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Ciba Pharmaceuticals
Ciba-Geigy Corporation
Attention: Adrnan L. Birch
556 Morris Avenue
Summit, NJ 07901

Dear Mr. Birch:

Please refer to your new drug application of October 31, 1991, submitted under section 505(b) of
the Federal Food, Drug, and Cosmetic Act for Tegretol®-XR (carbamazepine extended release
tablets) 100 mg, 200 mg, and 400 mg tablets.

We acknowledge receipt of the following amendments:

December 28, 1995 January 29, 1996 January 20, 1996
February 6, 1996 February 8, 1996 February ¢, 1996
March 15, 1996

We have completed the review of this application and have concluded that adequate information
has been presented to demonstrate that the drug is safe and effective for use as recommended in
the final printed labeling submitted on February 6, 1996. Accordingly, the application is
approved effective on the date of this letter.

As you were notified in the telephone conversation of February 21, 196, between Steven D.
Hardeman, of this Division and Ms. Mara Stiles of your firm, the Office of Clinical
Pharmacology and Biopharmaceutics has established revised Q values for the interim dissolution
specifications. The revised values are:

3 hours
6 kours
12 hours
24 hours

Please note that we have incorporated the wider ranges that you have requested with the
exception of the lower limit of the 12-hour point and the upper limit of the 6-hour pvint. We
believe that it is necessary to maintain the lower lirrit of the 12-hour point at 65% to ensure that
patients receive the expected total dose. (If the tablet is not sufficiently dissolved at 12 hours, it
is possible that it could be eliminated before the full dose is released). It should be noted that
with these revised specifications. none of the 20 production batches and none of the 11
developmental lots for which you have submitted data would potentiaily fail based on having
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mean values outside of the proposed specifications. In addition, only six of the production
batches would require testing to the £2 or 83 level.

Once you have generated the requested data on 12 tablets of each strength from three consecutive
production batches, please forward the result to the Agency so that final specifications can be
established.

We note that you have committed to conduct and complete a revalidation for each of the three
strengths of Tegretol®-XR, processed at target conditions, including granulation, compression,
coating, laser drilling and drying operations.

Validation of the regulatory methods has not been completed. At the present time, it is the policy
of the Center not to withhold approval because the methods are being validated. We note your
commitment to continued cooperation in this matter,

We remind you that you must comply with the requirements for an approved NDA set forth
under 21 CFR 314.80 and 314.81.

If you have any questions, please contact Steven D. Hardeman, R.Ph., Regulatory Management
Officer, at (301} 594-2777.

Sincerely yours,

Robert Temple, M.D.

Director

Office of Drug Evaluation I

Center for Drug Evaluation and Research
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Tegretol® s

carbamazepine USP

Chewabin Tablets of 100 my - red-apeckied, pink
Tabiss of 200 myg - pink

Suspension of 100 mg/5mL
Tegretol®-XR

{carbamazepine exiended-release tablets)
100 mg, 200 my. 400 mg

Prescribing Information

WARNING
APLASTIC ANEMIA AND AGRANULOCYTOS!IS HAVE BEENREPORTED IN ASSO-
CIATION WITH THE USE OF TEGRETOL. DATA FROM A POPULATION-BASED
CASE CONTROL STUDY DEMONSTRATE ThAT THWE RISK OF DEVELOPING
THESE REACTIONS 15 5-8 T.MES GREATER TmAN IN THE GENERAL POPULA-
TION HCWEVER. THE OVERALL RISK OF THESE REACTIOMS IN THE UN.
TREATED GENERAL POPULATION IS LOW, APPROXIMATELY 51X PATIENTS
PERONE M'LLIOGN POPULATION PER YEAR FOR AGRANULOCYTOSIS AND TWO
PATIENTS PER ONF. MILLION POPULATION PER YEAR FOR APLASTIC ANEMIA
ALTHOUGH REPORTS OF TRANSIENT OR PERSISTENT DECREASED
PLATELET OR WHITE BLOOD CELL COUNTS 422 NOT UNCOMMON IN ASSO-
CIATION W!ITH THE USE OF TEGRETOL. DATA aRE NOT AV/'LABLE TO ESTI-
MATE ACCURATELY THEIR INCIDENCE OR OL "COME. HOWEVER, THE VAST
MAJCRIT'? OF THE CASES OF LEUKOPENIA HAVE NOT PROGRESSED TO THE
MORE SERIOUS CONDITIONS OF APLASTIC ANEMIA OR AGRANULDCYTOSIS
BECAUSE OF THE VERY LOW INCIDENCE OF AGRANULOCYTOSIS AND
APLASTIC ANEMIA THE VAST MAJORITY OF MINDR HEMATOLOGIC CHANGES
OBSERVED IN MONITQRING OF PATIENTS ON TEGRETOL ARE UNLIKELY TO
SIGNAL THE QCCURRENCE OF EITHER ABNORMALITY NONETHELESS, COM-
PLETE PRETREATMENT HEMATOLOGICAL TEETING SHOULDBE QBTAINED AS
ABASELINE. {F APATIENT IN THE COURSE OF TREATMENT EXHIBITS LOW OR
DECREASED WHITE BLOOD CELL QR PLATELET COUNTS. THE PATIENT
SHOULD BE MONITORED CLOSELY. DISCONTINUATION OF THE DRUG
SHOLILD BE CONSIDERED iF ANY EVIDENCE OF SiNIFICANT BONE MARROW
DEPRESSION DEVELOPS,

Belore prescribing Tegretal, ‘e physician should be thoroughly familiar with the
dettils of this prascribing information, particularly ‘egarding use with other drugs,
sspecially those which sccentuate toxicity potential.

DESCRIPTION

Teg 10, carpamazaping USP, 1§ an antconvuisant an2 speciic anaigesic for tngeminal
nevraigia, avaiable for oral aominisitation as chewatne tatiets of 100 mg, fabiets of 200 mg. XR
tabiels of 100, 200, and 400 1mg. and as a suspension of 100 mg/S5mL (teaspoon). Its cnermucal
narng 1s SHhdibenz{d flazepine-S-caiboxamiae, and its struglural 1omula is

ofle

CONK,

- Cersamazapine USP s 8 whits 1o o%-whils powder, Drachcally NSO i walsr 3G 50luble
in AICOMO! and 1N acetont . s MOacular weight s 236.27
‘nactve Ingrecients. Tablets. Colindal sihcon doxioe. DAC Red No. 30 Aluminum Lake
(chewable tapiets oniy), FDAC Red No 40 (200-mg 1abiets only). fiavonng (chewable tabiets
only). gelatin, glyCann, MIQNAS. LM staarate. SOOiILM SIATCh QlyCOlaty (chewabie tabiats Ony),
starch sreanc acd. And sucrose {(Chewal e tablets only). Suspension: Cinc and, FDAC Yellow
No 6. favoung. potymer, polassium sorbate, propylane gly=ol, punhed water, sortetol. sucrose,
and xanthan gum  Tegrelo!-XK (apl(1s. Selulose compounds, dexirates. ifon oudes, magne-
siuUm stasrate, Manmuiol, poiyethylene giycol, soCium laury! suliate. ttanum dioxde (200-mg
latets only).

CUINICAL PHARMACGLOGY

in conirolied chnical tnals, Tegreton has besn shown 10 be eMactive m the treatmen, of
psychomotor and grand mal seizdres, a5 well s tngermnal neuralga,

Mechsnism of Action

TeQraioi has 0SmoONsiraled ANIConvUIsant propémes 1 rlls 8NG MCE With electncally and
cremically induced Suizures. [t BDDears 10 act by reduzing pe'ySynaphic (eSOONSES BNG DIocking
the post-lelanic potentaton. Tegretol greatly reduces of abolishes pan nduced by stimulauon
of the mliaorbnal Nerve | cats and rais. It depiesses npamic polendal and bulbar and

potysynapnc retiexes, nCluding Ine inguomandiby ar retiex n cats. Tegretol 1§ chemicaly
wnrslated 1o other anticonvulsants or other drugs us#: 10 control the pan of INgeminal neuraigh.
The mechanism of AChon reMAINS UNKNOWN,

The principal metabolite ot Tegretol, carbamaepne-10,11-¢p0x:de. has anticonwisant
activity a5 Gemonsirated in several In vivo Srmal moders of seizures. Though chrucal activily for
tha apoxJe has baen postulated, the significance ol its actwity with respect 1o the satety and
efficacy of Tegretcl has not been establishea,

Pharmacokingtics

In chnica! studies, Tegratot suspension, convenl.or al tablets, and X tabiets oelivered squiva:
eni amounis of drug 1o tne systemic Circulanon However. the suspansion was atisorbed
somewnat faster, and the XR tablel Sighlly Siower. than the convenbonal labiet. The
bicavailapiity of the XA lablet was 89% compared .o suspension. F~liowing a b.i.d. dosage
regumnen, thé SUSpeNsION Droviges higher peak lgveis and lower roughiavels than those obtained
from the convenlional ladtel for the same dosage reg'men. On the other hand, foliowing a Li.g.
gosage regimen, Tegrelol suspenson Bffords $leady-staie plasma jevels comparable to
Tegretel tablets given b.i.d. whan administered a1the same lotal mg daiy dose. Felowingab.id.
dosage regmen. Tegreto)-XR tabiets atford sieatly-state plasma lavels comparabin 1o convan.
tional Tegretol 1abiels gwven q.1.0.. when admunistered at tne same 1otal mg cany dose. Tegratol
nblood 15 76% boundioplasma prowens. Plasma ievels of Tegretol are vanabie and may range
from 0.5-25 ugrml, with no apparent relahonstsp 10 the cally imake of the drug. Usual adult
therapeunc Id vals are betwasn d and 12ug/mlL. | 1polytnetapy. the concentravon of Tegretol and
concomiLant dnugs Mmay be increased or dacre tSed dunng therapy. and drug eftects meay be
allered (see PRECAUTIONS, Drug Interachons). Foliowing chronic oral admimstration ol
SusSpensIon. piasma levols peak at approxetatély 1.5 hours compared 10 4:5 hours aher
adrnistration of convenbony! Tegrélol tablats and 3-12 hours afier adminstraton of Tegrelol-
XRtabiets. The CSF/serumrang s £.22, similar 1o the | 4*e unbound Tegretol in serum. Because
Tegretol snduses Its own metabolisrs, the half-ile ¢ 36 vanabie. Sutoinduction i$ compheted
after 3.5 weaxs of a hixed dosing regimen.  Inilia, hall-iite values range fram 25-65 hours,
cecreasing 1o 12-17 hours on repeated doses Tegretc 1s metabolized in tha liver Cytochrome
P450 3A4 was .0entiheo as the majos isofor responsibie for ine formation of carbamazepine-
10, 1-epoxide from Tegretol. AMer oral adrunisirauon of “C.carbamarzepine. 724. of the
agministered radicactivity was tound in the unine and 28, in the leces. Thus unnary radicactvity
was comDosed largely of hydroxyiated and ¢ .njugaled metaboltes. with only 3% o! cnchanged
Tegrato!

The pnarmacokinghc Dare naters of Tag eiol dispesit.on are similar in children AR In adutts.
However. there 1S & poOr COIr@Alion batw:e™ Dlasma concentratons of carbamazuping and
Tegreto/ dosenchildren. Carbamazepine v, me & rapdiy matabolized lo carbamaeping-190,11-
epoxide {a metabolite shown 10 D@ LPOY NG 1o Carbamazepine as an entconvuisant in animal
screens) 0 the younger age groups than i, adulls. In chugren beliow the age cf 15, thera 15 an
inverse retaliohstip between CBZ-E/CBZ rabc and increasing age (Ih ong report from (.44 in
chuldrar: Delow the age of 1 yea- 10 .18 i chwaren befween 10-15 years of age).

The etec!s of race and gender or carbamazepine pharmacoknelics have not been
Systematcally avalualed.

INDICA TIONS AND USAGE

Epilepsy

Tegrelolis ncicated {or use as anancoavulsant drug. Evidence supporting eticacy of Tegretol

as an anticonvulsant was denved Irom achve drug-controlied studies that enrolisd patenis with

the foliowing seizure typacs:

1. Parial seizures with CoTRIaxX SYMiiomatoiogy (Dsychamatar, terparal lobe) Fatents wih
these SeiZutes appear 1o show Qreater improvement than those with other types.

2. Generalized tonic-clonic $£izues (grand mal)

3. Mixed seituie pattiems which inc'ikle the above, or other partal of gendraiized seizures.
ADSENCE meiZures (peht Mal} do nalappear 1o be cuntrolied by Tegrelol (see PRECAUTIONS,
Ganeral)

Trngemir~l Neuraigia

Tegretol 1$ inaicated in the treaimant of the pain ASECCAIRD with tNue INgeMIna) NBUTkIgIE.
Benehcia! rasulls have aiso be 3 raported 1n Jlossophanyngeal nauraiga.

Trsdrugisnot 8 simpls analgesic and should .oLDE used lor the reliet of imnal aches or pring.

CONTRAINDICATIONS

Tegreioi should nol De used in palients with & NSIONy of previous bone MATow depression,
hypersensiivity 1¢ the drug, or known Sonsibivity 10 any of the incychc compounds, such as
Amitnplying, Gesipramine. Impramng. proinptyline. nonnptybne, #ic, Likewise, on theoratical
@rounds s use wilh monoamine GeJsE INMbIOIs 15 No1 recommended. Belore admrusitaion
of Tegretol. MAQ mhibMors Stowld be discontinued tor a mnwmum of 14 days, of longet if tha
chinical snuation permuls.

WARNINGS
Pabients with a history 0! Boverse WMatoiogic reaction to any drug may ba pariculary at nsk.
Severe dermalologic reactons, noivding 1000 e0emmal RECIolySs (Lysll's Symcirome) and
Stevens-Johnson syndtome. have been reported win Tegretol. Thase reacuons have been
axtremely rare Howdver, & lew tataibes have been reporied.
Tagreto has she wn milc anbcholinergic acuvity: thefetore, pahants with Increasaed ntraccular
prassure Shoulo be C0Stly DDSBrved durnng iharapy
Because of the relzwonship of the drug 10 other tncychic compounds, the  possibility o1
activabon of a laten! psychosis and, in elderly patiants, ol conlus.on or agitation should be bome
0 rug.



PRECAUTIONS

General

Balore inikating therapy. 8 delatsd nisiory and physical examnabion should be made.
Tegrealci should be usad with Caunon In patiants with a Mixed seizure disorder hat incluces

atypical absence sezurgs, since in thase patients Tegretol has been associated with increased

irequency of generaized convulsions (see INDICATIONS AND USAGE).

Therapy showid ba prescnbed cnly atter cntcal bensht-lo-nsk appraisal in pasents with a
history of cardiac. hepatc. of renal damage, adverse hematologic reactan to olher drugs; or
interrupted courses of therapy with Tegretol.

Sinca a given dose of Tegreto! suspension will produce figher paak laveis than the same
©0%e given asthe tablel, itis recommended that patients given tha suspension ba started on iower
dosas and increasad slowly 1o avold unwanted side effects (see DOSAGE AND ADMINISTRA-
TION).

Infermation for Patients

Patents should be made aware of tha eary tuxic signs and symptoms of a potential hamatologic
Probiem, such as tever, sore throat, rash, wicers.n tha mouth, easy bruising, petechal or purpune
hermorrhage, and shouid be adwised (0 report 1o the physiman immediataly iIf any such signs or
SYMmploms appear.

$ince diZaness and drowsiness may occur, patiants should be cautioned about the ha. wds
of operating machinary of automobiles or «NGagING 10 Othar polentially Cangerous tasks.
Labaratory Tests
Complete pretreatmant blocd counis, ncluding platelets and possibly reéticulocyles and serum
Iron. should be obtaned as a baseina. It a patient in the course of treatment #xhibits w or
decreased white bicod cedl of miale! counts, the padtent should D8 meniored closely.
Discontinuancn of the crug sho.id ba considered it any evidence of sigihcant bone Marrow
depression develops.

Baseline and penodic eva.uabons of iver funchon, ¢ . hicuiary In pabents wih a istory of iver
disease. must be performed dunng treament with ths drug Since hiver damage may occur. The
arig should be discontnued unmediately in cases o aggravated kver dystunction o active liver
disease

Baseling and penodic eye axaminatons, including shi4a rp. funduscopy. and tonornetry, are
recommended siNCs Many phanothuazines and relatec d-4gs have been snNown 16 cause eye
changes.

Baselne and percaic complete unnaiysis and BUM. gelerminahons are recommanded for
patients ireated with this agent because of coservag '1:na‘ dystuncaon.

Monitonng of blood teveis (see CLINICAL PHARNACCLOGY! has increasad the efficacy
and satety ol anticonvuisants. This menitonng may e particularly usetul in cases of dramatic
NCrease n seizule trequency and fo; venhcahon o' comphance. [n agddibon, measyrement of
drug serum lavels may adin detarmining the cause. Of toXICIty when more tian ona maedicaton
15 Baing usad.

Thyroid function tasts have Desn reponad to show gecreasad values with Tegratol agdmins.
tered aiona

Hyponatremia has been rapoited N assoc on with Tegreloi use, aither aione or In
compnation wilh other grugs

Intarfarence with 5one pregnancy 1851s NAS / @en reported.

Orug Interactions
Chrucally meann igtul drug interachons have ¢ urred with concomitant madicabons and include,
Byl are not kruted to. tha foliowing:

Agants That May AHect Tegratol Plasr i Levely
CYP 3A4 inhibitors mhibit Tegretol metac . ism and can thus increase plasma carbamazspine
leveis Drugs tnathave basn snown. orw 1 ild be dxpected, 10 increase plasma carbamazepine
lavels nclude
cmeldine, Ua:azol, dihazem macr . ides. enaromucn, troleandomycin, clanthromyc.
fluoxetne, tertenadine, 1ISOMAZI0, N | NATUAA, COUNAMUGR, PIOPOXYPIENe, KALACONAIOE,
iwraconazole, verapamil, valproate.”

CYP 3Adinducers can increase he rat ) of Tegretol matabolism. Drugs that nava been shown,
Of that would e axpacted. 1O dacrasse plasma carbamazepns lavels include
cisplatn, goxorubicin HC, feibamate, 'ntampin, phenobarbital, phenytoin, prmdons, the-
cahylineg,

“Incraased ievels of the active 10.11-apcxide
'decreasad leveis of carbamazepine and iIncreased leveis of the 10,11.epoxide

Eftect of Tegretol on Piasma Levels of Concomitant Agenis

Increased igveis: clormipraming HCI phanyton, phrmudone

Tegratol Induces hapatr CYP actvity. Tegialol causes, or would ba sxpected 10 causs,

dacreased levels of tha lolowing:
acetaminophan, AIprazolam. Cichazepam. ClOZAping. GICUMBNDE, 3GayCYCing, aThosuXimide,
halopendoi, methsuxuTega Orai conlricepiivas, phensuxutude, phanyton, thaophyiing,
valproate, wartann,

Conconylant admusustranon of CABAMAIEPING AN hihum Mmay 1ciease the nsk of naurctouc
Side eitecy

Alteranons of thyro:g . LACHON Nave DEEN TEPOE] 1 COMMINALON PMIAPY With Offer NLCGN-
vuisant madicabons.

Breakthrough bieeding Nas been reparted among panents receving CONCOMIANT oral canir

Cepives and ther rekab«ity Mmay be adversely allected.

Carzinog is, Mutagenasis, impairment ol Fartility

Carbamazapina, when adrminisigred to Sprague-Uawley rats for two years in the diel a1 dosc
of 25 75, and 25¢ mg/kg/day, resuited in a dose-relaled increase in the incidence of REPatacs
lular tumors in females and of berugn intersttial celt Adsnomas i the tesies of Males

Carpamazepine mus!, thereiore, be considered 10 be carcinogenk: in Sprague-Dawiey rat
Bactenal andmammaian Mutagencity studies using . AMHAMATEMNE ProoUCd Negabive resull
The sigruficance oi these indings relative 1o the usa of carbamazepne i MAnNs 1S, Bl HIeser
unknown.

Pregnancy Category C

Tegratol has been shown 10 have adveise atects v reproc Chon stucies in rats when given ora
indosages 10-25 bmes tha maximum human dady dosage ! 1200 mg. in rat teratology Studie
20t 135 offspnng showed kinked nbs at 250 mg/kg and 4 of 115 onsonng at 650 mg/kg Showe
othel anomaias (Cleft palate, 1; talipes. 1. angphthalmos, 2). In repitiuction sludies in ral
nursing offsprng demonsirated a lack of weight gan and an unkempt apps Arance atl 3 materm
dosage leve! of 200 mg/kg.

In hymans, transplacental passage of Tegratol 15 rapid {30-60 mu'u #s). and the drug
accumulated in tetai hssues. with higher lavels iound in liver and kidney t \an i bran and lun

Thare are no adequate and wali-controlled studies in pregnant women. Epsdemiciogical da’
suggest that there may 0@ an associaton balween tha use of carbamazeping dunng pregnan:
and conganital maitormations, including spina bifida. Tegretol should ba used dunng pregnan.
only If thie potantial penatt justlies the potantial nsk 1o the fetus.

Ratrospactve case reviews suggest that, compared with monotharapy, thers may ba a nigh-
pravaience ol teralogenic efects associated with the use of anbconviisanis i combmatc
therapy. Tharetore, monotharapy is recommandad 1o pragnant women.

tisimportant to note that anticonviisant drugs should nol be discontnuad in patents in who:
the drug 1% admirustered to pravent Majpr seizures becauss of the Strong possibity
precipiating status splephicus with attencant hypoxia and thraat to e, Inindividual cases whe
tha saventy and fraquancy of the seiZure disorder are such it . rémoval o Mmedication doss r
Pose a senous threat (o the patant, discontinuation of tha druy May be consideresd pnor 1o ar
durnng pregnancy. althtugh i1 cannol La said with any conhdance that aven minor SeIZures ¢
nci pasa soma hazard (o the deveaping ambryc or tetus,

Labor and Delivery

The eHect of Tegretol on NuMan labof and delivery is unknown.

Nursing Mothers

Tegratol and its epoda matabolite are transtarred 10 Draast mulk. The rabo of I conceniral:
n breast rulk to that in matemal plasma 1$ about C.4 for Tegratol and about 0.5 lor e 8poxc
The astmated doses given 10 the rewbom dunng breast fesding are in the range o 2.5 mgda
for Tegratol and 1-2 mg daly for the epoxide.

Bacause of the potential tor senow.s adverse reactions in mursing infants from carbamazepn
a decision should be made whether to discontinue Nursing oF 10 sConNtnue the drug, takr
nio account the impurlance of the drug (o the mother.

Pediatric Use

Substantal evidence of Tegretol's aftectvaness for use in the managemant of chidren wi
eplepsy (see Indications for tpecific seizure types) 1s dunved om clinical wivestgano’
pertormad inadults and trom studies N sevaral in wiro systems which support the conciusion th
(1) the pathogenatc mechanisms underlying seizure propagabon are essentally idertical

adults and chiaren, and (2} (na macnanism of acton of Cardamazemng in treahny, seizures
essentally wenhcai in aguits and childrer.

Taker: 85 2 whole, this information suppritg | cue 110N thal the generally accept.
therapeutic range of total carbamazerng \n pL_ao (e 7+ 1 MGQ/ML) is the s8me N chilg:-
and adults.

The evidence assembled was pnmani y o0& G e daxt. Mrmuse of carbamazepne T
safety of carbamazening in Children Nas DAl sysimivslcaiy studied up to 6 months, No long:
term data from cimcal trials is avaiabia.

