)
provided substantial support for the study. Ordinarily, substantial support will mean
providing 50 percent or more of the cost of the study.

a) For each investigation identified in response to question 3(c): if the
investigation was carried out under an IND, was the applicant identified on
the FDA 1571 as the sponsor?

Investigation #1 AN094-001

IND # YES/__/ NO/__/
Explain:

Investigation #2 AN094-003

IND # YES/ / NO/__/
Explain:

(b)  Foreach investigation not carried out under an IND or for which the applicant
was not identified as the sponsor, did the applicant certify that it or the
appliq?ant's predecessor in interest provided substantial support for the
study”

YES/_/ NO/__ /

Page 7



(c)  Notwithstanding an answer of "yes" to (a) or (b), are there other reasons to
believe that the applicant should not be credited with having "conducted or
sponsored"” the study? (Purchased studies may not be used as the basis for
exclusivity. However, if all rights to the drug are purchased (not just studies
on the drug), the applicant may be considered to have sponsored or
conduct)ed the studies sponsored or conducted by its predecessor in
interest.

YES/__/ NO/__/

if yes, explain:

AM%M-M U War a:{zx(e;
‘Aa que¢line H. Ware, Pharm.D. Date

oject Manager, NDA 20-648
s fr2

Paul Leber, M.D. Date
Director
Division of Neuropharmacological Drug Products

cc:  Original NDA 20-648
HFD-120/Division File
HFD-85 Mary Ann Holovac

file:c:\carbexcl.wpc
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PEDIATRIC PAGE

(Complete for all original applications and all efficacy supplements)

NDA # 20-712 Supplement # Circle one: SE1; SE2, SE3, SE4, SE5, SE6

HFD-120 Trade (generic) name/dosage form: Carbatrol® (carbamazepine sustained release)
Capsules

Action: AP AE NA Applicant _Pharmavene inc, Therapeutic Class _3S

Indication(s) previously approved: None
Pediatric labeling of approved indication(s) is adequate _X inadequate ___

Indication in this application:_Epilepsy - partial seizures with complex symptomatology

chomotor | rali i onic sejzures i rns which

lu he abov r i nerali ei

(For supplements, answer the following questions in relation to the proposed indication.)

X 1. PEDIATRIC LABELING IS ADEQUATE. Appropriate information has been submitted in this or previous
applications and has been adequately summarized in the labeling to permit satisfactory labeling for all pediatric subgroups.

Further information is not required.
1

2. PEDIATRIC STUDIES ARE NEEDED. There is potential for use in chiidren, and further information is required

to permit adequate labeling for this use.

_a. A new dosing formulation is needed, and applicant has agreed to provide the appropriate formulation.
b. The applicant has committed to doing such stuilies as will be required.

— (1) Studies are ongoing.

___(2) Protocols were submitted and approved.

___(3) Protocols were submitted and are under review.

——(4) If no protocol has been submitted, explain the status of discussions on the back of this form.

c. If the sponsor is not willing to do pediatric studies, attach copies of FDA's written request that such studies be
done and of the sponsor's written response to that request.

3. PEDIATRIC STUDIES ARE NOT NEEDED. The drug/biologic product has little potential for use in children.
Explain, on the back of this form, why pediatric studies are not needed.

4. EXPLAIN. If none of the above apply, explain, as necessary, on the back of this form.

EXPLAIN, AS NECESSARY, ANY OF THE FOREGOING ITEMS ON THE BACK OF THIS FORM.

Coprsttics, Y- 40 Cormicts st 2/2/92

Sigr‘éture of Pr’eparer and Title (PM, CSO, MD, other) Date

cc:Orig NDA

HFD-120/Div File

NDA Action Package

HFD-510/GTroendle (plus, for CDER APs and AEs, copy of action letter and labeling)

NOTE: A new Pediatric Page must be completed at the time of each action even though one was
prepared at the time of the last action.
3/96



CARBATROL NDA No. 20-712

CARBATROL
(CARBAMAZEPINE SUSTAINED-RELEASE CAPSULES)
DERBARMENT CERTIFICATION STATEMENT

In the opinion and to the best knowledge of Pharmavene, Inc., there are no investigators,
or any other individuals, that were involved with the submission of this New Drug
Application who have been the subject of debarment activity by the Food and Drug

Administration.