Gariatric Ute
NO SyStemanc Snxhes in Qenathc patients have been conducied.

ADOVERSE REACTIONS

It acverse reachons are of such seventy that the grug must be discontinued, tha phy $iICIaR m
b3 aware that abrupt Ciscontinuaton of any anticonvulsant drug 1IN & responsiva epdephic patie
may lead 10 Se1Zures OF Bven S1atus splephous with 11s Wta-threatening hazaras.

The MOSt sevare adve/S4 reachons have been observed in he hemopoiatic system (s.
bosad WARNING), the skin, and the cardiovascular system.

The most frequantly observed advarse reactions, pamculary dunng he ininal phases
therapy, are Gizziness, Arowsiass. unsieadingss, nausea. and vomitng. To mirwmuze
possibility of such reactons., therapy should be iuhALEd Al the 10w GOSAGA rCOMmendad.

The lollowing additoral adverse reacbons have baen reporteu
Hemopoietic System: ApIUSLC anamia, agrunulocytos:s, PAncyIOpena. bone marrow depre
sion, thrombocytopena, Mukopania. lsukocyios:s. sosinopiia. acute intermuttent pomphyna
Skin: Pruntic and erfythematous rashes. urticana, loxi; spedermal nCrolysis (Lysil's syndrom
{sae WARNINGS), Stevens-johnson syndroma (sas WARNINGS), photosansivity reachor
alteralions 0 skin pymantahon, gxtohabve dermahbs, erythema mullifonne and nROGesY
purpura, aggravaton of disssminaled lupus srythamalosus, siopecia, and diaphoresis
Cortan cases, aconl nuanon of therapy may be nacessary. Solaled cases of hwsubem ha
baan teported, but A causal relauonshg 13 NOL Clear.




Tegretol® carbamazepine USP
Tegretol®-XR (carbamazepine extended-release tablets)

Cardiovascular System: Congastve heart fadura, edema, aggravaton of hypartensicn.
hypolension, syncopa and collapse, 2ggravaton of coronary artery disease, armhymmias and
AV biock, thrombophiabits, tnromboemooksm, and adencpathy or iymphadenopathy.

Some of these cardwvascular comphicatons have resulted in fatahbes. Myocardial
intarciion has bean associated with other inCychs COMPounds.

Livar: Abnormalibes nhver tuncacntests, Cholestate and heparoceliular jaundice, hapants.

Ruspirstory System: Pulmonary hygarsensitivity charactenzed by tever, dyspnea,

preymontls, of pReumonia.

Genilouringry Sysiem: \JUnnary requency, acute unnary réleniion, ouguna wiin eslevaled

blood préssure, azolemia, renal talure, Ang IMpOAnce. Albuminuna, glycnsuna. elevated

BUN, and rmucroscome deposis in The unng have also bean repornsed.

Tasticular Aropny Socurrad in rats recerang Tegrato! ~aily from 4-52 waeks at dosage
taveis of 50-400 mo/ikg/day. Additonally. (ats recewing  wdfelol in the diel 1o 2 years Bt
aosage levals of 25, 75. and 250 mg/kg/day hda dose-related incidence of teshcuiar atrophy
and aspermalogenesis. In dogs. it proguced a Drownish discolorabon, préesumobly a
metabolile, inthe unnary bladaer aracsagewevets of 50mg/ikg and higher. Relavance of these
fingings 1o RUMAns 1S UNKNOWN.

Nervous System: Dizzinass. Growsiness. oisturbances of coordination, contusion, head-
ache. fatiQue, iy ired vision. visual hatiucinatons. transient diplopia, oculomotor disiurbances,
nystagmus. speach disturodnces. abnormai invo-untary Movemanis, panphadal naunts and
paresinesias. aepresson with agiaiion, talkabvenass. tNNIUS. and PYperacus:s.

Thare have been repods of associaled paralyss and other symploms of carebral artenal
insutficiancy. but the exact relabonship of these reactons fo the drug has not baen establishad.

Isolated cases of neurclepbc maiignant synurome heve been reportad with concomitant use
of psychotropis drugs.

Digastive Syrtem: Nausea. vomiing, gastnc distrass and abdomnal pain, diarhea. constpa-
non, anorexa, and dryness of the mouth and pnarynx, inciuding giossitis and stomants,
Eyes: Scatterea punciate cottical lans opacities, as well as conjunctiviis. ave Deen repored.
Althougha Qirect causal rekionship has notbaaen e51abli-neg, many phenotrulines anaralales
drugs nave baen Shown 10 Cause eys changes.

Muscuicskeietal! System.: AChing joints and mu -4, and leg cramps.

Matabolism: Fever andchills Inappropnate antidiuretic hormone (ADH) secreton syndrome
has been ragorted. Cases af frank waler intoxcanon, wilh decraased serum sodwm {hyponatre-
mias and CORMUSION, Nave Gean reponed M assocahon with Tegretol use (See PRECAUTIONS.
Laboratory Tests). Decraased leveis of plasma caloium have besn reporiad.

Other: 180ia1ed ca585 G 8 luDuS BrytNamMAaIosus-kke 5yndroma Nave beenreported. There have
begn ~ccasional reperts of a'avated laveis of chal i, HOL. cholesterol, and tngiycendas in
patents taking anticenvulsants.

A case of asepbc meningiis. accomparved by myocionus and penpheral eesinoohila, has
been reported in 3 palient lakng carbamazeping 1h COMDINATON with other Medicatons. The
patient was successiully oechalisanged. and the marungils reapreared upcn rechaiangs with
carbamazapine.

DAYG ABUSE AND DEPENDENCE
No gwigence of abuse potantal has been associated with Tegretol, nol 18 thers evidance of
psychalogical of physical dependence in humans.

COVERDOSAGE
Acute Toxicity
Lowest known lathal doss: adults, » 60 g (3G.year-old man}. Highest known dosas survived:
adulls. 30 g {31-year-cid woman}. chugren. 10 g [6-year-oid boyl, small cruldren, £ g (J-year-
oig gin).

Oral LD manimais (mg/kg): mce. 1100-3750; rats, 3850-4025; racous, 1500-2630. guinea
pigs. 920.
Signs snd Symptoms
The hrst signs ard symptoms appaar atter 1-3 hours. Neuromuscular disturbances are the most
promingnt. Cargilovascular 0isorders are genarally malder, 8/ Savere Caroiac comphcatons
occur only whan very high doses (>50 g) have bean ingestad.
Respiration: Irreguidr braathing, respvalny deprassion.
Cardiovascular System: Tachycarga, nypolension of hypertansion, shock, conguction disol-
ders
Nervous System and Muscles: imparmant ol 2onSOOUSNYES TANGING 1N Seventy 1O QAR COMA.
Convuisions, espacially . $mail chugren. Molor 'estiassness, muscular twitching, tramos,
athattud Movements, opistholonos, ataxd, dlowsiness. dizziness, mydnass, Nystagmus, ad-
adochominesia, balism, psychomolor aisturbances, dysmeina. inbal hyparratiaua. foilowed by
hyporafiexa.
Gastrointestinal Tract: Nausea, vomitng
Kidneys and Biadder: Anuns of chguna. LINary Hetantion.
Laborgtory Findings: 1sclaleg nstances of Overdosage have included leukocytos:s. reduced
leukocyte count, glycosuna and acaipnuna. EEG may show dysinythmias
Combined Poisoning: When alconol. tncyclic anhaepressants, barbiturates, o hyganions are

taken 3l the same tme, the sgns and symptoms of acute poisoning with Tegretol may be
agoravated or modikad.

Treatment
T ne prognasis in cases of severe posonmng 15 cribicaily depe: Jent upon HroMp| ewmunabon ¢
drug, which may be acheved my MIIUCING vormiting, in jalng the stomach. and by ta-
appropnate siess 10 diminish apsorpbon. If these meas.res ~annot be imglemented without
On e SPOL, the patiert $houid be ranstermed atl once 10 4 NOSpdal, wikle @nsunny tha
tuncnons are safeguarded. Thare 13 NO specific antdole.
Elimination of the Drug: Induction of voming

Gastnc lavage. Even when more than 4 hours have elapsed lollowing ingesuon of Me ¢
the siomach should ba repeatedly #ngated. especialiy f the pabent has also ronsumed aicce
Measures 10 Reduce Absorption: Activalad charcoal, laxatives.
Maasyres to Accelerste Elimination: Forcad diuresis.

Dialyms is ndicated oniy in severe poisoning associaled with renal failure. Replacern
transhusion s ndicaled in severe PORONNG sn smail chulgran.
Raspiratory Depresaion; Kee#d the arways iree; rason, if Necessary. 1 endotract
wiubation, artibcial raspiration, and admurustralion of oxygen.
Hypotension, Shock: Keep the palisnt siags raised and admirustar a piasma expander. it
pressure faus to nse daspie Maasues W@kep o wCraase plasma volurne, use of vasoac
Sutstances shouid De Consicered
Convuisions: Diazepam of barpihurates.
Warning: Diazepam Ot bartifurdtes may aggravate 1@spiralory tpression {(espacall
chikirgn), Nypotension, and coma. Howaver, barbiturates should Aol be used f drugs thatin:
monoarming oxidase have aiso been laken by the panent either in overdosage of «n rec
therapy (within 1 waeh),
Surveillance: Respiration. carghac tunction (ECG monitonng), blood pressure. body temg.
ture, pupiary refiexes. and kidney and biadder funct.on should be montured for Several d.
Treatment of Blood Count Abnormalities: It @ndence of signihcant bond Marow depras:
develops, the foliowing recommendanons are suggested: (1) siop the dnug, (2) pefom ¢
CBC, plateiat, and reticuiocyte coun:s. (3} do a bone marrow aspiration and tephung bk
vnmadiately and repeat with sufhic:ent fraquency to monitor recovery.

Special panodic studies mignt De haiplul as foliows: (1} wihite céil and plataiel antboc

(2) ¥Fe —ferrokinebc studies, (3) genoheral biodd Celltyping, (4) CY10Q8nelic STUdHS On Mar
and penpheial biood, (5) bons ma:Tow cuiiive studies tor colony-forrmmig units, (5] hemog!
alacrophores:s for A, ana F hemoglobin, and (7) sarum folic acid and B, levels.

A fully developed aplastic anamia will require appropnate, ntensive monionng and ther
for which spacialized consultahon should ba sought.

DOSAGE AND ADMINISTRATION (5ee table Delow)
Moritonng of bloog laveir nas "creased the eficacy and safety of anvconvulsants
PRECAUTIONS, Laboratory Tes 5). Dosage should he adjusted 1o the needs of the inam.
patent. Alow iulial daily dosage wiih a gradual INCraase s advised. AS 500N 35 808QUATE L0/
1S achiaved, the dosage may b+ requced very gracually 10 the muwnmum etective i
Madication should b 1aken with Me3is

Since a given dose of Tegritol suspension will produce higher peak iavels than the same ¢
Sivan as tha tabiel, il is recommq nded 1o Stan with low doses (cruldren 6-12 years: 172 teasr
4..4.) and to increass siowry to avoud unwanied Sds eftects.

Canversion of patients Irom oral Tegrewo: tabvets to Tegretol suspension: Patients shoul
converted by admenstanng Me same number of my per day 10 smailer, rmofe frequent doses -
D.1.4. tablets to tid. suspens:on)

Tagretol- XA 1$ an exienced.reeass tormulahon for twice-a-day admirustraton. Whan
veriing patents from Tegreiol conveniional lablets lo Tagretol-XR, the same tolal daily mg c
of Tagratol-XR should be acmius'ered. TegratohXR tablets must be Ll d whole
nNaver crushed or chawed. Tegrewol-XR tabiets showd be inspected for Chups of ¢la
Damaged tabi=1s should not g coniumed.

Epilepsy (See INDICATIONS AND USAGE)

Adults and children avar 12 years of age — Initial: Either 200 mg ©.i.d. for 1ablels anc
tablets, or ¥ teaspoon Q.4 1or susCension (400 mo/day) INCrease at weekly intervais by 8o
Up 1o 200 Mg/Say usiNg a D) d. regmen of Tegratol-XR of & ti.d. of Q..d. regimaen of the ¢
formulations unbl e optima: response 18 cotained. Dosage genarally shouid nol excesd
mg daly in childran 12-1% years of 3ge. and 1200 mg caily in patients above 15 yaars ol
Dosas up to 1600 mg cavy have Ceen usad n adults in rare instances. Maintenance: Ac
cosage 10 the minmum eHecive lave, usually 800-1200 Mg daiiy.

Chiidran §-12 years of age = initigl: Either 100 mg b...d. for tablets or XR tablats, o'
leaspo0n §..¢. lor suspens.on {200 mgidayl Increass st wesily INtervals Uy a0dng up 1o
mg/day using & &.1.d. regumen of Tegretol-XRor at..d. or g..¢. regimen of the othay formula:
untl the opamal response s optaned. Dosage genarally shouki not excesd 1000 mg ¢
Maintenance: Adjust dosage 1o the minimum eitactive level, usually 400-800 mg dady.
Chilgren under & years of age —- Initial: 10-20 mg/ug/day b.1.d. or tid. as tabiets. orqui«
SUSDANSION. Increase weskly to achieve ophmal ciincal Tesponss acdmenistened Li.g. of «
Maintensnce: Ordmanly. cobmal Chnical response is achisved at daly dosss Selow 35 m
It saus{aciory clircal rasporse s NOT Deen achisved, PIAIMA ievels Should DO Measuts
determena whathes of not they are . the therapautic rangs. No 1COMMENdanon regarcn:
salety of carbamazepine lot use A1 doses above 35 mg/kg/24 hours can bé Mace.
Combination Therspy: Tegralo: May 08 USED BIONE Of with IR ANKCONVUISANS. Whon a
10 exshing anbconvuisant grapy. 4 0nug should be s0ded gradually wihilp the other ant
VUISAN(S S/8 MaNANes Of Gracuaily Jecreased. sxcepl phenylon. which may have |
creasad (sa4 PRECAUTICNS, Diug inisracons. and Pregnancy Category C).



‘rigamins) Nounlgin {see INGICATIONS AND USAGE]

nitias: Qn the first Sy, @ither 100 mg b..0. tor tabigrs or XR tabiets, o0 1/2 tedsBeon g 1.d. for
U3pension, for a total daily 1osa of 00mg. This dady dose may pa wCreased by up 1o 200
ng/day usiig incremens of 100 TP BYETY 12 hours fof 1abisls o XA tablets, or 50 mg (1,2
#aspooh} q..d. 101 suspension, Onfy 2 needed 0 aciusyg frecowm trom parn. Do nel exceey
1200 mgday. Mainter-ance; Controd of pain can be MaINte 04 1N Moyt patents witty 400-80¢
g daily. Mowever, sama patens ingy be Maintaned on 4z me as 200 my daily, while ohars
Ny raquies as much as 1200 mg dady, Atisast ange €enty 3 months hroughout the tesimgn
Hnod, attampls shouid be mace 1 reduce ha Qo2 o ne frLErmum ettechve level of aven o
daconunus me drug

HOW SUPPLIED
Chewsbie Tatiets 100 Mg —0ung, ren-speckied, piok, sngle-scored (impnnted Tagratol on
D $108 3ng £ 2 wice ON the scoreg sty
Botttes ot 100 s,
Uit Doue (biister pack)
Box ot 100 (stnps o W e

e NOC 58887-052.30
s, NOC 58687-052.32

Donotstor anove gk 130°G). Protect tram nghtand mosturg. Duspensen Cghl, ight-rasissant
containar (SR},

Tabiats 200 Mg —~ CADPS.g-thape, pink, ngle-scored imonnied Teqroiol on one side and

27 wice onha Pamaily sGareq sida) :
Bomesetagn | - NOC 58887-027.30
Sy 1000 T NDC 58887-027.40
Uit Dose (blisige pack)
Bok of 1490 (gtrps of Lo

e, NODC 5898702732
o not store abasy 96F (30°C). Pratect from Mousture. Disgense in bght contanar (LUSP)

XA Yabiets 100 mg — toung, yeliow, coated (ympnnied T on oneg dude ang 10Gmg on e oihe),
teledse partal on one siae

Botias ot 10 et NGOG 0083.0061.30
tinit Dase (bister pack)
Box of 100 (stnps of L) I e NDC 00B3-0061.20

XR Tablets 200 MG — round, pink, coaled (imparied T on one sidy and 290 mg on the othgr

fei8a38 poral on one sde
Botties of 100 ., e e e, NDG 0083-0062-30
coorvninrseenns NDC 0083006232

Unut Dose (Shstar pack)
Box of 180 (a1 PEOt 10}

XRTum:-lOOmg«—roum. brown, couted {impnnisa T £ ON8 Si0e 8:19 400 MY On the othey
alaase poral on one side

Bott'ss of 100 e NOG 0083-0060-30
Unit Doas (biister pack]
Box ot 100 (BIUPS 08 30}t - NOC 0085-0060.32

Slore a1 controlieg FoOm temperatuse 1 5°-30°C (89°.86°F| . Frotece fom mocsture. Oispavnysg :r
Ut contmngr (USP).

Samples, whan avanable, ara wennheg by the word SAMPLE 2PLRANNg on each tabiat.

Suapansion 10p me/'S mi {feagpoon) — yeliow-orange, Citrus-vanila tlavored
Botties of 450 m(, T T, Y= $8887-019.78

Shake wet betore using.
0a not sira above 85°F {30°C). Dvspense in Lignt. ighi-resistant container (28

Dm!_ﬁ_nlormttion
_— —)
I o) Dosg Sutseguent s Maxenum Daty Dose o
tndean Tavier AR St spansion l Tebler Suspenson Tatiar XR! Suspension
Epilcpsy
Undes & yr 10-20 mg-koday 1000 mgug'aay | increay Fwoekly Increase waskly | 35 mog24 hr 25 mokg 24
D0 artig, QLo 0 #chg e 1o athievy (0% Dosage {58¢ Dosage
Dphmal i tnway ooumaichical | and Admunestranon W ADminisiranon
1as00nse tig. 16500Nse, 134 SACTON above) 38chon above;
arg.1g, ord.d
51241 106 mg g Womgaid 14 1spg.g Add up 10 L Aodup iy 11sp
(200 mgvagy - R0 mgddy, (26 myqay) 104 Mgy W0mgaay 100 mgvday at 1000 mg/24 e
A whekly al weeuiy Wekly Misrviis
nievaly, rlarvais, Lod of Qg
Ll orgig tad
Cvae 124 200 mgbia. 200mgbio I mpqig Add up 1o Add up 1o Aod W to
1400 myay) 1400 mguday} (400 myazy) 200 mygiaay 200 mg oay 21 1000 mgiza b 12-15 gy
Al whekty at woeuly (200 mairagy 1200 mg/24 1 1515 ym)
inlervals, Lig. ievals, Dd.  ab weely 0 gy 24 e (aouns, 1 ey nslances
ol qad LU TN )
org.Ly
Ttigeming
Neuraigia MO mgh,g 0 mg ) d 172 150 qu.g. Add up to Agg up to Add W ig 2tsp
{200 migaay; (2% mgcay] (o mg/day) 200 meyday 200 mgyday 1200 mg)icay 1200 mgy24 tw
N OCTanis N OCrements & NCrenenyy
o100 mg 6100 mg ol $0mg
avary 12 e ey 12k 25 g0,
"Tabk! = Chawaok o CHMENEIONA Labigrs
XA = Tagratat® 1R ectence wemash tpigts
PQO0O00 665400 €969 (Ray. 21«

Tegralol Suspensic Manufactureg by
Ciba-Gaogy € anaam Lig,
Oorval, Quet ec. Canaan

Cioa-Geny Comporntio-

CIBA



Tegretol® (369 (Rey 2900
carbamazepine USP

Chewable Tablets of 100 mg - red-speckied, pink
Tablets of 200 mg - pink

Suspens;an of 100 mg/SmL
Tegretol®-XA

(carbamazepine extendad-release tablets)
10G mg, 200 i1g, 200 mg

Prascribing lavormation

WARNING
APIASTIC ANEMIA AND AGRANULOCYTOSIS HAVE BEEN REPORTED INASSO-
CIATION "WITH THE USE OF TEGRETOL DATA FROM A POPULATION-BASED
CASE CONTROL STUDY DEMONSTHRATE THAT THE RISK CF DEVELOPING
THESE REACTIONS 15 5.8 TIMES GREATER THAN IN THE GENERAL POPULA-
TION, HOWEVER, THE OVERALL RISK OF THESE REALCTIONS IN THE UN-
TREATED GENERAL POPULATICN 1S LOW. APPROXIMATELY SiX PATIENTS
PERONE MILLION POPULATION PER YEAR FOR AGRANULOCYTOSIS AND TWO
PATIENTS PER ONE MILLION POPULATION PER YEAR £OR APLASTIC ANEMIA.
ALTHOUGH REPORATS OF THANSIENT OR PERSISTENT DECREASED
PLATELET OR Wi{1E BLOOD CELL CGOUNTS ARE NOT UNCOMMON 1N ASSO-
CIATION WITH THE USE OF TEGRETOL CATA ARE NOT AVAILABLE TO ESTI-
MATE ACCURATELY THE!R INCIRENCE CR QUTCOME. HOWEVER, THE VAST
MAJQRITY OF THE CASES OF LEUKOPENIA HAVE NOT PROGRESSED TO THE
MORE SERIOUS CONDITIONS OF ARPLASTIC ANEMIA CR AGRANULOCYTOSIS.
BECAUSE OF THE VERY LOW INCIDENTE OF AGRANULOCYTOSIS AND
APLASTIC ANEMIA. THE VAST MALDRITY OF MINOH HEMATOLOGIC CHANGES
OBSERVED IN MONITORING OF PATIENTS ON TEGRETOL ARE UNLIKELY TO
SIGNAL THE OCCURRENCE QF EITHER ABNORMALITY. NONETHELESS, COM-
PLETEPRETREATMENT ~EMATOLOGICALTESTING SHOULDBE OBTAINEDAS
A BASELINE IF A FPATIENT IN THE COURSE QF TREATMENT EXHIBITS LOW QR
DECREASED WHITE BLOOD CELL OR PLATELET COUNTS, THE PATIENT
SHOULD BE MONITORED CLQSELY. DISCONTINUATION OF THE DRUG
SHOULD BE CONSIDERED IF ANY EVIDENCE OF SIGNIFiZANT BONE MARROW
DEPRESSION DEVELCPS

Batore prescribing Tegretol, the physicisn should be th. roughty temiliar with the
details of this prescribing information, psrticularly regarding uaa with othar drugs,
espacially thoss which accantuate toxicity potentigl.

BESCR'PTION

Tegretol, carbamazemnd USP. s an anteonvuisant and specdfic analgasic lor tngemunat
nauraigia. available for oral administranon as chawac!e tablets of 100 mg, tablets o 200 mg, XA
tablets of 100. 200, and 400 mg, and 838 3 suspansion ol 100 mg/SmL (leaspoon). ILs Charecal
namae 15 SH-qibanzit, flazepine- S-carboaamigs, ana 1ts structural tomula is

QL0

1
CONH,

Carbamazepine USP 15 a whitg (o offt-whils powger, practically insO'uble in water and solutle
in alconol and in acalone. |18 molecular waignt 1§ 236.27.

Inachiva ingredisnis. Tablets' Collowas siicon dioxxde, DAC Red No. 30 Alyrunum Laké
(c* - +abie lablets only), FOAC Red No. 40 (200-mg tablets only), favoring (chewabie tubists
Otuy), gelabn, gtyc#nn, Magnesium SISATAIR, sodium starch givcolate (chawable ablets anly),
sfarch. steanc Ackd, And SuCrose (Chawabis tablets only). Suspens:on. Gitric acid, FDAC Yalow
No.§, Havonng, poiymar. potassium sorbals. propyiane glycol. punfiad wale: sorbitol. sucrose.
and xarthin gum. Tegralol-XH tablets: celiviose tompounds, dextries, iron cndes, Magne-
sium $igariwe, Manmuict, polysthyleng Qlycol, socium auryl sullate, ularum dioxde (200-mg
tabigts only),

CLINICAL PHARMACOLOGY

In controileg chrucal tnals, Tegratol has besn shown to De sftective in the treatmant of
psychomotor and grang mal seizures. as wali as tngaminal neuralga.

Machaniam of Action

Tegrelol has demonstraled anuConVUISaNT properhes n rats and mice with slectncally and
chemically inducod ssizures It appears (o act Dy reducing polysynaplic responses and blockng
the post-tetanuc polenuaton. Tegretol grealy reduces or Abohshes pain indyced py stimuiation
of the niraarbital nerve “ « 715 ana 1ats. 1L Gepresses thalamic polential and bukiar and

.

Labeling: Vi / /“:' ~ }

NDA No; -~ - =

Reviewed by:

e?/a/%
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Chewable Tablets of 100 mg - red-speckled, pink
Vablets of 200 mg - pink
Suspension of 100 mg/SmL

Tegretol®-XR
(carbamazepine extended-release tablets)
100 mgq, 200 mg, 400 mg

Prescribing Information

WARNING

APLASTIC ANEMIA AND AGRANULOCYTOSIS HAVE BEEN REPORTED IN
ASSOCIATION WITH THE USE OF TEGRETOL. DATA FROM A POPULATION-
BASED CASE CONTROL STUDY DEMONSTRATE THAT THE RISK OF
DEFVELOPING THESE REACTIONS IS 5-8 TIMES GREATER THAN IN THE
GENERAL POPULATION. HOWEVER, THE OVERALL KRISK OF THESE
REACTIONS IN THE UNTREATED GENERAL POPULATION IS LOW,
APPROXIMATELY SIX PATIENTS PER ONE MILLION POPULATICON PER YEAR
FOR AGRANULOCYTOSIS AND TWO PATIENTS PER ONE MILLION POPULATION
PER YEAR FOR APLASTIC ANEMIA.

ALTHOUGH REPORTS OF TRANSIENT OR PERSISTENT DECREASED
PLATELET OR WHITE BLOOD CELL CQOUNTS ARE NOT UNCOMMON IN
ASSOCIATION WITH THE USE OF TEGRETOL, DATA ARE NOT AVAILABLE TO
ESTIMATE ACCURATELY THEIR INCIDENCE OR OUTCOME. HOWEVER, THE
VAST MAJORITY OF THE CASES OF LEUKOPENIA HAVE NOT PROGRESSED
TO THE MORE SERIOUS CONDITIONS OF APLASTIC ANEMIA OR
AGRANULOCYTOSIS.

BECAUSE OF THE VERY LOW INCIDENCE OF AGRANULOCYTOSIS AND
APLASTIC ANEMIA, THE VAST MAJORITY OF MINOR HEMATQOLOGIC CHANGES
OBSERVED IN MONITORING OF PATIENTS ON TEGRETOL ARE UNLIKELY TOQ
SIGNAL THE OCCURRENCE OF EITHER AENORMALITY. NONETHELESS,
COMPLETE PRETREATMENT HEMATCLOGICAL TESTING SHOULD BE OBTAINED
AS A BASELINE. IF A PATIENT IN THE COURSE OF TREATMENT EXHIBITS
LOW OR DECREASED WHITE BLOOD CELL OR PLATELET COUNTS, THE
PATIZNT SHOULD BE MONITORED CLOSELY. DISCONTINUATION QF THE
DRUG SHOQULD EBE CONSIDERED IF ANY EVIDENCE OF SIGNIFICANT BONE
MARROW DEPRESSION DEVELOPS.

Before prescribinn Tegretol, the physician should be thoroughly familiar with the details of this
prescribing information, particularly regarding use with other drugs, especially those which
accentuate toxicity potentizi.




DESCRIPTION

Tegretol, carbamazepine USP, is an anticonvulsant and specific analgesic for trigemina neuralgia,
available for oral administration as chewable tablets of 100 mg, tablets of 200 mg, XR tablets. of 100, 200,
and 400 mg, and as a suspension of 100 mg/5SmL (teaspoon). Its chemical name is SH-
dibenz[b,flazepine-5-carboxamide, and its structural formula is

(figure)

Carbamazepine USP is a white to off-white powder, practically insoluble in water and soluble in alcohol
and in acetone. Its molecular weight is 236.27.

Inactive Ingredients. Tablets: Colloidal silicon dioxide, D&C Red No. 30 Aluminum Lake (chewabie
tablets only), FD&C Red No. 40 (200-mg tablets only), flavoring (chewable tablets only), gelatin, glycerin,
magnesium stearate, sodium starch glycolate (chewable tablets only), starch, stearic acid, and sucrose
{chewable tablets only). Suspension: Citric acid, FD&C Yellow Nc. 6, flavoring, polymer, potassium
sorbate, propyiene glycol, punfied water, sorbitol, sucrose, and xanthan gum. Tegretol-XR tablets:
cellulose compounds, dextrates, iron oxides, magnesium stearate, mannitol, polyethylene glycol, sodium
iauryl sulfate, titaniur  dioxide (200-mg tablets only).

CLINICAL PHARMACOLOGY

in controlled clinica! trials, Tegretol has been shown to be effective in the treatment of psychomotor and
grand mal seizures, as well as trigeminal neuralgia.

Mechanism of Action

Tegretol has demonstrated anticonvulsant properties in rats and mice with electrically and chemically
induced seizures. It appears tc act by reduciny polysynaptic responses and blocking the post-tetanic
potentiation. Tegretol greatly reduces or abglishes pain induced by stimulation of the infraorbital nerve in
cats and rats. it depresses thalamic potential and bulbar and polysynagtic reflexes, including the
linguomandibular reflex in cats. Tegretol is chemically unrelated to other anticonvuisants or other drugs
used to controi the pain of trigeminal neuralgia. The mechanism of action remains unknown.

The principal metabolite of Tegretol, carbamazepine-10,11-epoxide, has anticonvulsant activity as
Jemonstrated in several in vivo animal models of seizures: Though clinical activity for the epoxide has
been postulated, uie significance of its activity with respect to the safety and efficacy of Tegretol has net
been establishied.

Pharmacokinetics

In chinical studies, Tegretol suspension. conventional tablets, and XR tablets delivered equivalent amounts
of drug to the systemic circulation. However, the suspension was absorbed somewhat faster, and the XR
tabiet slightly slower, than the conventional tablet. The bicavailability of the XR tablet was 89% compared
to suspension. Following a b.i.d. dosage regimen, tha suspension provides higher peak levels and lower
trough levels than those obtained from the conventional tablet for the same dosage regimen. On the cother
hand, following a t.i.d. dosage regimen, Tegretol suspension affords steady-state plasma levels
comparable to Tegretol tablets given b.i.d. when administered at the same total mg daily dose. FgiloWwirng
a b.i.d. dosage regimen, Tegretol-XR tablets afford steady-state'plasma’levels’combparable ta'convéntional
Tegretol tablets given q.i.d., when administered at the same#otal mg daily.dose.i Tegretol in blood is 76%




bound to plasma proteins. Plasma leveis of Tegretol are variabie and may range from 0.5-25 ug/mL, with
no apparent relationship to the daily intake of the drug. Usual adult therapeutic levels are between 4 and
12 ug/mL. In polytherapy, the concentration of Tegretol and concomitant drugs may be increased or
decreased during therapy, and drug effects may be aitered (see PRECAUTIONS, Drug Interactions).
Foliowing chronic oral administration of suspension, plasma levels peak at approximately 1.5 hours
compared to 4-5 hours after administration of conventional Tegreto! tablets, and 3-12 hours after
administration of Tegretol-XR tablets. The CSF/serum ratio is 0.22, similar to the 24% unbound Tegretol
in serum. Because Tegretol induces its own metabolism, the half-life is also variable. Autoinduction is
compieted after 3-5 weeks of a fixed dosing regimen. Initial half-life values range from 25-65 hours, with
12-17 hours on repeated doses. Tegretol is metabolized in the liver. Cytochrome P450 3A4 was
identified as the major isoform responsibie for the formation of carbamazepine-10,11-epoxide from
Tegretol. 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 metabalites, with only 3% of unchanged Tegretol.

The pharmacokinetic parameters of Tegretol disposition are similar in children to those in aduits.
However, there is poor correlation between plasma concentrations of carbamazepine and Tegretol dose in
children. Carbamazepire is more rapidly metabolized to carbamazepine-10,11-epoxide in the younger
age groups than in adults. In children below the age of 15, there is an inverse relationship between CBZ-
E/CBZ ratio and increasing age (in one report from 0.44 in children below the age of 1 year to 0.18 in
children between 10-15 years of age).

The effects of race and gender on carbamazepine pharmacokinetics have not been systematically
evaluated.

INDICATIONS AND USAGE

Epilepsy

Tegretol is inaicated for use as an anticonvulsant drug. Evidence supporting efficacy of Tegretol as an
anticor.vulsant was derived from active drug-controiled studies that enrolled patients with the following

seizure types:

1. Partial seizures with complex symptomatology (psychomotor, temporal lobe). Patients with these
seizures appear to show greater improvement than those with other types.

2. Generalized tonic-clonic seizures (grand mal).

3. Mixed seizure patterns which include the above, or other partial or generalized seizures.
Absence seizures (petit mal) do not appear to be controlied by Tegretol (see PRECAUTIONS, General).
Trigeminal Neuralgia

Tegretol is indicated in the treatment of the pain associated with true trigeminal neuraigia. Beneficial

resuits have also been reported in glossopharyngeal neuralgia. This drug is not a simple analgesic and
should not be used for *he relief of trivial aches or pains.




CONTRAINDICATIONS

Tegretol should not be used in patients with a history of previous bone mirrow depression,
hypersensitivity to the drug, or known sensitivity to any of the ‘ricyclic compounds, such as amitriptyline
desipramine, imipramine, protriptylina, nortriptyline, etc. Likewise, on theoretical grounds its use with
monoamine oxidase inhibitors is not recommended. Before administration of Tegretol, MAO inhibitors
should be discontinued for a minimum of 14 days, or longer if the clinical situation permits.

WARNINGS
Patierits with a history of adverse hematologic reaction tg any drug may be particularly at risk.
Severe dermatologic reactions, including toxic epidermal necrolysis (Lyell's syndrome) and Stevens-

Johnson syndrome, have been reported with Tegretol. These reactions have been extremely rare.
However, a few fatalities have been reported.

Tegretol has shown mild antcholinergic activity; therefore, patients with increased intraocular pressure
should be closely observea during therapy.

Because of the relationship of the drug to other tricyclic compounds, the possibility of activation of a latent
psychosis and, in elderly patients, of confusion or agitation should be borne in mind.

PRECAUTIONS

General

Befzro wutiating therapy, a detaued history and physical examination should be made.

Tegretol should be used with caution in patients with a mixed seizure Jisorder that includes atypical
absence seizures, since in these patients Tegretol has been associated with increased frequency of
generaiized convulsions (see INDICATIONS AND USAGE).

Therapy should be prescriped only after critical benefit-to-risk appraisa! in pa*ents with # history of
cardiac, hepatic, or renal camage, adverse hematologic reaction 1o other dru3s; or interrupted courses of
therapy with Tegretol.

Since a civen dose of Tegretol suspension will produce higher peak levels tha~ he same dose given
as the tablel, it is recommended that patients given the suspension be started on lower doses and
increased slowly to avoid unwanted side effects (see DOSAGE AND ADMINISTRATION).

Information for Patients

Patients should be made aware of the eai.y toxic signs and symptoms of a potential hematologic problem,
such as fever, sore throat. rash, uicers in the mouth, easy bruising, petechial or purpuric hemorrhage, and
should be advised to report to the physician immediately if any such signs or symptoms appear.

Since dizziness and drowsmness may occur, patients siould be cautioned about the hazards of operating
machinery or automobiles or engaging in other potentially dangerous tasks.



Lahoratory Tests

Compiete pretreatment biood counts, including platelets and possibly reticulocytes and serum iron, should
be obtained as a baseline. If a patient in the course of treatment exhibits low or decreased white blood cell
or platefet ccunts, the patient should be monitored! closely. Discontinuation of the drug should be
considered if any evidence of significant bone marrow depression develops.

Baseline and periodic evaluations of liver function, particularly in patients with a history of liver disease,
must be performed during treatment with this drug since liver damage may occur. The drug should be
discontinued immediateiy in cases of aggravated liver dysfunction or active liver disease.

Baseline and periodic eye examinations, including slit-lamp, funduscopy, and tonometry, are
recommended since many phenothiazines and related drugs have been shown to cause eye changes.

Baseline and periodic complete urinalysis and BUN determinations are recommended for patients treated
with this agent because of observed renal dysfunction.

Monitoring of blood levels (see CLINICAL PHARMACOLOGY) has increased the cfficacy and safety of
Znticonvulsants. This monitering may be particularly useful in cases of dramatic increase in seizure
frequency and for verification of compliance. (n addition, measurement of drug serum fevels may aid in
determining the cause of toxicity vhen more than one medication is being used.

Thyroid function tests have been reported to show decreased values with Tegretol administered alone.

Hyponatremia has been reported 1n as:ociation with Tegretoi use, either alone or in combir “tion with
other drugs.

interference with some pregnan:y tests has been reported.
Drug Interactions:

Clinically meaningfu! drug interacuons have occurred with concomiiant medications and include, but zre
not limited to, the following:

Agents That May Affect Tegrztol Plasma Levels

CYP 3A4 inhibitors inhibit Tegr2tol metabolism and ¢an thus increase plasma carbamazepine.jevels,
Drugs that have been showr, cr that would be expected, .to increase plasma carbamazepine.ievels
include:

cimetidine, danazol, dilliazem, macrolides (erythromycin, troleandomycin, clarithromycin),
fluoxetine, terienadine, isoniazid, niacinamide, nicotinamide, propoxyphene, verapamil,
ketoconazele, itraconazole, valproate®

{Note to sponsor: Please provide justification for thie inclusion of niacinamide-and nicitin anude in
the preceeding section, 1.e. literature references.}



CYP3A4 inducers can increase the rate of Tegreto! mietabelism. *Drugs. that have'béen:stiowniostiat
would be expected , to decrease plasma carbamazepine levels.include:

cisplatin, doxorubicin HCI, felbamate,” phenobarbital, rifampin, phenytoin, primidone,
theophylline

*increased levels of the active 10,11-epoxide
'decreased leveis of carbamazepine and ‘ncreased levels of the 10,1 1-epoxide

{Note to sponsor: Please provide justification.for,thefinclision:of cisplatindosonbicin: HeI¥amd
theophylline in the preceeding section, i,e: literaturerélerences:}

Effect of Tegretol on Plasma Levels of Concomitant Agents

Increased Levels; clomipramine HCI, phenytoin, primidone

Tegretol indiuces hepatic CYP activity. Tegretol causes, or-would.be.expected-to cause;-decreasedilevels
of the following:

acetaminophen, alprazolam, clonazepam, clozapine, dicumarol, doxycycline,
ethosuximide, haloperidol, methsuximide, oral contraceptives, phensuximide, phenytoin,
theophyliine, valproate, warfarin

Concomitant administration of carbamazepine and lithium may increase the risk of neurctoxic side effects.

Alterations of thyroid function have been reported in combination therapy with other anticonvulsant
medications.

Breakthrough bleeding has been reported ameng patients receiving concomitant oral contraceptives and
their reliability may be adversely affected.

Carcinogenesis, Mutagenesis, impairment of Fertility

Carbamazepine, when administered to Sprague-Dawley rats f: cwo years in the diet at doses of 25, 75,
and 250 mg/kg/day, resulted in a dose-related increase in he incicence of hepatocellular tumors in
females and of benign interstitial cell adenomas in the testes of mases.

Carbamazepine must, therefore, be considered to be carcinoganic in Sprague-Dawley rats. Bacterial and
rmammalian mutacenicity studies using carbamazepine produced negative results. The significance of
these findings relative tc the use of carbamazepine in humans is, at present, unkaowin.

Pregnancy Category C

Tegretol has been shown to have adverse effects in reproduction studies in rats when given orally in
dosages 10-25 times the maximum human daily dosage ¢ 1200 mg. In rat teratology studies, 2 of 135
offspring showed kinked nibs at 250 mg/kg and 4 of 119 offspring at 650 mg/kg showed other anomalies
(cleft palate, 1, talipes, 1; anophthatmos, 2}. In reproduction studies in rats, nursing offspring
demonstrated a lack of weight gain and an unkempt appearance at a maternat dosage level of 200 mg/kg.

In humans, transplacenta! passage of Tegretol is rapid (30-60 minutes), and the drug is accumulated in



fetal tissues, with higher levels found in liver and kidney than in brain and lung.

There are no adequate and well-controlled s*udies in pregnant women. Epidemiological data suggest that
there may be an association between the use of carbamazepine during pregnancy and congenital
malformations, including spina bifida. Tegretol should be used during pregnancy only if the potential
benefit justifies the potential risk to the fetus.

Retrospective case reviews suggest that, compared with monotherapy, there may be a higher prevalence
of teratogenic effects associated with the use of anticonvulsants in combination therapy. Therefore,
monotherapy is recommended for pregnant women,

Itis impcrtant to note that anticonvulsant drugs should not be discontinued in patients in whom the drug is
administered to prevent major seizures because of the strong possibility of precipitating status epilepticus
with attendant hypoxia and threat to life. In individual cases where the severity and frequency of the
seizure disorder are such that removal of medication does not pose a serious threat to the patient,
discontinuation of the drug may be cansidered prior to and during pregnancy, although it cannot be said
with any confidence that even minor seizures do not pose some hazard to the developing embryo or fetus.

Labor and Delivery

The effect of Tegretol on human labor and delivery is unknown.

Nursing Mothers

[Note to sponsor: Please supply the evidence that supports the following ifalicized statement]

Tegretol and its epoxide metabolite are transferred to breast milk. The ratio of the concentration in breast
milk to that in maternal plasma is about 0.4 for Tegretol and about 0.5 for the epoxide. The estimated
doses given to the newberin during breast feeding are in the range of 2-5 mg daily for Tegretol and 1-2 mg
daily for the epoxide.

Because of the potential for serious adverse reactions in nursing infants from carbamazepine, a decision
should be made whether to discontinue nursing or to discontinue the drug, taking into account the
importance of the drug to the mother.

Pediatric Use

Substantial evidence of Tegretol's effectiveness for use in the management of children with epilepsy (see
Indications for specific seizure types) is derived from clinical investigations performed in adults and from
studies in several in vitro systems which support the conclusion that (1) the pathogenetic mechanisms
underlying seizure propagation are essentially identical in adults and children, and (2) the mechanism of
action of carbamazepine in treating seizures is essentially identical in adults and children.

Taken as a whole, this information supports a conclusion that the generally accepted therapeutic range of
total carbamazepine in plasma (i.e., 4-12 mecg/mL) is the same in children and adults.

The evidence assembled was primarily obtained from short-term use of carbamazepine. The safety of
carbamazepine in children has been systematically studied up to § months. No longer-term data frorn
clinical trials is available.

Geriatric Use



No systematic studies in geniatric patients have been conducted.

ADVERSE REACTIONS

if adverse reactions are of such severity that the drug must be discontinued, the physician must be aware
that abrupt discontinuation of any anticonvulsant drug in a responsive epileptic patient may lead to
seizures or even status epilepticus with its life-threatening hazards.

The most severe adverse reactions have been observed in the hemopoietic system (see boxed
WARNING), the skin, and the cardiovascular system.

The most frequently observed adverse reactions, particularly during the initial phases of therapy, are
dizziness, drowsiness, unsteadiness, nausea, and vomiting. To minimize the possibility of such reactions,
therapy should be initiated at the tow dosage recommended.

The following additional adverse reactions have been reported:

Hemopoietic System: Aplastic anemia, agranulocytosis, pancytopenia, bone marrow depression,
thrombocytopenia, leukopenia, leukocytosis, eosinophilia, acute intermittent porphyria.

Skin: Pruritic and erythematous rashes, urticaria, toxic epideimal necrolysis (Lyell's syndrome) (see
WARNINGS), Stevens-Johnson syndrome (see WARNINGS), photosensitivity reactions, alterations in
skin pigmentation, exfoliative dermatitis, erythema multiforme and nodosum, purpura, aggravation of
disseminated lupus erythematosus, alopecia, and diaphoresis. In certain cases, discontinuation of

therapy may be necessary. Isclated cases of hirsutism have been reported, but a causai relationship is
not clear,

Cardiovascular System: Congestive heart failure, edema, aggravation of hypertension, hypotension,
syncope and collapse. . ,gravation of coronary artery disease, arrhythmias and AV block,
thrombophlebitis, thrombecembolism, and adenopathy or lymphadenopathy.

Some of these cardiovascular complications have resulted in fatalities. Myocardial infarction has been
associated with other tricychic compounds.

Liver: Abnormalities in {iver function tests, cholestatic and hepatoceliuiar jaundice, hepatitis.

Respiratory System: Pulmonary hypersensitivity characterized by fever, dyspnea, pneumonitis, or
pneumonia.

Genitourinary System: Urinary frequency, acute urinary retention, oliguria with elevated blood pressure,
azotemia, renal failure, and impotence. Albuminuria, glycosuria, elevated BUN, and microscopic deposits
in the urine have also been reported.

Testicular atrophy occurred in rats receiving Tegretol orally from 4-52 weeks at dosage levels of 50-400
mag/kg/day. Additionally. rats receiving Tegretol in the diet for 2 years at dosage levels of 25, 75, and 250
mg/kg/day had & dose-related incidence of testicular atrophy and aspermatogenesis. In dogs, it produced
a brownish discoloration. presumably a metabolite, in the urinary bladder at dosage leveis of 50 mg/kg
anc higher. Relevance of these findings to humans is unknown.

Nervous Systern: Dizziness. drowsiness, disturbances of coordination, confusion, headache, fatigue,



blurred vision, visual hallucinations, transient diplopia, oculomotor disturbances, nystagmus, speech
disturbances, abnormal involuntary movements, peripherat neuritis and paresthesias, depression with
agitation, talkativeness, tinnitus, and hyperacusis.

There have been reports of associated paralysis and other symptoms of cerebral arterial insufficiency, but
the exact relationship of these reactions to the drug has not been established.

Isolated cases of neuroleptic malignant syndrome have been reported with concomitant use of
psychouropic drugs.

Digestive System: Nausea. vomiting, gastric distress and abdominal pain, diarrhea, constipation,
anorexia, and dryness of the mouth andg pharynx, ircluding glossitis and stomatitis.

Eyes: Scattered punctate cortical lens opacities, as well as conjunctivitis, have been reported. Although a
direct causal relationship has not been established, many phenothiazines and related drugs have been
shown to cause eye changes.

Musculoskeletal System: Aching joints and muscles, and leg cramps.