T

/ S ' 7 .
KN fptidecimDa

April 18, 1996

Richard N. Williams, Ph.D.
Director, Regulatory Affairs

MED&REG\WNDA2\DEBCERT DOC\ VO4\18\96



Memorandum Department of Health and Human Services

Public Health Service
Food and Drug Administration
Center for Drug Evaluation and Research

DATE: March 19, 1997

FROM: Paul Leber, M.D.
Director,
Division of Neuropharmacological Drug Products
HFD-120

SUBJECT: Carbatrol NDA Approvabie Action

TO: File NDA 20-712

Division’s decision to declare Pharmavene's NDA 20-712 for Carbatrol (a
“sustained release” formulation of carbamazepine) approvable for use as
in the management of epilepsy and trigeminal neuralgia. The NDA has been
evaluated under the provisions of Section 505[b][2] of the FD&C Act.

Background:

A number of carbamazepine containing products (oral immediate release,
oral chewable, and an oral suspension) are marketed for use in the
management of epilepsy and trigeminal neuralgia.  Ciba Geigy’s Tegretol
Tablet [NDA 16608] is the innovator product(1974 approval); generic
versions of the tablet and chewable tablet have been- available for 11 and
9 years respectively. A “sustained release” formulation of CBZ, Tegretol
XR, is also marketed, approved on the basis of clinical pharmacokinetic
studies that were deemed to show it ‘bioequivalent’ to the innovator
product.

Foliowing oral administration, CBZ and CBZE (carbamazepine 10,11-
epoxide) appear in the systemic circulation. Based on findings in animal
PD models, the two species are believed to have equal antiepileptic
potency on a molar basis. Accordingly, in regard to therapeutic
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equivalence! at least, the clinician would be largely indifferent as to the
proportion of each species present as long as the sum of CBZ and CBZE
were the same2. |t is of relevance to the current application that this
logic was relied upon in evaluating the evidence bearing on the approval of
Tegretol XR. Although the 90% CI for the ratio of CBZE concentration
following Tegretol XR to that following Tegretol for both Cmax and Cmin
fell below the lower limit ordinarily required to declare two products
bioequivalent( within the limits of 0.8 to 1.25), Tegretol XR was deemed
bioequivalent because the sum of the concentrations of CBZ+CBZE for the
two products were within the limits specified for considering them
indistinguishable).

When its determination concerning Tegretol XR was made, however, the
Office was unaware (as was the Division) that OGD’s strategy for
evaluating generic CBZ formulations considers only their capacity to
deliver CBZ. The explanation for OGD’s approach, as provided in
Mohammad Hossain’s 3/4/97 memorandum to me concerning the topic, is
as follows. OGD is persuaded by literature reports that CBZE is not
formed through a presystemic clearance mechanism (i.e., AUCs for CBZ
following oral and parenteral administration of equimolar doses are the
same). Thus, any difference in systemic CBZE concentrations in the
presence of bioequivalent concentrations of CBZ following the oral
administration of two CBZ oral products cannot attributable, in OGD’s

1 Whether or not this statement is a fair one depends upon the frame of
reference. The two species could be equipotent vis a vis their antiepileptic activity,
but not in regard to their potential to cause untoward effects. While important to
the final approval decision, the difference in capacity to cause adverse events at
equivalent levels of exposure is irrelevant in making a determination as to whether
the data show the new product to be effective in use.

2 This argument by no means covers all possible situations. For example, if,
arguendo, CBZ and CBZE were cleared at different rates, the rate at which systemic
AED activity would be lost following discontinuation of treatment might differ as a
function of the proportion of each species present. It seems, however, at least
within the accuracy we have to measure them, that the half-lives of CBZ and CBZE
are very similar, 35 to 40 hours following a single dose. Comparisons after repeated
dosing are less meaningful because CBZ induces its own metabolism and between
subject differences confound the evaluation.



Leber: Carbatrol NDA 20-712 Approvable Action memorandum page 3

view, to a difference in formulation behavior, but are best explained by
intra or inter subject variability3.  Their argument has considerable
logical force, but turns on the implicit assumption that CBZ released in
the GI tract by the new formulation is no more subject to presystemic
clearance than the innovator standard. While this seems a reasonably safe
assumption, it is not a logical nor biological necessity4.

In any case, when the current application was received, staff in the
Division of Pharmaceutical Evaluation | (HFD-860) to whom it was
assigned, recognized, correctly, that the strategies employed by ODE 1 and
OGD to assess bioequivalence differed fundamentally.