Metabolism: Fever and chills. Inappropriate antidiuretic hoarmone (ADH) secretion syndrome has been

reported. Cases of frank water intoxication, with decreased serum sodium (hyponatremia) and confusion,

have been reported in association with Tegretol use (see PRECAUTIONS, Laboratory Tests). Decreased
levels of plasma calcium have been reported.

Other: Isolated cases of a lupus erythematosus-like syndrome have been reported. There have been
occasional reports of elevated levels of cholesterol, HDL cholesterol, and triglycerides in patients taking
anticonvulsants.

A case of aseptic meningitis. accompanied by myoclonus and peripheral eosinophilia, has been reported
in a patient taking carbamazepine \n combination with other medications. The patient was successfully
dechallenged, and the memingiis reappeared upon rechallenge with carbamazepine.

DRUG ABUSE AND DEPENDENCE

No evicence of abuse potential has been associated with Tegretol, nor is there evidence of psychological
or physical dependence in humans.

OVERDOSAGE

Acute Toxicity

Lowest known lethal dose: adults, >60 g (39-year-old man). Highest known doses survived: adults, 30 g
(31-year-old woman), children, 10 g (6-year-old boy), small children, 5 g (3-year-old girt).

Oral LDy, in amimals (mg/kg): mice, 1100-3750; rats, 3850-4025; rabbits, 1500-2680; guinea pigs, 920.
Signs and Symptoms
The first signs and symptoms appear after 1-3 hours. Neuromuscular disturbances are the most

prominent. Cardiovascular disorders are generally milder, and severe cardiac complications occur only
when very high doses (>60 g) have been ingested.



Respiration: \rregular breathing, respiratory dupression.

Cardiovascular System: Tachycardia, hypotension or hypertension, shock, conduction disorders.
Nervous System and Muscles: Impairment of consciousness ranging in severity to dee, coma.
Convuisions, especially in small children. Mutor restlessness, muscular twitching, tremor, athetoid
movements, opisthotonos, ataxia, drowsiness, dizziness, mydriasis, nystagmus, adiadochokinesia,
ballism, psychomotor disturbances, dysmetria. Initial hyperrefiexia, followed by hyporefiexia.
Gastrointestinal Tract: Nausea, vomiting.

Kidneys and Bladder: Anuria or cliguria, urinary retention.

Laboratory Findings: |solated instances of overdosage have included leukocytosis, reduced leukocyte
count, glycosuria and acetonuria. EEG may show dysrhythmias.

Combined Poisoning: When aicohal, tricyclic antidepressants, barbiturates, or hydantoins are taken at
the same time, the signs and symptems of acute poisoning with Tegretot may be aggravated or madified.

Treatment

The prognosis in cases of s2vere poisoning is critically dependent upon prompt elimination of the drug,
which may be achieved by inducing vomiting, irrigating the stomach, and by taking appropriate steps to
diminish absorption. if thes.e measures cannot be implemented without risk on the spot, the patient should
be transferred at once to 2 hospital, while ensuring that vital functions are safeguarded. There is no
specific antidote.

Elimination of the Drug: Induction of vomiting.

Gastric lavage. Even when more than 4 hours have elapsed following ingestion of the drug, the stomach
should be repeatedly irrigated, especialy if the patient has also consuimed alcohol.

Measures to Reduce Absorption: Activated charcoal, laxatives.
Measures to Accelerate Eiimination: Forced diuresis.

Dialysis i1s indicated oniy in severe poisoning associated with renal failure. Replacement transfusion is
indicated in severe poisgning 1n small children.

Respiratory Depression: Keep the airways free; reson, if necessary, to endotracheal intubation,
artificial respiration, and admunistration of oxygen.

Hypotension, Shock: Keep the patient's legs raised and administer a plasma expander. If biood
pressure {ails to rise despite measures taken to increase plasma volume, use of vasoactive substances
should bz considered.

Convulisions: Diazepam cr barbiturates.

Warring: Diazepam or barbiturates may aggravate respiratory depression (especially in children),

hypotension, and coma. However, barbiturates shouid not be used if drugs that inhibit monoamine
oxigase have also been taken by the patient either in overdosage or in recent therapy (within 1 week).
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Surveillance: Respiration, cardiac runction (ECG monitoring), blood pressure, body temperature, pupillary
reflexes, and kidney and bladder function should be monitored for several days.

Treatment of Blood Count Abnormalities: If evidence of significant bone marrow depression develops,
the following recommendations are suggested: (1) stop the drug, {Z) perform daily CBC, piatelet, and
reticulocyte counts, (3) de a bone marrow aspiration and trephine biopsy immediately and repeat with
sufficient frequency to monitor recovery.

Special periodic studies might be helpful as follows: (1) white cell and platelet antibodies, (2) *Fe -
ferrokinetic studies, (3) peripheral blood cell typing, (4) cytogenetic studies on marrow and peripheral
blood, (5) bone marrow culture studies for colony-forming units, (6) hemoglobin electrophoresis for A,and
F hemoglobin, and (7) serum folic acid and B, levels.

A fully deveioped aplastic anemia will require appropriate, intensive monitoring and therapy, for which
specialized consultation should be sought.

DOSAGE AND ADMINISTRATION (see table below)

Monitoring of blood levels has increased the efficacy and safety of anticonvulsants (see PRECAUTIONS,
Laboratory Tests). Dosage should be adjusted to the needs of the individual patient. A low initial daity
dosage with a gradual increase is advised. As soon as adequate control is achieved, the dosage may be
reduced very gradually tc the minimum effective level. Medication should be taken with mealis.

Since a given dose of Tegretol suspension will produce higher peak levels than the same dose given as
the tablet, it is recommendead to stait with low doses (children 6-12 years: 1/2 teaspoon q.i.d.) and to
increase slowly to avoid unwanted side effects.

Conversion of patents from oral Tegretol tablets to Tegretol suspension: Patients should be converted by
administering the same numger of mg per day in smailer, more frequent doses (i.e., b.i.d. tablets to t.i.d.
suspension).

Tegretol-XR is an extenged-release formulation for twice-a-day administration. When con serting patients
from Tegretol conventional tablets to Tegretol-XR, the same total daily mg dose of Teg.t0l-XR should be
administered. Tegretol-XR tablets must be swallowed whole and never crushed or chewed.
Tegretol-XR tablets should be inspected for chips or cracks. Damaged tablets should not be consumed.

Epilepsy (see INDICATIONS AND USAGE;)

Adults and children over 12 years of age - Initia!: Either 200 mg b.i.d. for izblets.and XR tablets, or 1
teaspoon q.i.d. for suspension (400 mg/day}. Increasa at weekly intervals by adding up ic 200 mg/day
using a b.i.d regimen of Tegretol-XR ar a t.i.d. or g.i.d. regimen of the other formulations until the opiims!
response is oLtained. Dosage generally should not exceed 1000 mg daily in children 12-15 years of age,
and 1200 mg dany \n patients above 15 years of age. Doses up to 1600 mg daily have been used in adults
in rare instances. Maintenance: Adjust dosage to the minimum effective level, usually 800-1200 mg daily.
Children 6-12 years <t age - Initial: Either 100 mg b.i.d. for :atlets or XR tablets, or 1/2 teaspoon q.i.d.
for suspension (200 mg/uay). Increase at weekly intervals by adding up to 100 mg/day using @ b.i.d.
regimen of Tegretol-XR or & *.!.d. or q.i.d. regimen of the other formu:ations untii the optimal respense is
obtained. Dosage generally snculd not exceed 1000 mg daily. Mantenanca: Adjust dosage to the
minimum effective ievei. usually 400-800 mg aaily.
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Children under 6 years of age - Initial: 10-20 mg/kg/day b.i.d. or t.i.d. as chewable tablets. or q.i.d. as
suspension. Increase weekly to achieve optimal clinical response administered t.i.d. or q.i.d. /
Maintenance: Ordinarily. optimal clinical response 1s achieved at dzily doses below 35 mg/kg. If
satisfactory clinical response has not been achieved, plasma levels shouid be measured to determine
whether or not they are in the therapeuiic range. No recommendation regarding the safety of
carbamazepine for use at doses above 35 mg/kg/24 hours can be made.

Combination Therapy: Tegretol may be used alone or with other anticonvulsants. When added to
existing anticonvulsant therapy, the drug should be added gradually while the other anticonvulsants are
maintained or gradually decreased, except phenytoin, which may have to be increased (see
PRECAUTIONS, Drug Interactions, and Pregnancy Category C).

Trigeminal Neuraigia (see INDICATIONS AND USAGE) i

Initial: On the first day, either 1C0 mg b.i.d. for tablets or XR tablets, or 1/2 teaspocn q.i.d. for
suspension, for a total daily dose of 200 mg. This daily dose may be increased by up to 200 mg/day
using increments of 100 mg every 12 hours for tablets or XR tablets, or 50 mg (1/2 teaspoon) q.i.d. for
suspension, only as needed to achieve freedom from pain. Do not exceed 1200 mg daily. Maintenance:
Control of pain can be maintained in most patients with 400-800 mg daily. However, some patients may
be maintained on as little as 200 mg daily, while others may require as much as 1200 mg daily. At ieast
once every 3 months thrcughout the treatment period, attempts should be made to reduce the dose to the
minimum effective level or even to discontinue the drug.

HOW SUPPLIED

Chewable Tablets 100 mg - round, red-speckled, pink, single-scored (imprinted Tegretol on wne side and
52 twice cn the scored side)

Bottles of 100. ... .., NDC 58887-052-30
Unit Dose {blister pack)
Box of 100 (strips of 10). ... ...cooviiiil NDC 58887-052-32

Do not store above 86°F (30°C). Protect from light and moisture. Dispense in tight, light-resistant
container (USP),

Tabiets 200 mg - capsuie-shaped, pink, single-scored (imprinted Tegretol on one side and 27 twice on
the partially scored sice)

Bottles of 100.. ... . .. STPRRORSTO ORI NDC 58887-027-30
Bottles of 1000 ... . . . e NDC 58887-027-40
Unit Dose (blister pack)

Box of 100 (stnps of 10).........ccccoi i NDC 58R87-027-32

Do not store above 86°F (30°C). Protect from moisture. Dispense in tight container (USP).

XR Tablets 100 mg - rcung, yellow, coated (imprinted T on one side and 100 mg on the other), release
portal on one side

Bottles of 100, . . e, NDC 0083-0061-30
Unit Dose (blister pack)
Box of 100 (strips of 10} NDC 0083-0061-32

XR Tablets 200 mg - round, pink, coated (imprinted T on one side and 200 mg on the other), release
portal on one side
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Bottles of 100................ SUUUR U $:0C 0083-0062-30
Unit Dose (blister rack) |
Box of 100 (strips of 10).... .......cccoennn. NUC G083-0082-32

XR Tablets 400 mg - round, brown, coated (imprinted T on one side and 400 mg on the other), release
porta) on one side

Bottles of 100................. e NDC 00'33-0060-30
Unit Dose (blister pa~k)
Box of 100 (strips of 10).......cccccoeevvinnne NDC 0083-0060-32

Store at controlled room temperature 15°-30°C (59°-86°F). Protect from moisture. Dispense in tight
container (USF).

Samples, when available, arz identified by the word SAMPLE appearing on each tablet.
Suspension 100 mg/5 mL (teaspoonj - yeilow-orange, citrus-vanitia flavored

Bottles of 450 mL............ooiiii, NDC 58887-019-76
Shake well before using.

Do not store above 86°F (30°C). Dispense in tight, light-resistant container (USP).

decc: cidociuke - tolabeling.fda
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NDA 20-234

Ciba-Geigy Corporation
Attention: Adrian L. Birch
556 Morris Avenue
Summit, NJ 07901-1398

Dear Mr. Birch:

Hat-

o #0

JAN 2 2 1996

Please refer to your October 31, 1991 New Drug Application (NDA) submitted under section
505(b) of the Federal Food, Drug, and Cosmetic Act for Tegretol*-XR (carbamazepine extended
release tablets) 100 mg, 200 mg, and 400 mg tablets.

We acknowledge receipt of ycur amendments dated:

February 20, 1992
May 11, 1992
August 25, 1992
November 17, 1992
March 3, 1993
August 16, 1993
Decemnber 14, 1993
June 3, 1994

July 18, 1995
October 16, 1995
November 21, 1995

February 27, 1992
June 10, 1992
September, 9, 1992
January 19, 1993
June 10, 1993
October 18, 1993
March 9, 1994
June 8, 1994
October 4, 1995
October 17, 1995
Noveinber 22, 1995

March 27, 1992
August 3, 1992
November 5, 1992
February 23, 1993
June 23, 1993
November 15, 1993
March 29, 1994
August 16, 1994
October 6, 1995
QOctober 24, 1995
December 11, 1995

We have completed the review of this application as submitted with draft labeling, and it is
approvable. Before this application may be approved, however, it will be necessary for you to
respond to the following requests and coraments:

1. Please submit final printed labeling (FPL) for the drug. The labeling should be identical
in content to the enclosed marked-up draft labeling. If additional information relating to
the safety or effectiveness of this drug becomes available, revision of the FPL may be

required.

2. As you are aware, our inspection revealed that, contrary to your assertion in the NDA, not

all plasma samples in Protocol 91012 were analyzed in
were analyzed at the

some plasma samples

We request that you provide documentation
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of the site(s) of analysis of ail plasma samples for all patients in the study, or at least
documentation (if true) that all plasma samgles from 2 giver: patient were analyzed at a
single site.

3. Our Division of Biopharmaceutics has established interim dissolution specifications for
testing dissolution properties of Tegretol-XR 100, 200, and 400 mg tablets. The
dissolution specifications are as follows:

Apparatus:

Medium:

Volume:

Sampling time:

Q values: 5 hours
6 hours
12 hours
24 hours

We request that you submit dissolution profiles of 12 tablets each from three consecutive
production lots, upon approval, to set the final dissolution specifications for this product.

4, The report (Ref 24 and 25) on the correlation between in vivo absorption rate and in vitro
dissolution rate is very interesting and encouraging. The use of plasma concentration-timne
data from protocol 32 should be analyzed further before the ccrrelations may be used to
allow minor changes in formulations, manufacturing processes and site changes.

5. Validation of the regulatory methods has not been completed. At the present time, it is
the policy of the Center not to withhold approval because the methods are being validated.
Nevertheless, we expect your continued cooperation to resolve any problemms that may be
identified.

6. Please note that the establishment inspections have not yet been completed. We cannot
approve this application until satisfactory Establishment Inspection Reports have been
received for all facilities involved in the manufacture and packaging of the bulk drug and
the drug product.

In addition, please submit three copies of the introductory promotional material that you propose
to use for this product. All proposed materials should be submitted in draft or mock-up form, not
final print. Please submit one copy to this Division and two copies of both the promotional
material and the package insert directly to:
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Food and Gnig Administration

Division of Drug Marketing, Advertising and Communications,
HFD-40

5600 Fishers Lane

Rockville, Maryland 20857

Please submit sixteen copies of the printed labeling, ten of which are individually mounted on
heavy weight paper or similar material.

Within 10 days after the date of this letter, you are required to amend the application, notify us
of your intent to file an amendment, or follow one of your other options under 21 CFR 314.110.
In the absence of such action FDA. mzay take action to withdrav/ the application.

The drug may not be legally marketed until you have been notified in writing that the application
15 approved.

Should you have any questions, please contact:

Steven D. Hardeman, R.Ph.
Repulatory Management O.ficer
Telephone: (301) 594-2777

Sincerely yours,

JZJ.J’(&:({« 556

Robert Tempie, M.D.

Director

Office of Drug Evaluation I

Center for Drug Evaluation and Research

Enclosure: Draft Labeling



Sumnary Basis of Approval - NONE
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EXCLUSIVITY SUMMARY for NDA # A9-AF ¥ SUPPL #

Trade Name Z2ace%/-¥£ Generic Name(arbazes e
Applicant Nam . ' HFD-_/2e

Appioval Date .42 b) z:q_ 6

PART 1 IS AN EXCLUSIVITY DETERMINATION NEEDED?

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

a) Is it an original NDA?
YES /v7 NO/_J

b) Is it an effectiveness supplement?
YES /_/ NO/__/
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 bijoavailability
or bioequivalence data, answer “no.")

YES/ _/ NO /_«/

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 argumcms made by the applicant
that the study was not simply a bioavailability study.

NOA cowssty of 5 bioavailadi/hy studies 4"’( a ”;V]/‘
L4 d 7 y 1k uman) pgrimafes.
If it is a“upplenierit 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:

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



d) Did the applicant request exclusivity?
YES / __44 NO/__/

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.

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

YES/ [/ NO/ Y/
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 DESI upgrade?

YES/_/ NO /|_//

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 II FIVE-YEAR EXCLUSIVITY FOR NEW CHEMICAL ENTITIES
(Answer cither #1 or #2, as appropriate)

1.

Single active ineredi _

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 metaboiic conversion (other than deesterification of an esterified
form of the drug) to produce an already approved active moiety.

YES /v/ NO/__s

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

NDA # /b~ (0 % 7’ej,r.¢,/a/
NDA #
NDA #

If the product contains more than one active moiety (as defined in Part II, #1), has FDA
previously approved an application under section 505 containing any one of the active
moieties in the drug product? If, for exampie, 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/ | NG/ |/

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

NDA #
NDA #
NDA #

IF THE ANSWER TO QUESTION 1 OR 2 UNDER PART II IS "NO," GO DIRECTLY TO
THE SIGNATURE BLOCKS ON PAGE 8. IF "YES," GO TO PART III.
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PART Il THREE-YEAR EXCLUSIVITY FCR.NDA'S AND SUPPLEMENTS

To qualify for three years of exclusivity, 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 apFlicant. " This section should be completed only

if the answer to PART II, Question 1 or 2, was

1.

yes. "

Does the application contain reports of clinical investigations? (The 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 application, 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 / _/ NO /__1/

IF "NO," GO DIRECTLY TO THE SIGNATURE BLOCKS ON PAGE 8.

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 approvatl 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) appiication 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 publicly
available data that independently would have been sufficicit to support approval of the
application, without reference to the clinical investigation subn-itted 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/ / NO/__J
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(b)

(c)

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

Did the applicant submit a 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/_/

(1) If the answer to 2(b) is "yes," do you personally know of any reason to
disagree with the applicant's conclusion? If not applicable, answer NO.

YES/ / NO/_ |/

If yes, explain:

(2) If the answer to 2(b) is "no," are you aware of published studies not
conducted or sponsored by the applicant or other publicly available data
that could independently 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 #




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,
1.e., does not redemonstrate something the agency consicers to have been demonstrated
in an already approved application.

a)

b)

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/__/
Investigation #3 YES/ / NO/_ 7

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

NDA # Study #
NDA # Study #
NDA # Study #

For each investigation identified as "essential to the approval,” does the
investigation duplicate the results of anotber investigation ihat was relied on by the
agency to support the effectiveness of a previously approved drug product?

Investigation #1 YES/_/ NO/_ /
Investigation #2 YES/_ / NO/__/
Iavestigation #3 YES/ [/ NO/__ ¢/

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

NDA # Study #
NDA# __ Study#
NDA # Study #

Page 6



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

Investigation #__, Study #

Investigation #_, Study #

Investigation #_, Study #

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 applicant 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
stlgdy. 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 !
!
IND # YES / /! NO/__/ Explain:
T )

Investigation #2 ! '

IND # YES/ / ! NO/ / Explain:
_ —

(b) For each investigation not carried out under an IND or for which the applicant was
not identitied as the sponsor, did the applicant certify that it or the applicant's
pred=cessor in interest provided substantial support for the study?

Investigation #1 !
!
YES/ _/Explain ! NO/__/ Explain
— - —

!
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Investigation #2 !
!

YES/__/ Explain ! NO/__/ Explain

.

b .

(©) 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 conducted the studies sponsored or
conducted by its predecessor in interest.)

YES/ _/ NO/ _/
If yes, explain:
,ﬁm\ 5. fbndwmo  5/59/76
Signature " Date
Title: __ /%2
Zu—-—- g [ /éc
ignature of Division Director Date
cc: Original NDA Division File HFD-85 Mary Ann Holovac
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Pediatric Checklist - N/A since not NME
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NDA 20-234
TEGRETOL-XR
(carbamazepine, USP)

Basel Pharmaceuticals
Division of CIBA-GEIGY Corporation
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carbamazepine
100 mg, 200 mg & 400 mg
Tegretol-XR

Oral tablet, sustained release

Division of CIBA-GEIGY Corporation
20-234
Pending

New Dosage Form, New Strength
Three years from effective approval

1. US 5,284,662, expiring Feb. 8, 2011
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Chewable Tablets of 100 mg - red-speckied, pink
Tablets of 200 mg - pink
Suspension of 100 mg/5ml.

Tegretol®-XR

(carbamazepine extended-release tablets)
100 mg, 200 mg, 400 mg

Prescribing Information

WARNING

APLASTIC ANEMIA AND AGRANULOCYTOSIS HAVE BEEN REPORTED IN
ASSOCIATION WITH THE USE OF TEGRETOL. DATA FROM A POPULATION-
BASED CASE CONTROL STUDY DEMONSTRATE THAT THE RISK OF
DEVELCPING THESE REACTIONS IS 5-8 TIMES GREATER THAN IN THE
GENERAL POPULATICON. HOWEVER, THE OVERALL RISK OF THESE
REACTIONS IN THE UNTREATED GENERAL POPULATION IS LOW,
APPROXIMATELY SIX PATIENTS PER ONE MILLION POPULATION PER YEAR
FOR AGRANULOCYTOSIS AND TWO PATIENTS FER ONE MILLION POPULATION
PER YEZ?R FOR APLASTIC ANEMIA.

ALTHOUGH REPORTS OF TRANSIENT OR PERSISTENT DECREASED
PLATELET OR WHITE BLOOD CELL COUNTS ARE NOT UNCOMMON IN
ASSOCIATION WITH THE USE OF TEGRETOL, DATA ARE NOT AVAILABLE TO
ESTIMATE ACCURATELY THEIR INCIDENCE OR OUTCOME. HOWEVER, THE
VAST MAJORITY OF THE CASES OF LEUKOPENIA HAVE NOT PROGRESSEDN
TO THE MORE SERIOUS CONDITIONS OF APLASTIC ANEMIA OR
AGRANULOCYTOSIS.

BECAUSE OF THE VERY LOW INCIDENCE OF AGPRANULOCYTOSIS AND
APLASTIC ANEMIA, THE VAST MAJORITY OF MINOR HEMATOLOGIC CHANGES
OBSERVED IN MONITORING OF PATIENTS ON TEGRETOL ARE UNLIKELY TO
SIGNAL THE OCCURRENCE OF EITHER ABNORMALITY. NONETHELESS,
COMPLETE PRETREATMENT HEMATOLOGICAL TESTING SHOULD BE OBTAINED
AS A BASELINE., IF A PATIENT IN THE COURSE OF TREATMENT EXHIBITS
LOW OR DECREASED WHITE BLOOD CELL OR PLATELET COUNTS, THE
PATIENT SHOULD BE MONITORED CLOSELY. DISCONTINUATION OF THE
DRUG SHOULD BE CONSIDERED IF ANY EVIDENCE OF SIGNIFICANT BONE
MARROW DEPRESSION DEVELOPS.

Before prescribing Tegretol, the physician should be thoroughly familiar withh the details of this
prescribing information, particularly regarding use with other drugs, especially those which
accentuate toxicity potential.



DESCRIPTION

Tegretol, carbamazepine USP, is an anticonvulsant and specific analgesic for trigeminal neuralgia,
availatle for oral administration as chewable tablets of 100 mg, tablets of 200 mg, XR tablets of 100, 200,
and 400 mg, and as a suspension of 100 mg/5mL (teaspoon). Its chemical name is 5H-
dibenz{b,flazepine-5-carboxamide, and its structural formula is

(hgure)

Carbamazepine USP is a white to off-white powder, practically insoluble in water and soiuble in alcohol
and in acetone. Its molecular weight is 236.27.

{nactive Ingredients. Tablets: Colloidal silicon dioxide, D&C Red No, 30 Aluminum Lake (chewable
tablets only), FD&C Red No. 40 (200-mg tablets only), flavoring (chewable tablets only), gelatin, glycerin,
magnesium stearate, sodium starch glycolate (chewable tablets only), starch, steaiic acid, and sucrose
(chewable tablets only). Suspension: Citric acid, FD&C Yellow No. 6, fiavoring, polymer, potassium
sorbata, propylene glycol, purified water, sorbitol, sucrose, and xanthan gum. Tegretol-XR tablets:
cellulose compounds, dextrates, iron oxides, magnesium stearate, mannitoi, polyethylene glycal, sodium
lauryl sulfate, titanium dioxide (200-mg tablets only).

CLINICAL PHARMACOLOGY

In controlled clinical trials, Tegretol has been shown to be effective in the treatment of psychomotor and
grand mal seizures, ¢'s well as trigeminal neuralgia.

Mechanism of Action

Tegretol has demonstrated anticonvulsant properties in rats and mice with electrically and chemically
induced seizures. It appears to act by reducing polysynhaptic responses and blocking the post-tetanic
potentiation. Tegretol areatly reduces or abolishes pain induced by stimulation of the infraorbital nerve in
cats and rats. It depresses thalamic potential and buibar and polysynaptic reflexes, including the
finguomandibular reflex in cats. Tegretol is chemically unrelated to other anticonvulsants or other drugs
used to control the pain of trigeminal neuralgia. The mechanism of action remains unknown.

The principal metabolite of Tegretol, carbamazepine-10,11-epoxide, has anticonvulsant activity as
demonstrated infSEIErISVIVaETIMalmotidiSPfiseiZipe® Though clinical activity for the epoxide has
been postulated, the significance of its activity with respect to the safety and efficacy of Tegretol has not
been established.

Pharmacokinetics

In clinical studies, Tegreiol suspension, conventional tablets, and XR tablets delivered equivalent amounts
of drug to the systemic circulation. However, the suspension was absorbed somewhat faster, and the XR
tablet siightly slower, than the conventional tablet. The bioavailability of the XR tablet was 89% compareu
to suspension. Following a b.i.d. dosage regimen, the suspension provides higher peak levels and lower
trough levels than those obtained from the conventional tablet for the same dosage regimen. On the other
hand, following a t.i.d. dosage reg'men, Tegretol suspension affords steady-state plasma levels
comparable to Tegretol tablets given b.i.d. whan administered at the same total mg daily dose. E6llowirg

b Edasage tegimeniedistiiXR itabletsfford steatytateplasma leYelSARAMIRISISAORONTentGHa!
Tegretoltibistsiniveriit awheradministetediat themanetotalyng dsilyiioses Tegretol in biood is 76%



bound to plasma proteins. Plasma levels of Tegretol are variable and may range from 0.5-25 ng/mL, with
no apparent relationship to the daily intake of the drug. Usual adult therapeutic levels are between 4 and
12 ug/mL. lin polytherapy, the concentration of Tegretol and concomitant drugs may be increased or
decreased during therapy, and drug effects may be aitered (see PRECAUTIONS, Drug Interactions).
Following chronic oral administration of suspension, plasma leveis peak at approximately 1.5 hours
compared to 4-5 hours after administration of conventional Tegretol tablets, and 3-12 hours after
administration of Tegretol-XR tablets. The CSF/serum ratio is 0.22, similar to the 24% unbound Tegretol
in serum. Because Tegretol induces its own metabolism, the half-life is also vanable. The time course of
autoinduction is completed after 3-5 weeks of a fixed dosing regimen; I[nitial half-life values range from
25-65 hours, with 12-17 hours on repeated doses. Tegreto! is metabolized in the liver. Cytochrome P450
3A4 was identified as the major isoform responsible for the formation of carbamazepine-10,11-epoxide
from Tegretol. 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 metabolites, with only 3% of unchanged Tegretol.

The pharmacokinetic parameters of Tegretol disposition are similar in children to those in aduits.

However, there is poor correlation between plasma concentrations of carbamazepine and Tegretol dose in
childrer. Carbamazepine is more rapidly metabolized to carbamazepine-10,11-epoxide in the younger
a5e groups than in aduits. In children below the age of 15, there is an inverse relationship between CBZ-
E/CBZ ratio and increasing age (in one report from 0.44 in children below the age of 1 year to 0.18 in
children between 10-15 years of age).

The ef ects of race and gender on carbamazepine pharmacokinetics have not been systematically
evaluated

INDICATIONS AND USAGE

Epilepsy

Tegretol is indicated for use as an anticonvulsant drug. Evidence supporting efficacy of Tegretol as an
anticonvulsant was derivea from active drug-controlled studies that enrolled patients with the following

seizure types:

1. Partial seizures with complex symptomatology {psychomotor, temporal lobe). Patients with these
seizures appear to show greater improvement than those with other types.

2 Generalized tonic~clonic seizures (grand mal).

3. Mixed seizure pattems which include the above, or other partial or generalized seizures.
Absence seizures (petit mal) do not appear to be controlled by Tegretol (see PRECAUTIONS, Generall.
Trigeminal Neuralgla

Tegretol is indicated in the treatment of the pain associated with true trigeminal neuralgia. Beneficial

results have also been reported in glossopharyngeal neuralgia. This drug is not a simple analgesic and
should not be used for the relief of trivial aches or pains.




CONTRAINDICATIONS

Tegretol should not be used in patients with a history of previous bone marrow depression,
hypersensitivity to the drug, or known sensitivity to any of the tricyclic compounds, such as amitriptyline,
desipramine, imipramine, protriptyline, nortriptyline, etc. Likewise, on theoretical grounds its use with
monoamine oxidase inhibitors is not recommended. Before administration of Tegretol, MAQ inhibitors
should be discontinued for a minimum of 14 days, or longer if the clinical situation permits.

WARNINGS
Patients with a history of adverse hematologic reaction to any drug may be particularly at risk.
Severe dermatologic reactions, including toxic epidermal necrolysis (Lyell's syndrome) and Stevens-

Johnson syndroime, have been reported with Tegretol. These reactions have been extremely rare.
However, a few fatalities have been reported.

Tegretol has shown mild antichaolinergic activity, therefore, patients with increased intraccular pressure
should be closely observed during therapy.

Because of the relationship of the drug to other tricyclic compounds, the possibility of activation of a latent
psychosis and, in elderly patients, of confusion or agitation should be borne in mind.

PRECAUTIONS

Genera!l

Before initiating therapy, a detailed history and physical examination should be made.

Tegretol should be used with caution in patients with a mixed seizure disorder that inciudes atypical
absence seizures, since in these patients Tegretol has been associated with increased frequency of
generalized convulsions (see INDICATIONS AND USAGE).

Therapy should be prescribed only after critical benefit-to-risk appraisal in patients with a history of
cardiac, hepatic, or renal damage; adverse hematologic reaction to other drugs; or interrupted courses of
therapy with Tegretol.

Since a given dose of Tegretol suspension will produce higher peak levels than the same dose aiven
as the tablet, it is recommended that patients given the suspension be started on lower doses and
increased slowly to avoid unwanted side effects (see DOSAGE AND ADMINISTRATION).

Information for Patiunts

Patients should be made aware of the early toxic signs and symptoms of a potential hematologic probiem,
such as fever, sore throat, rash, ulcers in the mouth, easy bruising, petechial or purpuric hemorrhage, and
should be advised to report to the physician immediately if any such signs or symptoms appear.

Since dizziness and drowsiness may occur, patients should be cautioned about the hazards of operating
machine;y or automobiles or engaging in other potentially dangerous tasks.



Laboratory Tests

Complete pretreatment blood counts, including platelets and possibly reticulocytes and serum iron, should
be obtained as a baseline. If a patient in the course of treatment exhibits low or decreased white biood cell
or platelet counts, the patient should be monitored closely. Discontinuation of the drug should be
considered if any evidence of significant bone marrow depression develops.

Baseline and periodic evaluations of liver function, particuiarly in patients with a history of liver disease,
must be perforined during treatment with this drug since liver dam:age may occur. The drug should be
discontinued immediately in cases of aggravated liver dysfunction or active liver disease.

Baseline and periodic eye examinations, including slit-lamp, funduscopy, and tonometry, are
recommended since many phenothiazines and related drugs have been shown to cause eye changes.

Baseline and periodic complete urinalysis and BUN determinations are recommended for patients treated
with this agent because of observed renal dysfunction.

Monitoring of blood levels (see CLINICAL PHARMACOLOGY) has increased the efficacy and safety of
anticonvulsants. This monitoring may be particularly useful in cases of dramatic increase in seizure
frequency and for verification of compliance. In addition, measurement of drug serum levels may aid in
determining the cause of toxicity when more than one medication is being used.

Thyreid function tests have been reponted to show decreased values with Tegretol administered alone.

Hyponawemia has been reported in association with Tegretol use, either alone or in combination with
other drugs.

Interference with some pregnancy tests has oeen reported.
Crug Interactions.

Clinically meaningful drug interactions have occurred with concomitant medications and include, but are
not fimited to, the following:

Agents That May Affect Tegretol Plasma Levels

cimetidine, danazol, diltiazem, macrolides (erythromycin, troleandomycin, clarithromycin),
fluoxetine, terfenadine, isoniazid, niacinamide, nicotinamide, propoxyphene, verapamil,
ketoconazole, valproate®
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cisplatin, doxorubicin HCI, felbamate,! phenobarbital, [ifgfobin. phenytoin, primidone,
theophylline

“increased levels of the active 10,11-epoxide
tdecreased levels of carbamazepine and increased levels of the 10,11-epoxide

Increased Levels: clomipramine HCI, phenytoin, primidone

rres:lretol induceﬁueaqthcms.actwnm.ésmmﬁsgﬁol causes, or.would:beexpected.toc

acetaminophen, alprazolam, clonazepam, dicumarol, doxycycline, ethosuximide,
haloperidol, methsuximide, cral contraceptives, phensuximide, phenytcin, theophylline,
valproate, warfarin

Concomitant administratirn of carbamazepine and lithium may increase the risk of neurotoxic side effects.

Alterations of thyreid function have been reported in combination therapy with other anticonvulsant
medications.

Breakthrough bleeding has been reported among patients receiving concamitant oral contraceptives and
their reliability may be adversely affected.

Carcinogenesis, Mutagenesis, Impairment of Fertility

Carbamazepine, when administered to Sprague-Dawley rats for two years in the diet at doses of 25, 75,
and 250 mg/kg/day, resulted in a dose-related increase in the incidence of hepatocellular tumors in
females and of benign interstitial cell adenomas in the testes of males.

Carbamazepine must, therefore, be considered to be carcinogenic in Sprague-Dawley rats. Bacterial and
mammalian mutagenicity studies using carbamazepine produced negative results. The significance of
these findings relative to the use of carbamazepine i humans is, at present, unknown.

Pregnancy Category C

Tegretoi has been shown to have adverse effects in reproduction studies in rats when given orally in
dosages 10-25 times the maximum human daily dosage of 1200 mg. In rat teratology studies, 2 of 135
offspring showed kinked ribs at 250 mg/kg and 4 of 113 offspring at 650 mg/kg showed other anomalies
(cleft palate, 1, talipes, 1, anophthalmos, 2}. in reproduction studies in rats, nursing offspring
demanstrated a lack of weight gain and an unkempt appearance at a matemal dosage level of 200 mg/kg.

In humans, transplacental passage of Tegretol is rapid {30-60 minutes), and the drug is accumulated in
fetal tissues, with higher levels found in liver and kidney than in brain and lung.

There are no adequate and well-controlled studies in pregnant women. Epidemiological data suggest that



there may be an association between the use of carbamazepine during pregnancy and congenital
malformations, including spina bifida. Tegreto! should be used during pregnancy only if the potential
benefit justifies the potential risk to the fetus.

Retrospective case reviews sdggest that, compared with monotherapy, there may be a higher prevalence
of teratogenic effects associated with the use of anticonvulsants in combination therapy. Therefore,
monotherapy is fecommended for pregnant women. '

Itis important to note that anticonvulsant drugs should not be discontinued in patients in whom the drug is
administered to prevent major seizures because of the strong possibility of precipitating status epilepticus
with attendant hypoxia and threat to life. In individua! cases where the severity and frequency of the
seizure disorder are such that removal of medication does not pose a serious threat to the patient.
discontinuation of the drug may be considered prior to and during pregriancy, although it cannot be said
with any confidence that even minor seizures do not pose some hazard to the developing embryo or fetus.

Labor and Delivery

The effect of Tegretol on human labor and delivery is unknown.

Nursing Mothers

[Notesto:sponsoriRleasesupplyghemvidenceithat supportsithefoliowingstalicized statement]

Tegretol and its epoxide metabolite are transferred to breast milk. The ratio of the concentration in breast
milk to that in mataernal plasma is about 0.4 for Tegretol and about 0.5 for the epoxide. The estimated
doses given to the newborn during breast feecing are in the range of 2-5 mg daily for Tegretol and 1-2 mg
daily for the epoxide.

Because of the potential for serious adverse reactions in nursing infants from carbamazepine, a decision
should be made whether to discontinue nursing or to discontinue the drug, taking into account the
importance of the drug to the mother.

Pediatric Use

Substantial evidence of Tegretol's efi. -iiveness for use in the management of children with epilepsy (see
Indicatiuns for specific seizure types) is derived from clinical investigations performad in adults and from
studies in several in vitro systems which support the conclusion that (1) the pathogenetic mechanisms
underlying seizure propagation are essentially identical in adults and children, and (2) the mechanism of
action of carbamazepine in treating seizures is essentially identical in adults and children.

Taken as a whole, this information supports a conclusion that the generally accepted therapeutic range of
total carbamazepine in plasma (i.e., 4-12 mcg/mL) is the same in children and adults.

The evidence assembied was primarily obtained from short-term use of carbamazepine. The safety of
carbamazepine in children has been systematically studied up to 6 months. No longer-term data from
clinical trials is available.

Geriatric Use

No systematic studies in geriatric patients have been conducted.



ADVERSE REACTIONS

If adverse reactions are of such severity that the drug must be discontinued, th » physician must be aware
th.at abrupt discontinuation of any anticonvuisant drug in a responsive epileptic patient may lead to
Seizures or even status epilepticus with its life-threatening hazards.

The most severe adverse reactions have been observed in the hemopoietic system (see boxed
WARNING), the skin, and the cardiovascular system.

The most frequently observed adverse reactions, particular' during the initial phases of therapy, are
dizziness, drowsiness, unsteadiness, nausea, and vomiti _. To minimize the passibility of such reactions,
therapy should be initiated at the iow dosage recommended.

The following additional adverse reactions have been reported:

Hemopoletic System: Aplastic anemia, agranulocytosis, pancytopenia, bore marrow depression,
thrombocytopenia, ieukopenia, leukocytosis, eosinophilia, acute intermittent porphyria.

Skin: Pruritic and erythematous rashes, urticaria, toxic epidermal necrolysis (Lyell's syndrome) {(see
WARNINGS), Stevens-Johnson syndrome (see WARNINGS), photosensitivity reactions, alterations in
skin pigmentaticn, exfoliative dermatitis, erythema muitiforme and nodosum, purpura, aggravation of
disseminated lupus erythematosus, alopecia, and diaphoresis. In certain cases, discontinuation of
therapy may be necessary. lsolated cases of hirsutism have been reported, but a causal relationship is
not clear.

Cardiovascular System: Congestive heart failure, edema, aggravation of hypertension, hypotension,
syncope and collapse, aggravation of coronary artery disease, arrhythmias and AV block,
thron.oophlebitis, thromboembolism, and adenopathy or lymphadenopathy.

Some of these cardiovascular complications have resulted in fatalities. Myocardial infarction has been
associated with other tricyclic compounds.

Liver: Abnormalities in liver function tests, cholestatic and hepatocellular jaundice, hepatitis.

Respiratory System: Pulmonary hypersensitivity characterized by fever, dyspnea, pneumonitis, or
pneumonia.

Genitourinary System: Urinary frequency, acute urinary retention, cliguria with elevated blood pressure,
azotemia, renal failure, and impotence. Albuminuria, glycosuria, elevated BUN, and microscopic deposits
in the urine have also been reported.

Testicular atrophy occurred in rats receiving Tegretol orally from 4-52 weeks at dosage levels of 50-400
mg/kg/day. Additionally, rats receiving Tegretol in the diet for 2 years at dosage levels of 25, 75, and 250
mg/kg/day had a dose-re'ated incidence of testicular atrophy and aspermatogenesis. in dogs, it produced
a brownish discoloration, presumably a metabolite, in the urinary bladder at dosage levels of 50 mg/kg
and higher. Relevance of these findings to humans is unknown.

Nervous System: Dizziness, drowsiness, disturbances of coordination, confusion, headache, fatigue,
blurred vision, visual hallucinations, transient diplopia, oculor.iotor disturbances, nystagmus, speech
disturbances, abnormal involuntary movements, peripheral neuritis and paresthesias, depression with
agitation, talkativeness, tinnitus, and hyperacusis.



There have bqen reports of associated paralysis and other symptoms of cerebral arterial insufficiency, but
the exact relationship of these reactions to the drug has not been established.

isolated cases of neuroleptic malignant syndrome have been reported with concomitant use of
psychotropic drugs.

Digestive System: Nausea, vomiting, gastric distress and abdominal pain, diarrhea, constipation,
anorexia, and dryness of the mouth and pharyn, including glossitis and stomatitis.

Eyes: Scattered punctate cortical lens opacities, as weii as conjunctivitis, have been reported. Although a
direct causal relationship has not been established, mary phencthiazines and related drugs have been
shown to cause eye ciianges.

Musculoskeletal System: Aching joints and muscles, and leg cramps.

Metabolism: Fever and chiils. inappropriate antidiuretic hormone (ADH) secretion syndrome has been
reported. Cases of frank water intoxication, with decreased serum sodium (hyponatremia) and confusion,
have been reported in association with Tegretol use (see PRECAUTIONS, Laboratory Tests). Decreased
‘evels of plasma calcium have been reported.

Other: Isolated cases of a lupus erythematosus-like syndrome have been reported. There have been
occasional reports of elevated levels of cholesterol, HDL cholesterol, and triglycerides in patients taking
anticonvuisants.

A case of aseptic meningitis, accompanied by myoclonus and peripheral eosinophilia, has been reported
in a patient taking carbamazepine in combination with other medications. The patient was successfully
dechallenged, and the meningitis reappeared upon rechallenge with carbamazepine.

DRUG ABUSE AND DEPENDENCE

No evidence of abuse potential has been associated with Tegretol, nor is there evidence of psychological
or physical dependence in humans.

OVERDOSAGE

Acute Toxicity

Lowest known lethal dose: adultz. >60 gy (39-year-old man). Highest known doses survived: adults, 30 g
(31-year-old woman); children, 10 :, (6-year-old boy); small children, 5 g (3-year-oid girl).

Oral LDy in animals (mg/kg): mice, 1100-3750; rats, 3850-4025; rabbits, 1500-2680; guinea pigs, 920.
Signs and Symptoms

The first signs and symptoms appear after 1-3 hours. Neuromuscular disturbances are the most
prominent. Cardiovascular disorders are generally milder, and severe cardiac complications occur only
when very high doses (>60 g) have been ingested.

Respiration: Irregular breathing, respiratory depression.

Cardiovascular System: Tachycardia, hypotension or hypertension, shock, conduction disorders.



Nervous System and Muscles: Impairment of consciousness ranging in severity to deep coma.
Convulsions, especially in small child-en. Motor restlessness, muscular twitching, tremor, athetoid
movements, opisthotonos, ataxia, drowsiness, dizziness, mydriasis, nystagmus, adiadochokinesia,
baliism, psychomotor cisturbances, dysmetria. Initial hyperrefiexia, followed by hyporeflexia.

Gastrointestinal Tract: Nausea, vomiting.
Kidneys and Bladder: Anuria or oliguria, urinary retention.

Laboratory Findings: Isolated instances of overdosage have included leukocytosis, reduced leukocyte
count, glycosuria and acetonuria. EEG may show dysrhythmias.

Combined Poisoning: When alcohol, tricyclic antidepressants, barbiturates, or hydantoins are taken at
the same time, the signs and symptoms of acute poisoning with Tegretol may be aggravated or modified.

Treatment

The prognosis in cases of severe poisoning is critically dependent upon prompt elimination of the drug,
which may b ..chieved by inducing vomiting, irrigating the stomach, and by taking appropriate steps to
diminish absorption. If these measures cannot be implemented without risk on the spot, the patient should
be transferred at once to a hospital, while ensuring that vital functions are safeguarded. There is no
specific antidote.

Elimination of the Drug: Induction of vomiting.

Gastric lavage. Even when more than 4 hours have elapsed foliowing ingestion of the drug, the stomach
should be repeatedly irrigated, especially if the patient has also consumed alcohol.

Meesures to Reduce Absorption: Activated charcoal, laxatives.
Measures to Accelerate Elimination: Forced diuresis.

Dialysis is indicated only in severe poisoning associated with renal failure. Replacement transfusion is
indicated in severe poisoning in small children.

Respiratory [epression: Keep the airways free; resort, if necessary, to endotracheal intubation,
artificial respiration, and administration of oxygen. -

Hypotension, Shock: Keep the patient's legs raised and administer a plasma expander. If blood
pressure fails to rise despite measures taken to increase plasma volume, use of vasoactive substances
should be considered.

Convulisions: Diazepam or barbiturates.

Waming: Diazepam or barbiturates may aggravate respiratory depression (especially in chiidren),
hypotension, and coma. However, barbiturates should ngt be used if drugs that inhibit monoamine
oxidase have also been taken by the patient either in overdosage or in recent therapy (within 1 week).

Surveillance: Respiration, cardiac function (ECG monitoring), blood pressure, body temperature, pupillary
refiexes, and kidney and bladder function should be monitored for several days.
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Treatment of Blood Count Abnormalities: If evidence of significait bone marrow depression develops,
the following recommendations are suggested: (1) stop the drug, (2) perform daily CBC, platelet, and
reticulocyte counts, (3) do a bone marrow aspiration and trephine biopsy immediately and repeat with
sufficient frequency to monitor recovery.

Special periodic studies might be helpful as foliows: (1) white cel and platelet antibodies, (2) **Fe -
ferrokinetic studies, (3) peripheral biood celi typing, (4) cytogenetic studies on marrow and peripheral
blood, (5) bone mamrow cuiture studies for colony-forming units, (6) hemogiobin electrophoresis for A, and
F riemoglobin, and (7) serum folic acid and B, levels.

A fully developed aplastic anemia will require appropriate, intensive monitoring and therapy, for which
specialized consuiltation shouid be sought.

DOSAGE AND ADMINISTRATION (see table below)

Monitoring of blood levels has increased the efficacy and safety of anticonvulsants {see PRECAUTIONS,
Laboratory Tests). Dosage should be adjusted to the needs of the individual patient. A low initial daily
dosage with a graduai increase is advised. As soon as adequate control is achieved, the dosage may be
reduced very gradually to the minimum effective level. Medication should be taken with meals.