Current Submission.
Evidence of Effectiveness in use:

Once the basis for OGD’s strategy for assessing bioequivalence was
articulated, DNDP agreed that Carbatrol’s effectiveness for use could be
established if, under the conditions of recommended use, it could be
shown to deliver the same quantity of CBZ (as judged by the limits of the
90% CI on the ratio of AUCs for the 2 products, i.e., 0.8 to 1.25) as
equimolar doses of the reference product, provided it did so with equal or

3 The fact that CBZ induces its. own metabolism is further reason to accept
greater variability in CBZE levels because the latter are likely to reflect intrinsic
differences within subjects over time in their capacity to convert CBZ to CBZE, and,
therefore, are a poor choice for an indicator of each product’s capacity to provide
equivalent amounts of CBZ to the absorptive surface of the bowel, and, in the
absence of presystemic clearance, to the systemic circulation.

4 Conceivably, an extended or delayed release formulation might cause
delivery of a drug substance to more distal portions of the bowel than the innovator
reference formulation ordinarily does. If that more distal section had a capacity to
metabolize CBZ that was not present in more proximal bowel, the OGD's
assumption would be invalidated. An absolute bio study of the new product could
easily resolve any residual doubt about this matter. In the present case, however,
equal molar doses of the drug products being compared are equally bioavailable in
regard to CBZ levels and there would be no way to explain this, given equal or lower
levels of CBZE for the extended release product, if it were subject to first pass
metabolism and the comparator standard release was not.
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less plasma CBZ fluctuation (Cmax - Cmin/Cavg).

The sponsor has provided a report of a PK study that documents the
standard has been met, thereby establishing that Carbatrol will be

effective in use as recommended for the same claimed uses as the

innovator, Tegretol.

Study 101.103, a classic 2 period counter-balanced cross over design,
evaluated 24 epileptic subjects dosed for 14 days (the length of a period)
with either Carbatrol given bid or Tegretol gid. The doses examined
included 800, 1200 and 1600 mg/day; the analyses showed that whether
considered in terms of free or total CBZ levels, the ratio rule was met

. over the course of a 24 hour day.

Additional PK studies were conducted, but these served only to provide
estimates of Carbatrol’'s performance; none compared it to the innovator.

The NDA also includes the results of a clinical trial that serves as an
independent source of evidence of Carbatrol’s effectiveness in use.

STUDY 101.104 is a multiclinic (all in Poland), randomized, active
control, investigation, that compared Carbatrol (800, 1200 and 1600
mg/day) with valproate (500-1000 mg/day), each given on a bid regimen.
The study was conducted in patients receiving CBZ as monotherapy or in
combination with no more than one other AED. After a 30 day baseline
period, patients were randomized to their assigned treatment groups and
converted, over a period of 3 to 8 weeks to their final intended dose level
(time to final dose varied because dose was escalated accordingly to fixed
schedule). The randomized comparison phase of the trial was 12 weeks in
duration, 3 to 8 weeks of which were used for titration. Outcome was
assessed in terms of the proportion of patients in treatment meeting
outcome criteria. The results were statistically significant, favoring
Carbatrol over valproate, not only in regard to the primary analysis, but in
terms of time to outcome using a log-rank analysis.

Given the 505[b][2] status of the application, however, the findings of
STUDY 101.104 are irrelevant to the Division's assessment of
Carbatrol's efficacy in use which turns exclusively on its functional
‘bioequivalence’ to the innovator product as a source of carbamazepine.
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Safety:

Dr. McCormick, the primary clinical neurology reviewer assigned to the
application notes that actual reports of clinical experience with Carbatrol
are limited. Given the 505[b][2] nature of the application this is expected.
In fact, from the perspective of a generic approval, the number is quite
large. In any event, there are but 350 or so “distinct” individuals who
have been exposed to Carbatrol. Among these, only 120 or so were exposed
for 24 weeks or longer at a dose of 400 mg or greater. The experience is
unremarkable in light of the known risks of carbamazepine.

Conclusion:

Based upon the demonstration of its bioequivalence to Tegretol Tablets in
a clinical PK study and upon the evidence justifying the agency’s approval
of the NDA for the innovator AED, Tegretol, the Carbatrol NDA may be
approved under the requirements of section 505[b][2] of the FD&C Act.

Action to be taken:

Issuance of an approvable action letter.

Paul Leber, M.D.
March 19, 1997
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