Since a given dose of Tegreto!l suspension will produce higher peak leveis than the same dose given as
the tablet, it is recommended to start with low doses (children 6-12 years: 1/2 teaspoon q.i.d.) and to
increase slowly to avoid unwanted side effects.

Conversion of patients from oral Tegreto! tablets tu Tegretol suspension: Patients should be converted by
administering the same number of mg per day in smaller, more frequent doses (i.e., b.i.d. tablets to t.i.q.
suspension).

Tegretol-XR is an extended-release formulation for twice-a-day administration. When converting patients
trom Tegretol conventional tablets to Tegretol-XR, the same total daily mg dose of Tegretol-XR should be
administerad. Tegretol-XR tablets must be swallowed whole and never crushed or chewed.
Tegretol-XR tablets should be inspected for chips or cracks. Damaged tablets should not be consumed.

Epilepsy (see INDICATIONS AND USAGE)

Adults and children over 12 years of age - Initial: Either 200 mg b.i.d. for tablets)and XR tablets, or 1
teaspoon q.i.d. for suspension (400 mg/day). Increase at weekly intervals by adding up to 200 mg/day
using a b.i.d. regimen of Tegretol-XR or a t.id. or q.i.d. regimen of the other formulations until the optima!
response is obtained. Dosage generally should not exceed 1000 mg daily in children 12-15 years of age,
and 1200 mg daily in patients above 15 years of age. Doses up to 1600 mg daily have been used in adults
in rare instances. Maintenance: Adjust dosage to the minimum effective level, usually §00-1200 mg daily.
Children 6-12 years of age - Initial: Either 100 mg b.i.d. for tablets or XR tablets, or 1/2 teaspoon q.i.d.
for suspension (200 mg/day). Increase at weekly intervals by adding up to 100 mg/day using a b.i.d.
regimen of Tegretol-XR or a ti.d. or q.i.d. regimen of the other formulations uiti! the optimal response is
obtained. Dosage generally should not exceed 1000 mg daily. Maintenance: Adjust dosage to the
minimum effective level, usually 400-800 mg daily.

Children under 6 years of age - Initial: 10-20 mg/kg/day b.i.d. or t.i.d. as chewable tablets, or q.i.d. as
suspension. increase weekly to achieve optimal clinical response administered t.i.d. or q.i.d.
Maintenance: Ordinarily, optimal clinical response is achieved at daily doses below 35 mg/kg. If
satisfactory clinical response has not been achieved, plasma levels should be measured to determine
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whether or n_ot they are in the therapeutic range. No recommendation regarding the safety of
carbamazepine for use at doses above 35 mg/kg/24 hours can be made.

Combination Therapy: Tegretol may be used alone or with other anticonvulsants, When added to
existing anticenvulsant therapy, the drug should be added gradually while the other anticonvulsants are
maintained or gradually decreased, except phenytoin, which may have to be increased (see
PRECAUTIONS. Drug Interactions, and Pregnancy Category C).

Trigeminal Neuralgia (see INDICATIONS AND USAGE)

Initial: On the first day, either 100 mg b.i.d. for tablets or XR tablets, or 1/2 teaspoon q.i.d. for
suspension, for a total daily dose of 200 mg. This daily dose may be increased by up to 200 mg/day
using increments of 100 mg every 12 hours for tablets or XR tablets, or 50 mg (1/2 teaspoon) q.i.d. for
suspension, only as needed to achieve freedom from pain. Do not exceed 1200 mg daily. Mainterance:
Control of pain can be maintained in most patients with 400-800 mg daily. However, some patients may
be maintained on as little as 200 mg daily, while others may require as much as 1200 mg daily. At least
once every 3 months throcughout the treatment period, attempts shnuld 2 made to reduce the dose to the
minimun. effective level or even to discontinue the drug.

HOW SUPPLIED

Chewable Tablets 100 mg - round, red-speckled, pink, single-scored (imprinted Tegretol on one side and
52 twice on the scored side)

Bottles of 100............oooov v, NDC 58887-052-30
Unit Dose (blister pack)
Box of 100 {strips of 10).ccccocoovvveeiennns. NDC 58887-052-32

Do not store above 86°F (30°C). Protect from hight and moisture. Dispense in tight, light-resistant
container (USP).

Tablets 200 mg - capsule-shaped, pink, single-scored (imprinted Tegretol on one side and 27 twice on
the partially scored side)

Bottles of 100...........ccoooviiiii i NDC 58887-027-30
Bottles of 1000...............cccovivvimeececrieeee NDC 68887-027-40
Unit Dose (blister pack)

Box of 100 (strips of 10)..........cvoeivinnnen. NDC 58887-027-32

Do not store above 86°F (30°C). Protect from moisture. Dispense in tight container (USP).

XR Tablets 100 mg - round, yellow, coated (imprinted T on cne side and 100 mg on the other), release
portal on one side

Bottles of 100........ccceimiiie e NDC 0083-0061-30
Unit Dose (blister pack)
Box of 100 (strips of 10)..........coccvenneneneee. NDC €083-0061-32

XR Tablets 200 mg - round, pink, coated (imprinted T on one side and 200 mg on the other), re'ease
portal on one side

Bottles of 100...........cc.ccoicimreeeeiceeenne NDC 0083-0062-30
Unit Dose (blister pack)
Box of 100 (strips of 10)......ccccceoeeereenneen. NDC 0083-0062-32
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XR Tablets 400 mg - round, brown, coated (imprinted T on one side and 400 mg on the cther), release
portal on one side

Bottles of 100...............ccovvmereereeree, NDC 0083-0060-30
Unit Dose (blister pack)
Box of 100 (strips of 10)..........oovvvervnan NDC 0083-0060-32

Store at controlled room temperature 45°-30°C (59°-86°F). Protect from moisture. Dispense in tight
container (USP).

Samples, when available, are identified by the word SAMPLE appearing on each tablet.

Suspension 100 mg/5 mL (teaspoon) - yellow-orange, citrus-vanilla flavor:d
Bottles of 450 mb.............coocviiviviiiieinee NDC 58887-019-7¢

Shake well before using.

Do not store above 86°F (30°C). Dispense in tight, light-resistant contairar (USP).

doc: c:\docs\ndategretolMabeling.fda
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REVIEW AND EVALUATION OF CLINICAL DATA

IND

Sponsor: Ciba-Geigy

Drug: Tegretol OROS (carbamazepine, USP)
Indication: Epiiepsy. Trigemfnal Neuralgla

Date of Submission: May 16, 1990

Date Received: May 21, 1990

1.0

The purpose of this study is to generate data which demonstrates that the
rate of Tegretol absorption does not effect efficacy.

New Protocol: Effects Of Rate Of Oral Drug Inpu% On Efficacy And Toxicity
Of Carbamazepine In Monkey Model.

Fourteen (N-12 and 2-spares) male monkeys (Macaca fasicularis) will be
made experimentally epileptic by the intracortical injection of aluminum
hydroxide in the left pre- and postcentral gyrus during a sterile
craniotomy. After the animals have developed a stable seizure frequency,
the 12 study monkeys will be instrumented with a stomach catheter for drug
delivery and dural electrodes for EEG interictal spike analysis.

After their epileptic foci are fully developed (4 months) the animals will
be assigned to one of six dosing sequences.

Baseline - 2 weeks
Induc¢tion - 1 week
Treatment - 6 weeks
Hashout - 2 weeks
Regimen/Dosage:

Drug administration will be via an implanted gastric catheter 4, 6, 12
times a day (qEh, gq4h, g2h) in a randomized sequence. The dosec will be
18 mg/kg(q6h), 12 mg/k.y(g4h), or 6 mg/kg(q2h) such that all animals
receive the same 24aily dose of 72 mg/kg. 1In addition, the catheters will
be flushed with varying volumes of water so that the total daily volume of
suspensio» plus water will be the same for all animals.
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Study Design:
The study will use a randomized, crossover design, balanced for residual
effects with 5 sequential phases.

Phase 1 (Heek 1-2) - No-Drug Baseline Heek
Phase 2 (Week 3) - Auto-Induction Phase 12mg/kg(q4h)

Starting HWeek 4, all animals will be randomly assigned to one of the
following 6 dosing sequences (2 animals per sequence) in accord with a
fully counterbalanced Latin Square Design.

Dosing

Sequence Week 5-4 Heek 6-7 _ Heek 8-9
(A-B-C) 12mg/kg q4h émg/kg q2h 18mg/kg géh
(A-C-D) 12mg/kg q4h 18mg/kg qbh émg/kg q2h
(B-C-A) 6mg/kg q2h 18mg/kg q6h 12mg/kg g4h
(B-A-C) tmg/kg q2h 12mg/kg g4h 18mg/kg qbh
(C-B-A) 18mg/kg q6h émg/kg g2h 12mg/kg q4h
(C-A-B) 18mg/kg g6h 12mg/kg qbh émg/kg qzh

Note: (i) Because of the auto-induction behavior of carbamazepine, a one
week "induction week" will be allowed initially before the first active
treatment. Subsequently, the initial four days at each new dose will be
considered an adjustment period.

(2) Although seizures will be monitored continuously, only the last
10 days of each phase will be utilized for seizure and EEG quantification.

Treatment Phase:

Blood samples will be taken during the drug period for plasma drug leveil

determinations. The samples will be obtained before the 8:00am dose(min)
and Th after each dose (approximate maximum on Monday, Wednesday, Friday

of each week.

Elimination Phase: (Day 14 of each treatment periad,
half-life determinations)
Day 14 - 8:00am to 8:00pm qlh samples
Stop drug at 8:00pm
8:00pm to 12:00pm qlh samples
Drug resumes at 12:00pm(or 2h later for the géh group)

Note: The “off drug" schedule will be such that the q2h animals miss 2
doses (8:00pm and 10:00pm) while the q4h and q6h animal< .*is. only the
8:00pm dose.
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EEG Samples:

EEG recordings (30min in duration) wiil be scheduled twice a week for each
animal such that feeding periods are avoided and every animal is recorded
on the same day and at the same time. These recordings will be utilized
to quantify interictal spikes (Thursday and Friday of each week).

Seizure Monitoring:

Each animal will be monitored 24h a day via a polygraph recorcing “Slow
Speed" EEG and motor activity via a cage accelerometer. This allows the
quantification of seizure frequency, duration, severity, and time of
occurrence.

2.0 Comment

I understand that this model was used for the _ )

NDA. My only comment is that the protocol is extremely sketchy,
particularly regarding the identification of primary outcome measures and
statistical analysis. I recommend obtaining a Biopharm consult on this

ane.
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st i . CIBA—GEIGY

CIBA-GE!SY Corporation
Summit, New Jersey 07901 CO PY
|
- May 16, 1990 '1 :

Submission #025

IND
Tegretul OROS

Center for Drug Evaluation and Research (HFN-120)
Document Control Room #10B-20

560Q Fishers Lane

Rockville, Maryland 20857

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

Dear Dr. Leber:

Reference is made to our IND for Tegretol OROS and to our May 12,
1989 end-of-Phase 1I Meeting. For ease of reference, a copy of the minutes
of the meeting, previously submitted to the Division on June 19, 1989 is
provided in Attachment 4,

The end-of-Phase II Meeting discussion focused primarily upon the
pharmacokinetic program proposed for Tegretol OROS. A concern raised by
the Division during this discussion was the existence of data which clearly
demonstrates that the rate of Tegretol absorption does not affect efficacy.
CIBA-GEIGY agreed to explore the feasibility of conducting a study which
would adequately address this issue. Pursuant to this agreement,
Attachment B of this submission provides a protscol by

i entitled "Effects of Rate of Oral Drug
Input on Efficacy and Toxicity of Carbamazepine in Monkey Model.®

Unless notified otherwise by the Division, implementation of trlis protocul
is anticipated for mid-June 1990.

Please direct any questions or comments you may have concerning this
submission to Ms. Nancy Marctin, Assistant Director, CNS/Drug Regulatory
Affairs, at (201) 277-5988.

Very truly yours,

PHARMACEUTICALS DIVISION
CIBA-GEIGY Corporation

=
Ronald Kartzinel, M.D., Ph.D.
Vice President, Development
Central Nervous System

RK /NM : mmp
a:inc

Desk Copies to:

Ms. Susan DeCorte - HFN-120, Room #10B-45
Dr. Paul Leber - HFN-120, Room #10B-45

Dr. Protapa Prosad - HFD-426, Room #13B8-03



ATTACHMENT A




Tegretol OROS
INC
. End of Phase II Mceting
Neuropharm Division

May 12, 1989

EDA . _ CIBA-GEIGY
Dr. Joseph Contrera ‘ ' Dr. H. Faleck
Ms. Susan DeCorte ' . Ms. M. Fertally
.Pr. Russell Katz . Dr. H. Hakkarainen
Pr. Paul Leber : Dr, R. Kartzinel
Dr. Karen Oseekey Dr. L. Leeson
Dr. Janeth Rouzer Dr. M. Powell
Mr. Robert Shulcz Dr. E. Redalieu
Dr. Andrew Scstek Dr. E. Snowhill

After introductions, the proposed revision to the indication section of

the Tegretol package insert, based on successful outcome of the Tegretol
OROS program, was shown: "Tegretol, carbamazepine USP, is an anticonvulsant
and specific analgesic for trigeminal neuralgia, avajlable as chewable
tablets of 100 mg, tablets of 200 mg and OROS controlled release tablets

of 100, 200 and 400 mg. (Underscore is future addition to insert upon
approval of QOROS.)

Dr. Elliott Redalieu then presented an overview of the pharmacokinetic
program we plan to conduct for Tegretol OROS.

Dr. Leber asked if we were seeking approval of the Tegretol OROS formu-
lation with a different input rate as long as the same plasma levels are
achieved. Ve confirmed this,

Dr. leber emphasized that the controlled release guidance we were
referring to is only that - a guidance, and does not necessarily reflect
the position of the reviewing division on all matters.

Dr. leber discussed his main concern: ascertaining that rate of
absorption does not affect efficacy. He said that the sponsor should
provide evidence, though not necessarily obtained in man, that rate of
absorption is not importamt to efficacy., He mentioned that the same
question had come up with respect to another anticonvulsant and that it
had been answered with a pump study in a primate model.

Dr. Leesor mentioned that had done a study along those lines
with carbamazepine using I.V. infusions.

We agreed to attempt such a study, if it is determined that datz does
not already exist that addresses the concern.

Conceirning our overall pharmacokinetic program, Dr. Leber said we are
probably doing more than necessary. Ve said that ve neced the studies
to write labeling aud characterize the formulation for marketing.

Accordingly, we understand from FDA that our pharmacokinetic program is
wore than sufficient to support approval uf Tegretol OROS provided we
show equivalence of AUC and fluctuation.
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Regarding the pharmacokinetic program, Dr. Karen Oseekey said it is prob-
ably not necessary to do a study in patients on polytherapy. We explained
that we felt this was important to study because the half-life may be
shorter in polytherapy. Dr. Karen Oseekey noted we did not use the 400 mg
in the food effect study, and if there is a food effect demonstrated she
would need additional data using the higher strength.

Dr. Karen Oseekey said the most important comparison is between the
couventional QID and BID OROS and that we should be sure to have enough
patients to show this comparison, in terms of confidence levels.

1t was clarified that what we meant by the term dose proportionality was
actually formulation proportionality. Dr. Oseekey said the most critical
aspect is seeing results with the highest daily dosage recommended in the
labeling, i.e. 2000 mg per day. Dr. Oseekey agreed, however, that results
up to 1600 mg/day would be sufficient. (In fact, 1600 mg is the highest
daily dosage recommended in the package insert.)

Ve mentioned that in order to obtain more patient experience, we were
we were planning on doing a study comparing Tegretol OROS and Tegretol

Tablets. This study (Protocol 36) is in addition to the pharmacokinetic
program.

There being no further discussion on Tegretol OR0OS, general topics on
anticonvulsants were discussed,.

Dr. Kartzinel asked what has to be done to include women in Phase III
trials of anticonvulsants. Dr. Leber said an add-on trial can
demonstrate whether the drug has anticonvulsant efficacy. Dr. Leber
said that for Phase III he could rely upon expert(s) from the advisory
committee who would become involved at the end-cf-Phase 1l meeting stage.
He also said that active-active design studies are viewed as safecy
studies (unless, of course, one drug shows superiority).

Dr. Leber said that the add-on trial could provide enough evidence
for the drug to be labeled as an anticonvulsant. The labeling would
probably also say that that had been determined in an add-on design
(thus showing it had not been studied in monotherapy). Dr. Leber
said demonstration of effectiveness in monotherapy could be handled

later. .
lina 7:572./%‘ é/ 7/57'
Mara Fertally u//
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EFFECTS OF RATE OF ORAL DRUG INPUT ON EFFICACY AND TOXICITY
OF CARBAMAZEPINE IN MONKEY MCDEL

Regsearch Protocol

DESIGN

Fourteen (N-12 and 2 spares) male monkeys (Macaca fascicular{s) will be
made experimentally epileptic (surgical -procedure). After thelir epileptic foc{
are fully developed (4 months) the animals will be assigned to one of saix
dosing sequances,

Purchase & /Eplleptic
Quarantine/ Preparation/ Baseline/ Induction/ Treatment/ Wash- out/Post -baseline
4 we. [/ 4mo. / 2 wk. [/ 1wk, / 6 wk. / 1 wk. / 2 wk.

Note: The purchase and quarantine period will be utilized to prepare the
laboratory and purchase equipment and supplies.

ANIMAL PREPARATION

Fourteen adolescent male monkeys (3-5 kg) will be made chronically
vplleptic by the intracortical injection of aluminum hydroxide in the left
pre- and postcentral gyrus during a sterile craniotowmy. Afcer the animals have
developed a stable seifzure €£requency, the 12 study monkeys will be
instrumented with:

1) A scomach catheter for drug dellvery; e
2) Dural electrodes for EEG interictsal spike analysis. ; //

REGIMEN/DOSAGE

Drug administration will be via an implanted gastric catheter 4, 6, or 12
times & day (q6h, q4h, or q2h) in a Yandomized segquence. The doses will be
18 mg/kg (qb6h), 12 mg/kg (qbh), or € mg/kg (q2h) such that all animals receive

.the same daily dose of 72 mg/kg. In addition, the catheters will be flushed

with varying volumes of water so that the total dally volume of suspension
plus water wil) be the same for a11 animals, -

STUDY DESIGN

The study will use a randomized, crossover design, balanced for residual
effeces with 5 sequentlal phases.

Phase 1 (Veek 1-2): No-Drug Baseline Week
Phi ¢ 2 (Week 3): Auto-induccion Phase 12 mg/kg., g4h



Starting Weok 4, all animals will be randomly assi{gned to ona of the
following 6 dosing sequences (2 animals per sequence) in accord with a fully

counterbalanced Lacin Square Design:

Dosing

Sequence
(A-B-C) 12
(A-C-B) 12
(B-C-A) 6
(B-A-C) 6
(C-B-A) 18
{C-A-B) 18

Week 4-5 Week 6-7 Week 8-9

----------------------------------

mg/kg, q4h 18 mg/kg, qbh 6 mg/kg, q2h i
mg/kg, ¢2h 18 mg/kg, qbh 12 mg/kg, q4h \
mg/kg, q2h 12 mg/kg, q4h 18 mg/kg, qbh
mg/kg, ¢6h 6 mg/kg, q2h 12 mg/kg, qbh
mg/kg, géh 12 mg/kg, q6h 6 mg/kg, q2h

- —

Note: 1) Because of the auto-induction behavior of carbamazepine, a one week
*{induction week® will be allowed initially before the first active
treatment. Subsequently, the initial &4 days at each new dose wiil be
considered an adjustment period.

2) Although sei{zures will be monitored continuously, only the lasc 10
days of each phase will be utlilized for selzure and EEG

quanctification.

EXPERIMENTAL SCHEME
3 Months
6 Months

Weeks 1-2

Week 3

Fl

Monkey Acquisition & Quarantine
Aluminum Hydroxide Injection
EEG Electrodes

Stomach Catheterization
Baseline EEG Recording
Baseline Seizure Rocording
Laboratory Tests A
Auto-Induction Phase (12 mg/kg, qéh)
Blood Sawpling

Toxicity Monitoering

Laboratory Tests

Weeks 4-9 (done weekly)

Week 10

Hesks 11.12

Adjustment Period (first 4 days)
Drug Study Period (last 10 days)
Blood Sempling

EEG Recording’

Selzure Recording

Toxicity Monitoring

Laboratoery Tests

Drug clearance

EEG Recording

Selzure Recording

Withdrawal Monitoring
Post-Baseline EEG Recording
Post-Baseline Selzure Recording
Withdrawal Monitoring (if needed)
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1)
2)
3

&)
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" HEALTH MONITORING

visual clinical assessmencs of animals will be made ) times daily,
Food, fruit and water intake, as vell as the feces aud urine
excreted, will be monitored.

Blood counts will be taken during baseline and then only 1if the
health of the animal {3 in question.

Blood chemistry screens will be conducted on all aniwals upon thelir
{nicia)l arrival (to 4insure their bealth) and then once per veek
during the study protocol.

Culcures will be mnecessary in the event of illness vo insure
appropriacte therapy.



PLASMA SAMPLES
- Each sample (1 ml of blood) will be placed i{n a tube containing an

appropriace anticoagulant (EDTA), .spun for 10 minutes and the plasma drawmy
off. Plasma storage will be at or below 0°C uncil assayed.

1) "auto-anductivn phase”; plasma sampling schedule:

Day 1: 0 (pre-dose), 8 pm
Day 2: 8 am 8§ pm
Day 3 8 an 8 pm
Day 4 8§ am 8 pm
Day 5 8 am
Day 6 8 am
Day 7 8 am

Note: All samples are taken before the dose (minimums) .

2) "Treatment phase™; schedule as follows:

Blood samples will be taken during the drug period for plasma drug level
determinacions. The samples will be obtained before the 8§ anm dose (min)
and 1 hour after each dose (approximate maximum) on Mondays, Vednesdays
and Fridays of each week,

3) ‘"Eliminacion phase™ (day 14 of esach treatment period, half-life
determinations); schedule as follows:

Day 14 - 8am to 8pm qlh samples
Stop drug ac 8pn
épm to 12pm qlh samples
Drug resumes at 12 pm (or 2 hrs. lacer for the q6h group)

Note: The %“off drug" schedule will be such that the q2h animals miss 2
doses (8pm and 10pm) while the q4h and qéh animals mie- -<4ly the
8pe dose. '

EEG SAMPLES

EEG recordings (30 minutes in durdcion) will be scheduled twice a wenk
for each animal such that feeding pericds are avolded and every animal is

‘recorded on the same day and at the same time. These recordings will be

utilized to quancify interictal spikes (Thursday and Friday of each week).

SEIZURE MONITORING

Each animal will be monitored 24 hra. a day via a polygraph recording
"alow speed” EEG and motor activity via & cage accelerometer. This allows the
quantificacion of selzure frequency, duration, severity, and time of
occurrence., .



PHARMACOLOGIST REVIEW OF GLP EIR
(CP 7348.808)

FIRM NAME

CITY, STATE:
CFN: 30m—mme——
DISTRICT OFFICE:
QUARTER/FISCAL YEAR ASSIGNED: 2/93

BI DATE(8): 2/22-24/93

ChRiven .

INVESTIGATOR(B) : 1., William G. Zuber, HFR-PA350
2. Charles A. Snipes, HFD-345
3-
INSPECTION TYPE: ROUTINE SURV. _X _ DIRECTED
FDA-483 IBSBUED: X NO YES
LETTER TO ISSUE: X NONE PI LETTER
WARNING LETTER REJECTION
OF STUDY

DATE EIR REC'D D8S8I: 4/09/93

DATE EIR REC'D BY REVIEWER: 4/15/93
DATE REVIEW COMPLETED: 4/26/93
FINAL HQ CLASSIFICATION: NAI

Study #: none
Completed: report undated, submitted 10/31/91

Protocol Title: Anticonvulsant and Pharmacokinetic
Effects of Different Carbamazepine Dosing

Regimens in a Monkey Model

Test Article: Tegretol OROS (a sustained release version

of carbamazepine)

Type of Study: subchronic (9 weeks)
Testing Facility: this Department
Sponsor: Pharmaceuticals Division

Ciba-Geigy Corporation

556 Morris Avenue

Summit, New Jersey 07901
IND:
NDA: 20-234



An audit of the abkove study was requested by the Division of
Neuropharmacological Drug Froducts, HFD-120. That Division was
interested especially in whether all records and data had been
available to the Agency.

This was the first inspection for this department. Another
laboratory at this

. was given a GLP surveillance
inspection January 11, 1982 for CBER with a resulting VAI-2
classification.

The EIR consists of a summary of findings, a discussion of persons
interviewed/study staff, a summary of the background of the study,
twenty three appended exhibits, and reviews of:

facilities

test drug receiving records (and care of test article)
study dose selection

animal receiving and screening
pre-study medications

on-study medications

on-study animal health observations
animal dosing

food, water & excretion records
on-study clinical laboratory testing
EEG data

seizure data

animal disposition

drug chemistry laboratory

study report

historical controls

protocol deviations

incidental observations

Computer usage is discussed at approp-iate places in the above
sections.

Mr., Zuber and 1 el«xcted not to request minutes of the "

Proceeding on, we found
that the group doing the study had attempted to make all records
and data available to the sponsor. Further, all records and data
requested during this audit were supplied (or directions for
obtaining were given, in the case of the animal receiving unit and

We found that the work was typical of that done at most academic
institutions; reliable work, but not complying or intended to
comply, with the Good Laboratory Practice regulations. The most
important GLP deficit was the failure of the facility to provide
Quality assurance for the study in question. However, no FDA-483
was issued, because:

1) the facility had and has no intention to perform studies
that must comply with the GLP requlations.



2) ?here is some question that the audited study, because of
i1ts objectives, was subject to the GLP regqulations.

DISCUSSION:

I was a2 member of the investigational team, and will not
recapitulate the EIR here. More than is the case in most audits,
I expect that in this instance persons interested in our findings
will read the EIR itself.

The audited work appeared good to me when judged by its own
standards, those common to the acadenic laboratory.

told us she never intended the study to be an efficacy
study. She said she would have designed it differently had she so
intended, going so far as to not even use the Latin square design.
She also said that, until we told her, she had not known of the
existence of a revised report dated April 1, 1992 of the audited
study. This report, entitled "Anticonvulsant and Pharmacokinetic
Effects of Different Carbamazepine Dosing Regimens in a Monkey
Model" was submitted to FDA by Cil'a Geigy She was unaware of this
even though her name is listed on the report as a collaborator and
even though the report is described as being "rewritten" in a
letter dated February 20, 1992 to the Agency from D*. Irene Chow of
Ciba-Geigy.

RECOMMENDATIONS:
1> Classify NAI - No Action Indicated

2> Reinspect only on further assignment.

Charles A. Bnipes, Ph.D.
Pharmacologist



NDA 20-234
NOY - 8 199
Geigy Pharmaceuticals
Division of Ciba-Geigy Corporation
Attention: Nancy Martin
556 Morris Avenue
Summit, New Jersey 07901

Dear: Ms. Martin:

We have received your new drug application submitted pursuant to section 5053(b)(1) of the
Federal Food, Drug and Cosmetic Act for the following:

Name of Drug Product: Tegretol® OROS?® Tablets
Date of Application: October 31, 1991

Date of Receipt November 5, 1991

Our Reference Number: 20-234

Uniess we find the application not acceptable for filing, the filing date will be January 4,
1992,

Please begin any comrmunications concerning this application by citing the NDA number
listed above. Should you have any questions concerning this NDA, please contact Ms. Susan
M. DeCorte, Project Manager, at (301)443-3504.

Sincerely yours,

John S. Purvis
Supervisory Consumer Safety Ofticer
Division of Neuropharmacological
Drug Products
Office for Drug Evaluation I
Center for Drug Evaluation and Research
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NDA 20-234 TEGRETOL® OROS® (CR) TABLETS 100, 200 AND 400 MG
HREVISED CHEMISTRY LETTER

We have identified the following major chemistry and manufacturing control deficiencies
in your application:

1. The manufacturing information for the drug product spm-iacks a detailed

description of the * used for the Tegretol CR tablets. This
description should include a diagram, explanation on how the tablets are moved
into the . how the tablets are how manv

2. The Master Production Batch Formula lacks a specific value for the weigiht gain
which should be achieved in the coating process.

3. The large variation in the amount of coating _ which may be applied to the
tablet cores requires validation due to the controlled release designation of this
drug product. The validation s:.0uld include detaiied comparisons of dissolution
and stability using tablets at the extremes of this range.

4. The sampling plans for the drug product manutacturing are not acceptable. Each
sub-divided batch, pan or laser unit should be treated as an individual sample set.
Although it is preferred not to perform any composite sampling, we will permit
samples collected within a sub-group to be combined. Sampies obtained from
separate sub-divided manufacturing operations should not be combined into
~omposite samples. Samples should be collected throughout the manufacturing
process 10 ensure complete randomization. The sampling plan used for the drug
product in the final container/c! *cure system should be defined. The sampling of
the packaged drug product shoulo be uniform throughout the packaging run and
testing should include all regulatory specifications. Contingencies and
requirements for retesting if either an In-process or final release Specification fail
an analytical test should be submiited in detail. If retesting is to be performed,
standard operating procedures shcould be included which describe how the original
failed sample will be included in the batch evaluation. Out-of-specification samples
should not be simply discarded without explaination or accounting.

5. The stabilily data submitted for the drug product does not support your proposed
(24 months) expiration date. The studies are inadequate by design and the data
submitted is not sufficient to fully evaluate the present manufacturing process. Our
primary concern is the lack of data on tull-scale production batches as well as the
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limited data (3 months) submitted for the pilot batches. The information submitted
for the clinical batches can only be considered supportive information due to the
changes in formulation and manutacturing upon scale-up. In addition, no stability
data has been submitted for the 100 and 200 mg tablets in blister packaging.

The Specifications for the drug product are not acceptable. A Specification for the
amount of residual water should be added
The Specification for residual water content should also be included
in the stability protocol. We also believe that the specification for residua
should be reduced to avoid the possibility of reaching
unacceptable doses when administering multipie daily doses.

The manufacturing process has not been adequarcly validated. The possibility that
impurities will be produced through the degradation of drug substance during the
coating or drilling processes has not been examined.

The following items, while nct considered as significant as the preceding comments,
should also be addressed:

10.

A page was missing from your submission in the 100 mg Master Batch
Formulation which describes t

the target weight, thickness, hardness and friability.



1.

12.

13.

14.

15.

16.
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Considering your lack of experience with the manufacturing process at full scale
production, we are concerned with the comment that the granulation tends to "gum
up” easily. Please submit contingencies or reprocessing procedures which would
be used in the event this problem manifests itself in the full scale manufacturing
process.

Piease consider the use of pharmaceutica! cail in your HDPE packaging to protect
the tablets from possible damage which may lead to dose dumping. Have studies
been performed to demonstrate that the tablets are not easily damage with normal
handiing?

The controlled release nature of this drug product requires additional labeling to
ensure the proper administration. The bottle and/or box labeling should contain
a warning to swallow tablets whole and avoid biting or chewing. The package
insert should contain a statement to inspect the tablets for chips or cracks and not
to consume tablets which are damaged.

The tablet drying process described in the NDA should be specified as mandatory
and the option not to perform this operation should be withdrawn. Please submit
a more dotailed discussion on the drying operation and the effects of the
appropriate variables (i.e. temperature, time, pressure, etc.) on the release
Specifications and stability of the drug product.

Please clarify the allowable storage periods for the bulk granulation, bulk tablet
cores and coated tablets prior . Provide evidence of stability and
suitability of these mate.ials after storage for extended periods.



pPharmaceuticals b ~ision
CiBA-GEIGY Corporattion
summit, New Jersey 07901

NEW CORRESPO:DENCE
CIBA - GEIGY

February 20, 1992

NDA 20-234 N 1?
Tegretol-SR ™ AT S
(carbamazepine, USP)

Center for Drug Evaluation and Resear-h (HFN-120)
Document Control Room #10B-20

5600 Fishers Lane

Rockville, Maryland 20857

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

W

Dear Dr. Leber:

Reference is made to the Tegretol-SR NDA 20-234 submitted on October 31, 1991,
the February 3, 1992 teleconference between the Division and CIBA-GEIGY, and
subsequent telephone communications with Dr. Katz on February 12 and Nancy
Chamberlin on February 20, 1992.

In acccerdance with 21 CFR 314.60, CIBA-GEIGY is preparing an amendment to

NDA 20-234 consisting of the final medical report for Protocol 36, and a
rewritten Monkey Model Study Report which will address the Division's
guestions of February 3, 1992. This amendment will be submitted to NDA 20-234
on or before April 7, 1992.

To accommodate the Division's review of this forthcoming amendment and in
accordance with 21 CFR 314.100 (c), this correspondence documents the
agreement between CIBA-GEIGY and the Division that the review period for NDA
20-234 will be extended 180 days from the filing date of this amendment in
early April 1992.

Please direct any questions or comments regarding the contents of this
submission, to Ms. Nancy Martin, Associate Director, CNS/Drug Regulatory
Affairs at (908) 277-5988.

Very truly yours,

BASEL Pharmaceuticals
Division of CIBA-GEIGY Corporation

A P
ot
Irene Chow, Ph.D.
Senior Vice President, Development

1C/NM: mmp
a!srrvwper.ext
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Pharmaceuticals Division
CIBA-GEIGY Corporation —
Summit, New Jersey 07901

]

February 27, 1992 ~

2 1)
NDA 20-234 /\(Lﬁ b
Tegretol-SR ™
(carbamazepine, USP)

Center for Drug Evaluation and Research (HFN-120)
Document Control Room #10B-20

3600 Fishers Lane

Rockville, Maryland 20857

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

Dear Dr. Leber:

Reference is made to the Tegretol-SR NDA 20-234 submitted on October 31, 1991,
and to the February 19 and 24, 1992 telephone requests of Dr. Rahman.

In response to Dr. Rahman's request for additional information on NDA 20-234,
CIBA-GEIGY has enclosed the following documentation.

1) Expiration Dates: The Division of Biopharmaceutics requested the
expiration dates for all of the Tegretol OROS lots
used in Protocols 32, 33, 34, 36, 37, and 42,
Provided in Tab A is an explanation of CIBA-GEIGY's
policy for the expiration dating of clinical supplies
and supporting stability data for Tegretol OROS (SR)
Tablets,

2) Chromatograms: The Division of Biopharmaceutics requested sample patient
chromatograms (1 per patient), and a QC sample
chromatogram for Protocols 32 and 42. Provided in Tab B
is a coy of one representative chromatogram for each
subject after each formulation, and one representative
chromatogram for a QC sample for Protocols 32 and 42. A
legend is enclosed for each protocol to facilitate the
identification of the samples.

3) Statistical Analysis: The Division of Biopharmaceutics requested a log
transformation data analysis of the data generated
from Protocols 32, 33, 37, and 42. CIBA-GEIGY
anticipates that this information will be
availsble and immediately forwarded to theZ¥E
the third week of March 1992,
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Please direct any questions or comments regarding the contents of this

submission to Ms. Nancy Martin, Associate Director, CNS/Drug Regulatory
tffairs, at (908) 277-5988.

Very truly yours,

PHARMACEUTICALS DIVISION
CIBA-GEIGY Corporation

%”‘7%

e

Irene Chow, Ph.D.

Senior Vice President, Development

1C/NM: mmp
a:tgsrblop.¥Ygs



. EFFECTS OF RATE OF ™. . .0 - ' UN EFFICATY AND TOXICITY
‘ . OF CANh w77 uINKEY MODEL

DESIGN

Fourteen (N~-l2 and 2 spares) male monkeys (Macaca fascicularis) will be
made experimentally epileptic (surgical procedure). After their eplleptic foeci

are fully developed (4 months) the animals will be assigned to one of gix
dosing sequences.

Purchase & /Epileptic
Quarantine/ Preparation/ Baseline/ Induction/ Treatment/ Wash-cut/Posc-baseline
4 mo. [/ dmo. / 2vwk. [/ 1wk, / 6 wk. / 1 wk. / 2 wk.

Note: The purchese and quarantine period will be utilized to prepare cthe
laboratory and purchase equipment and supplies.

ANIMAL PREPARATION

e Fourteen adolescent male monkeys (3-5 kg) will be made chronically
' ‘ epileptic by the intracortical injectlon of aluminum hydroxids in the left
pre- and postcentral gyrus during a sterilo cranfotomy, After the animalg have
developed a stable seizure frequency, the 12 study monkeys will be
instrumented with:

1) A stomach catheter for drug delivery;
2) Dural electrodes for EEG interictal spike analysis.

REGIMEN/DOSAGE

Drug administration will be via an implantea gastric catheter 4, 6, or 12
times & day (qbh, q4h, or q2h) in a randomized sequence. The doses will be
18 mg/kg (qéh), 12 mg/kg (qéh), or 6 mg/kg (q2h) such that all animals receive
the same daily dose of 72 mg/kg. In addition, the catheters will be flushed
with varying volumes of water ao that the total daily volume of suspension
plus water will be the same for all animals, -

STUDY DESIGN

The study will use a randemized, crossover design, balanced for residual
. effects with 5 sequential phases.

Phaje 1 (Week 1-2): No-Drug Baseline Week
Phaze 2 (Week 3):  Auco-induction Phase 12 mg/kg, q4h
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Scarting Weok 4, all animals will be randomly assigned to one
following 6 dosing sequences (2 animals por sequence) in accord with a fully

counterbalanced Lacin Square Design:

Dosing

Sequence Week 4.5

(A-B-C) 12 mg/kg. q4h 6
(A-C-B) 12 mg/kg, q4h 18
(B-C-A) € mg/kg, q2h 18
(3-A-C) 6 mg/kg, qz2h 12
(C-B-4A) 18 mg/kg, qéh 6
{(C-A-B) 18 mg/kg, qbh 12

Week 6-7 Week 8-9

og/kg, q2h 12 mg/kg, q4h
mg/kg, q6h 6 mg/kg, q2h

of the

Note: 1) Because of the auto-induction behaviur of carbamazepine, a one week
"induction week* will be allowed initially before the first active
treatzent. Subsaquently, the initial 4 days at each new dose will be
considered an adjustment perioed.

}

2).A1chou5h seizures will be monitored continucusly, only the lasc 10

‘days of each phase will be
quancificacion.

EXPERIMENTAL SCHEME

utilized for sefzure

3 Months Monkey Acquisition & Quarantine
6 Months Aluminum Hydroxide Injeccion
) EEG Electrodes
Stomach Catheterizacion
Weeks 1-2 Baseline EEG Recording

Baseline Seizure Recording
Laboratory Tests

Week 3 Auto-Induction Phase (12 mg/kg, q4h)
Blood Sawpling
Toxicity Monitoring
Laboratory Tests

Weeks 4-9 (done weekly)

Adjustment Period (firat 4 days)
Drug Scudy Periocd (last 10 daya)
Blood Sampling

EEG F.cording

Seizure Recerding
Toxicity Monitoring
. Laboratory Tescs
Week 10 Drug clearance

EEC Recording

Selzure Recording
Withdrawal Monitoring

‘Weeks 11-12 Poat-Baseline EEG Recording
Post-Baseline Seizure Recording
Withdzawal Monitoring (if needed)

and

EEG



PLASMA SAMPLES

- Each sample (1 ml of blood) will be placed in a tube containing an
appropriate anticoagulant (EDTA), spun for 10 minuces and the plasma drawn
off. Plasma storage will be at or below 0°C until assayed.

1) "Auto-induction phase™; plasma sampling schedule:

Day 1: 0 (pre-dose), 8 pm
Day 2: 8 am 8 pm
Day 3 8 arm 8 pm
Day ¢ 8 am 8 pm
Day 5 8 am
Day ¢ 8 am
Day 7 8 anm

Note: All samples are taken before the dose (minimunsg),

2) "Treacment phase"; schedule as follows:

Blood samples will be taksn during the drug period for plasma drug level
determinacions. The samples will be obtained before the 8 am dose (min)
and 1 hour after each dose (approximate maximum) on Mondays, Wednasdays
and Fridays of each week.

3) "Elimination phase” (day 14 of each treatment period, half-life
deterninations); schedule as follows:

Day 14 - 8am to 8pm qlh samples
Stop drug ac 8pm
8pm to 12pm qlh samples
Drug resumes at 12 pm (or 2 hrs. later for the q6h group)

Note: The ‘"off drug" schedule will be such that che q2h suimals miss 2
doses (8pm and 10pm) while the q4h and q6h animals miss only the
8pm dose.

EEG SAMPLES

EEG recordings (30 minutes {n duration) will be schoeduled twice a veek
for each animal such that feeding pericds are avoided and every animal i
recorded on the same day and at the same time. These recordings will be
utilized to quancify interictal spikes (Thuraday and Friday of each week),

SEIZURE MONITORING

Each animal will be monitored 24 hrs. a day via a polygraph recording
"slow speed" EEG and motor activity via & cage accelerometer. This allows the

quancificacion ' of saizure frequemcy, duration, severity, and time of
occurrence. .
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* HEALTH MONITORING

1)
2)
3)

4)

3}

visual clinical assessments of animals will be made 3 times daily,
Food, fruit and water intake, as well as the feces and wurine
excreted, will be monitored.

Blood counts will be taken during baseline and then only 4f the
health of the animal is in question.

Blood chemistry screens will be conducted on all animals upon their
initial arrival (to 4insure their health) and then once per week
during che study protocol.

Cultures will bes necessary in the event of illness to  insure
appropriate therapy.
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TABLE 1

SUPPLEMENTS FOR APPROVAL

Date

NDA 16-608 | NDA 18-281 | NDA 18-927 Description
Submitted SNDA # SNDA# SNDAY¥
3/4/87 059 010

Pediatric indication (Under six)

+—

BHS:kj363ms.doc







DRAFT

Clinical Review of NDA

NDA 20-234
Sponsor: Ciba-Geigy
Brand Name Tegretol XR®
indication Epilepsy
NDA Classification 86 35
Original Receipt Date October 31,1891
Review Competed August 2, 199§
Clinical Reviewer Cynthia G. McCormick, M.D.

1.0 BACKGROUND
OVERVIEW OF TEGRETOL XR® NDA SUBMISSION

This NDA was submitted with the intent of demonstrating bicequivalency between Tegretol XR®
delivered twice daily to approved dosing regimens for commercial Tegretol tablets. The NDA
consists of § clinical biopharinaceutics studies, which include both single and multiple-dose
clinical pharmacology studies and a single “efficacy” study performed in non-human primates.

Data or support from the literature illustrating the importance or lack of importance of rate of
delivery of a drug was requested of the firm, or, alternatively, completion of a study that would
establish that the rate of absorption is not important for clinical efficacy. To this end, the firm
undertook a study in monkeys which w.:s intended to demonstrate that the rate of Tegretol
absorption does not eftect efficacy, that is, that the rate of input does not affect the rate of
plasma ccncentration. The FDA review of the protocol for this study (6/11/90) recommended a
placebo phase to the study as well as attention to epoxide levels with monitoring. The study was
completed on June 27, 1991 and submitted as evidence for eificacy as part of this NDA.

In the above study, experimentally epileptic monkeys were treated via an implanted gastric
catheter with carbamazepine suspension 4,6,and 12 times a day (q2h, q4h, and q6h) according
to a balanced Latin square design. The doses were 54 mg every 2 hr, 36 mg every 4 hr, and 18
mg, every 2 hr such that the daity dose of 216 mg was provided by all 3 regimens. Seizure
frequency data and blood level data were collected. This study was reviewed in section 7.0 of
this NDA review. The study is considered a failed study by this reviewer and in consultation
with the statistical reviewer and biopharm reviewer. in addition it is acknowledged to have been
a tailed study by the firm as well, (telecon 7/28/93)



In addition to the monkey model siudy an attempt is made based on simulation data from study
36 (Submitted 5/1992) to demonstrate that there is bioequivalence between the Bil Tegretol
XR® formulaticn and the commercial Tegretol given TID or QID. This data is obtained form the
analysis of actual plasma leve! data obtained in patients on chronic treatment as well as
simulations of the repetitive dosing regimens. The velidity of the assumptions relied upon in
developing these simulations was reviewed by biopharm consultants and this reviewer will
defer to their expertise and carefu analysis.

Finally, a single short term human clinical safety study involving patients with epilepsy was
submitted as the 4 month safety update.

PROPOSED INDICATIONS, DOSAGE FORM, AND STRENGTH, ROUTE OF ADMINISTRATION AND
DIRECTIONS FOR USE.

Tegretol is currently indicated for use as an anticonvulsant drug and for the treatment of
trigeminal neuralgia. Both indications are sought for this new formulation.

Tegretol XR® will be available in the foliowing dosage forms: 100, 20C and 400 mg tab'ats to
be given BID orally. According to the sponsor, Tegretol XR® tablets given BID afford steady-
state plasma levels comparable to conventiona! Tegretol tablets given qid when administered
orally at the same total mg daily dose.

2.0 MATERIAL REVIEWED
* NDA (1.1-1.20)
* 1SS (1.20)
* Proposed Labelling (1.6)
* CLINICAL TRIALS SUBMITTED IN SUPPORT OF NDA

+ Clinical Trial Report: Protocol 32 (Vol 1.15) Relative
Bioavailability and Effects of Food on Plasma Levels of
Carbamazepine and its Epoxide Metabaolite following a singe dose of
Tegretol Oros Drug Delivery System

+ Clinical Trial Report: Protocol 33 (Vol 1.16) Comparative
Pharmacokinetic Study in Epileptic Patients Receiving Tegretol in
tr.a Form of Commercial and OROS dosage forms

+ Clinical Trial Report: Protocol 37 (Vol. 1.19) Comparative
Pharmacokinetic Study in Epileptic Patients Receiving Tegretol in the
form of Commercial and OROS dosage forms

+» CDP Report 90039 (Vol 1.17) A Pilot Dosage Form
Proportionality Study Comparing one 200-MG and two 100-MG
Tegretol OROS Tablets in Healthy Subjects



* Clinical Summary : Protocol 42 (Vol 1.18) Dosage Form
Proportionality Study of four 100-MG, two 200-MG and one
400-MG Tegreto! OROS Tablets in healthy volunteers

» Safety Update (Vol. 2.1-2.5, and 6.1)
¢ Clinical Trial Report: Protocol 36 Crossover comparison of
Tegretol OROS Tablets and Commercial Tegretc! with regard to
seizure control, serum therapeutic drug levels, satety and
tolerability

3.0 CHEMISTRY
There are no outstanding chemistry or manufacturing issues of clinical importance.
Tegretol XR® is a new formulation of a known chemical entity.

4.0 PHARMACOLOGY
No new toxicology is submitted with this NDA because the assumption was that of
bicequivalence with a marketed formulation.

5.0 CLINICAL DATA SOURCES

The development program for Tegretol XR® included clinical pharmaco:ogy studies
invoiving normal healthy subjects and clinical pharmacology studies involving patients.
The clinical database consists of information from 36 healthy subjects, and the
studies involving patients consisted of info.mation from 155 epilepsy patients.

i Totalling 192 patients and subjects. The demographic breakdown ot these 192 are found
on the next page arid the summary of exposure data are found in Section 7.0 of this
review,

DEMOGRAPHICS
The demographic distributions of subjects and patients in this NDA are found in

Sponsor's Table 2, appendix D in the subbiementarv submiss.ion to the “Satety Update”

(bBlOW). DEMOGRAPHIC, MEDICAL HISTORY AND BASELINE VARIABLES
(CUNULATIVE BY SUBJECTS AND BY PATIENTS)

N %
NUMBER OF SUBJECTS
MALE 34 9.4
FENALE 2 5.6
TOTAL 36 1l006.0
HUMBER OF PATIENTS
HMALE 84 55,4
FEMALE 67  44.4
TOTAL 151 1l00.0
AGE (YEARS}
»=6 <10 4 2.1
10 <20 21 1l.z
20 <30 63 33,7
30 <40 65 28.3
40 <50 51 lé6.6
58 <6t 11 5.9
»260 4 2.1
ORIGIN
WHITE 149 90.4
BLACK 15 8.0
OTHER x Y &



6.0 HUMAN PHARMACOLOGY

A brief summary of human biopharmaceutics is presented here, as a formal and lengthy review
by the Division of Biopharmaceutics is provided.

Summary: The sponsor has studied single and multiple dose pharmacokinstics and relative
bicavailability of Tegretol XR®, dose-proportionality linking the 100, 200 and 400 mg
tablets, and performance of the XR® formulation compared to the conventional 1ablets in both
the adult and pediatric populations. While the studies confirm bioequivalerice between Tegretol
XR® and existing formulations with respect 1o the parent compound, in some of the
bioequivalence studies!, the active metabolite, the 10,11-epoxide of tegretol did not meet the
current standards for bicequivalence.

Bioequivalence and Bijoavailability

The relative bioavailability of Tegretol XR®(tasting conditions) relative to a 2% Tegretol
suspension (200 mg doses) averaged about 88%. (Sponsor's Study Report 91035)

Carbamazepine was more rapidly absorbed when administered p~stprandially cornpared to the
fasted state in a comparison of 200 mg OROS tablet (Study 32), however the AUC was similar in
fed and fasted conditions. For the epoxide metabolite, the rate and extent of absorption were
affected by the presence of food.

Pharmacokinetics

Single dose: Following single dose administration of Tegretoi XR® and commercial Tegretol
tablet in the fasted state the AUC and Cmax for the active metabolite were not equivalent,
although equivalence was demonstrated for the parent compound for both parameters.

Multiple dose: Steady state plasma concentration-time profiles of both CBZ and CBZE were
characterized for peak and trough levels and fluctuation indices. The CEZE failed again to pass

90% confidence interval for Crnay. However, for Caye, Cein, fluctation index the parent and
the CBZE did pass.

7.0 EFFICACY FINDINGS

Monkey Model Study

One study is submitted in support of efficacy of this new formulation of Tegretol. The
background information presented above verify that there was agresmeant on the part of the
Division that proof that efficacy was dependent on AUC and not means of delivery, that furthier
efficacy studies would not be needed. Tegretol has been a marketed antiepileptic for nearly 20
years and its efficacy and saiety are not in question here. That the new formulation will alter
the behavior of the product such that either the safety or efficacy are changed is the question.
The following study was chosen in an effort to provide an answer to the question of the
relationship between delivery and efficacy of this compound. The FDA suggested that if the
reaults of this study were sufficiently robust turther efficacy studies might not be needed.

1See Biopharm Review, signed February 8, 1994



The model that was selected was the . epilepsy in the
faucicularis monkey.

TITLE:
Effects of Rate of Oral Drug Input on Efficacy and Toxicity of Carbamazep ~e in Monkey Mode!

OBJECTIVE:

While no objective wes stated in the protocol, it was understood, and later stated that the
objective was

STUDY POPULATION:

Fourteen adult male monkeys (N=12 and 2 spares) (Macaca fasciularis: 3-5 kg weight)
rendered experimentally epileptic by intracortical injection of aluminum hydroxide in the left
postcentral gyrus during a sterile craniotomy.

STUDY DESIGN: Randomized crosscver, balanced Latin square design with three treatments :

Treatment A: 36mg/kg CBZ given qdhr (Q4)

Treatment B: 18 mg/kg CBZ given q2hr (Q2)

Treatment C: 54 mg/kg CBZ given g6hr (Q6)
The total daily dose for each group in each treatment period would be 216 mg/kg/day and the
study would consist of 6 dosing sequences within 5 sequential phases.

STUDY SCHEDULE Fourteen male monkeys were to be made experimentally epileptic. Atter
their epileptic foci were fully developed the animals would be assigned to one of six dosing
sequences. Each treatment would last for two weeks during which time monkeys would be
monitored for seizure frequency, Tegretol concentrations, seizure free days, discharge
amplitude.

PERIOD 1.

Purchase and Quarantine:

4 months

Preparation of lab and purchase of equipment and supplies

PERIOD 2:

Epileptic_Preparation 4 months

Fourteen adolescent male monkeys (3-5 kg) would be made chronically epileptic by the
intracontical injection of aluminum hydroxide in the left pre-and postcentral gyrus during a
sterile craniotomy. After the animals developed a stable seizure frequency, the 12 study
monkeys would be instrumentad with a stomach catheter tor drug delivery and dural electrodes
for EEG interictal spike analysis.

PERIOD 3 : WEEKS 1-2
Baseline (2 weeks)

PERIOD 4: WEEK 3



Autoinduction (1 week)
18 mg/kg, q2h
Plasma sampling on days 1-7 (sample taken prior to dose)

PERIOD §:
Treatment (6 weeks)
Starting week 4 all animals were randomly assigned to one of the following 6 dosage sequences
(2 animals per sequence)

WEEKS 4-9

Week 4-5 Week 6-7 : Week 8-9 1D
SEQUENCE A-B-C| 36 mg/kg g4h 18 mg/kg g2h 54 mg/kg g6h 346, 843
SEQUENCE A-C-Bi 36 mg/kg g4h 54 mg/kg g6h 18 mg/kg g2h 405, 579
SEQUENCE B-C-A{ 18 mg/kg g2h 54 mg/kg g6h 36 _mg/kg g4h 428, 882
SEQUENCE B-A-C|{ 18 mg/kg g2h 36 _mg/kg g4h 54 mg/kg_géh 516, 776
SEQUENCE C-B-A| 54 mg/kg g6h 18 mg/kg g2h 36 _mg/kg g4h 83
SEQUENCE C-A-B{ 54 mg/kg qéh 36 mg/kg q4h 18 mg/kg q2h 775,881
PERIOD 6:
Wash-out 1 week
PERIOD 7:

Post-baseline 2 waeks
REGIMEN/DOSAGE:
Drug administration would be via an implanted gastric catheter 4,6, or 12 times a day (q6h,
q4h, or q2h} in a randomized sequence. The doses will be 18 mg/kg (q6h), 12 mg/kg q4h, or
6 mg/kg q2h such that all animals receive the same total daily dose of 72 mg/kg. In addition,
the catheters would be flushed with varying volumes of water so that the total daily volume of
suspension plus water will be the same for all animais.

18-MG/kg g2H = 216-MG/kg/day

Animals received the same TDD in one of three regimens allocated to a treatment sequence (one
of 6) determined by randomization.

Data Collaction: Information on seizure fraquency, duration , seizure free days, carbamazepine
levels was obtained.

Statistical Analysis: No statistical analysis was described.

CONDUCT OF THE TRIAL

Protocol Deviations

The alumina gel injection was completed while the monkeys were in the quarantine period. This
resulted in a 6 month baseline period rather than a 4 month baseline period as specified in the
protocol.



RESULTS:

MEAN SEIZURE COUNTS FOR EACH TREATMENT PERIOD

__Baseline ] 1 11 stBaseline ID
BL gah qzh q6h PBL
10.6 10 10.4 9.7 8.6 346
1.5 0.5 0.3 0.8 0.5 843
BL q6h 34h q2h PBL
0.5 0.4 0.5 0.3 0.1 777
2.7 4.1 2.2 2.7 1.4 881
BL q2h q6h q4h PBL

1.6 1.6 0.8 0.4 0 428
1.7 1.7 1.3 0.9 0.7 882
BL qzh qah q6h PBL
2.6 0.7 0.2 0.4 0.5 516
21.4 11.8 9.1 12.9 17.4 7176
BL q4h qéh q2h PBL
13.2 6.7 8.3 7.6 9.8 405
12.6 9.8 5.2 7.2 £.4 579
BL ash qzh aah PBL
0.4 euthanized 8§38

STATISTICAL ANALYSIS(FIRM):

Comparisons between regimens were made by analysis of variance with multiple comparisons
(Systat, Irc). significance tevel was set at p=1.017 (Bonferroni's correction for three
comparisons).

The firm dii) or,, however, submit these analyses for independent review.

in the Augus\ 16, 1993 submission, the sponsor wrote the foliowing in response to one of
numerous attempts on the part of the FDA to obtain the data and analysis from the Monkey Modael
study, “Ciba-Geigy has been unable to retrieve this material fron The
circumstances surrounding the Monkey Modet Study were discussed with the Division
during a July 27, 1993 teleconference during which it was agreed that even if Ciba could
retrieve the data, the value of the analysis would be extremely limited. “

FOA COMMENTS:

There are a number of problems with this study which render it unreliable.



1. Tne first of these is inaccuracy in tabulating the raw data by the investigator. Raw seizure
counts were reviewed and retabulated and are not in agreement with those of the sponsor. Based
upon the raw data and the guidelines in the protocol for counting all seizures during the last 10
days of each period, the following table results reflect the clinical reviewer's calculation of the
mean seizure frequencies.

Baseline | I 1! - 7 LD
BL qdh g2h q6h PBL
11 9.2 10.4 12 9.4 3146
1 0.4 . 4 V.6 0.8 843
BL q6h gdh q2fF PBL
0.9 0.9 0.7 1] 0.1 777
3.3 3.8 2.2 2.9 1.4 881
BL g2h q6h q4h PBL
1.4 1 0.7 0.4 0 428
1.1 1.4 1.3 1.7 0.8 882
BL q2h adh q6h PBL
2 0.5 0.2 0.5 G.5 516
20.9 12 9.1 12.9 16._‘_1_ 776
BL q4h g6h q2h PBL
12.6 8.3 8.9 11.6 10.1 405
12.6 8.7 5.5 7.9 5.6 579
BL gq6h q2h qdh PBL
euthanized 835

These data alsc demonstrate a high degree of variability among animals and with some animals
failinc *o exhibit even one seizure per day. Such an event rate would harcly show a response to
fluctuating plasma concentrations within a given 24 hour period.

2. The 14 day duration of dosing was sufficient to achieve steady state cn each dosing regimen.

3. Evaluation of anticonvulsant effect was confounded by differences in CBZ absorption from
the three dosage regimens. Progressively higher average ptasma levuls were attainerd after
dosing every 2, 4, and 6 hours respectively. However the drug/metabolite ratio was not
different for the three regimens indicating that this effect was not related to clearance changes
but was due to changes int he total amounts absorbed. This was assumed (by the iitm) to be
species specific, it nevertheless renders the interpretation of the seizure resuits questionable
at best.

5. The alumin= gel injaction was compieted while the monkeys were in the quarantine period.
This resulted ir: a 6 month baseline period ratner than a 4 month baselire period as specified in
the protecol. Because no histerical data was provided and because the seizure counts were also



not submitted during this time period it cannot be determined whether the baseline period
represented a stable period for seizures or whether there was attenuation of seizure rates over
time rasulting in the low seizure counts seen in the majority of animals.

7. The animals used for this study were of the species fascicularis, rather than rhesus.
The investigators did not provice supportive documentation of validation of this medel with a
new Species.

8. Monkeys 428, 405, 579 and 346 received antibiotics, either 50 mg/kg Ampicillin
suspension BID for 7 days or 1.5 ml Bactrim suspension. The possible interaction of these
interventions with either treatment or the model itself was not discussed.

9. An incomplete study report with no statistical analysis was submitted by the sponsor.
Sponscr was unable to obtain further information from the investigator.

10. The study is extremely small, calculations were not submitted to justify sampie size.

In summary, there are problems with the concistency of seizure frequencies in this model,
consisitent and reliable delivery of drug via the various regimens, adequacy of sample size and
failure to adequately analyze resuits.

The sponsor has concurred that this is a failed study.
8.0 SAFETY FINDINGS

The purpose of this section is to assess the safety data submitted in this NDA in order to identify
if any additional analysis may be needed to establish the reasonable safety of the new
formulation. The firm asserts that the safety of carbamazepine was established by NDA 16-608
and submits the prior evidence for support of this application, through reference to the above
NDA. There are no new indications proposed in this subinission. While carbamazepine was
studied sufficiently for approval, the characteristics of this new formulation do raise new
safety issues. While the peaks and valleys of cerbamazepine levels are not as , rominent in
Tegretol XR® as seen in commercia! product they are not identical and therefore the potential
for new safety issues to arise with this formulation is real. in addition to the previ~isly
identified adverse effect of bone marrow suppression, the clinical data base was evai.ated for
additional new findings.

8.1 Methods

In evaluating the safety of Tegretol XR® the Tegretu! XR®-exposed population was examined
for serious adverss events and commonly cc liected and reported safety data were reviewed.
The data that were reiied upon for the assessment of serious adverse events wer the tabuiar
summaries of auverse events determined to be serious by the investigators. No case rep
tcrms were provided ir this submission. The population relied upon for these was the totat
exposed pcpulation including subjects and patients. Additiona! materials that were reviewed for
this anzlysis included the litagrated Safety Summary {(NDA Vo! 1.20 filed October 31, 1991),
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the Amendment#1 ( NDA Vol. 2.1-2.62 filed May 11, 1992), and the tabutar summaries as
provided as part of each individual study report. There has been no formal Safety Update filed
to this NDA since there have been no exposures since study 36. Nevertheless the firm was asked
to file a cumulative report to encompass the new information provided in the May 11, 1992
amendment. This safety review is current as of May 11, 1982 in the drug’s development.

The total number of individuals exposed to drug in all studies as of May 11, 1992 was 192.
Patient exposure to TEGRETOL XR® should have totalled 155 and is summarized in the
following table of dose and duration of exposure. Note that the totals do not add up to 155 since
patients who dropped out prior to Tegretol XR® exposure are not included. In actuality a total
of 143 patients were exposed to Tegretol XR® in this NDA.

TABLE: SUMMARY OF EXPOSURE TO TEGRETOL XR® BY DOSE AND DURATION--ALL PATIENTS

There were no deaths associated with exposure to Tegretol XR® in any of the clinical trials
covered under this NDA.

8.3 Assessment of Dropouts

There were 6 discontinuations during the clinical trials involving Tegreto! XR® . Two subjects
and two patients withdrew from trials. Both patients were terminated because they did not meet
study criteria. One subject refused to continue in the trial because of discomfort associated with
blood tests. A second subject was lost to follow-up after relocating.

In addition there were 14 patient withdrawals from study 36. A clinical comparison study ot
Tegretol XR® and commercial Tegretol. Of these 5 withdrew during the run-off phase during
which patients received their etandard Tegretol monotherapy in their accustomed dose. In
addition there were 4 withdrawals during the Tegretol XR® treatment phase and 5 during the
commercial Tegretol treatment. Patients were blinded during treatment.

2 Study 36 reported in volumes 2.1-2.6 filed May 11, 1992.

Dose <4 weeks 4-6 weeks 6-10 veeks [10-13 weeks {13-16 weeks |Total

400 mg 8 0 6 1 0 15
600 mg 2 0 0 0 0 2
800 mg 11 1 35 0 0 47
1000 mg _ 8 0 0 0 0 8
1200 mg 17 0 27 1 0 45
1400 mg 0 1 0 0 0 1
1600 mg 3 0 15 0 0 18
2000 mg 3 0 3 1 0 7
Total 52 2 86 3 0 143

8.2 Deaths
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Overali Pattern of Dropouts
Discontinuations were classified according whether they occurred because of adverse events or

administrative reasons.

The overall dropout incidence by TEGRETCL XR®-treated patients and

subjects from TEGRETOL XR® studies is quite low seen in the table below.

Withdrawal Rates by Treatment Group

[Reason for Withdrawing Percent Withdrawais Percent Withdrawals
TEGRETOL XR® Commercial Teqretol
All Clinical Studies
Subjects N= 37 N= 37
Adverse Events 0 0
Criteria not met 0 0
Other/Administrative 3 0
Subtotal 3 0
Patients N= 155 N=1565
Adverse Events 0
Criteria not met 0
Other/Administr live 161
Subtotal 16
Total N= 192 N= 192
Adverse Events 0
Criteria not met 0
Other/Administrative 19

1 Patient 506 Center 6 withdrew from study 36 because of a cardiac arrythmia for which he
was hospitalized. This was recordad as a concomitant illness and not as an adverse event.

Adverse Events Associated with Dropout The most common reason for discontinuation
from treatment with TEGRETOL XR® was administrative--th.a: is the patient was noted not to

meet the study criteria. No adverse events were listed as a reason for withdrawal from clinical
studies with Tegretol XR®

8.4 Other Safety Findings

There were no comrmonly observed adverse events associated with the use of TEGRETOL
XR® {incidence of 5% or greater) that were not seen at an equivalent incidence among
commercial tegretol patients.

LABORATORY FINDINGS

No new laboratory patterns emerged with Tegrstol XR® which were not previously
described with the commercial formulations. The most common finding in clinical
laboratory evaluations was decreased white count. Depressed white counts were
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reported with similar frequency in the active control group, that is, those patients
treated with Commercial Tegretol.

Summary

The changes seen in clinical laboratory evaluations during TEGRETOL XR® adjunctive therapy
were infrequent, small in magnitude, and generally noi clinically significant. In addition, there
were no reports of withdrawals due to abnormal laboratory variables.

Vital €igns: No unexpected adverse effects on vital signs were demonstrated in this NDA.

ECG’s The percentage of patients in a pool of active controlled studies with ECG judged to be
“more abnormal” as compared to an earlier tracing is very low. There were no reports
of patients withdrawing from clinical trials due to arrhythmias or other ECG
abnormalities during TEGRETOL XR® therapy.

Withdrawal Phenomena/Abuse Potentia!
Abuse potential was not evaluated in clinical trials with Tegretol XR®.

Human Reproduction Data
There have been no pregnancies reported during clinical trials in epilepsy with

8.7 Overdose Experience
There were no drug overdoses associated with Tegretol XR® reported in this NDA.

8.8 Summary of Serious Events
As required by 21 CFR 312.32 (a), the sponsor used the term ‘serious’' to describe
certain kinds of AEs. No serious adverse events associated with use of Tegretol XR®
were reported in this NDA.

8.9 Summary of Drug Interactions

Drug demographic Interactions

The demographics of the TEGRETOL XR® development program are insufficient to
determine if there is an interaction with regard to this formulation and age, sex, or
racial background. The adverse event profile for men and women was similar in all
epilepsy studies with TEGRETOL XR®. Caucasians were overrepresented in TEGRETOL
XR® studies. It is not possible to determine, based on the small numbers of blacks and
orientals it there is an interaction with race. No effect of sex on the incidence of
particular adverse events was appreciated. demographic/adr tables)

Drug-Disease Interactions

There is limited clinical experience with the use of TEGRETOL XR® in systemic disease.
in the development program for commercial Tegretol, there have been several
interaction studies specifically performed in an effort to expiore the possibility of
interaction between Tegretol and systemic disease, specifically renal and hepatic
disease, using limited doses and duration of treatment.
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8.10 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

9.0

10.0

Cynth

As of the most recent submission of data, specifically May 11, 1992 data from clinical
studies involving 192 subjects and patients indicate that TEGRETOL XR® has a safety
profile that is comparable to what is known about commercially availabie tegretol
formulations. In its limited clinical database of 192 patients and subjects, TEGRETOL
XR® has a risk profile that is generally favorable.

While the limited data presented in this NDA may indeed reflect the expected safety
profile of Tegretol XR® as compared to the currently available compound, there is at
least the theoretical possibility that with the altered pharmacokinetic profile of the
drug, the risks associated with the commercially available compound may be increased
in tus formulation. That is to say that with more consistent blood levels, target organs
for toxicity may not have the benefit of recovery. Without more safety data it is not
possible to determine if this compound has the same risks as the commercial compound.
In the 192 exposures there was not an abundance of adverse events. However, an
increase in the incidence of rare events such as agranuiocytosis or aplastic anemia would
not expected to be apparent in such a small group.

Conclusions

There is a failure of the Tegretol XR® formulation to meet current bicequivalence
standards. In the absence of bioequivalence, clinical studies should have been performed.
The monkey modei study is not an acceptable substitute for human efficacy studies.

Recommendations

In conclusion NDA is not approvable because of failure to meet the current
standards of bioequivalence which st uid reflect both the parent drug and the active
metabolite of tegretol.  Absent bioequivalence and clinical efficacy data there are no
grounds on which this NDA can be approved. Itis recommended that the sponsor obtain
appropriate controlled clinical trial experience in an effort to establish the drug’s
efficacy and to further define the safety profile of this new formulation. Alternatively,
reformulation «i the product such that it meets current standards for bioequivalence
would be agreeable.

G. McCormick, M.D.

Clinical Reviewer

August 2, 1995
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STATISTICAL REVIEW AND EVALUATION
NDA #: 20-234/ Drug Class 35

APPLICANT: Ciba-Geigy Corporation

CONSULY
MONITOR

NAME OF DRUG: Tegretol-XR (Carbamazepine, USP)

INDICATION: Treatment of Epilepsy

DOCUMENTS REVIEWED: Vclume 2.1-2.5, dated May 11, 1992
(Monkey Model).

MEDICAL REVIEWER: Cynthia McCormick, MD (HFD-120). This review has been
discussec with the medical reviewer who is in agreement
with the canclusions stated.

RELEVANT ISSUE BROUGHT OUT IN THIS REVIEW: Since the results of
this study are inconclusive, there is still a need for conducting a well-controlled study
for the use of Tegretol-XR for the treatment of epilepsy. The sponsor should conduct
another study incorporating the suggestions given by this reviewer.

l. INTRODUCTION

Carbamazepine (Tegretol) is used for the treatment of patients with epiiepsy. The
therapeutic plasma concentration range for carbamazepine is generally accepted to

be 4-12 pg/ml. To maintain levels within this range requires multiple daily dosing
with the existing commercial tablets up to a total of 2000 mg/day. Decreasing the
aosing frequency could benefit patients on chronic therapy by simplifying their
treatment regimens. However, in achieving this effect, tolerability and efficacy may be
compromised as a result of increased fluctuations in plasma concentrations during the
dosing interval. The design of Tegretol-XR permits precise control of drug delivery
to be achieved, allowing blood levels to be maintained within narrow limits. The
effects of three dosing regimens on the anticonvulsant and pharmacokinetic behavior
of carbamazepine (CBZ) was investigated in a Monkey Model of epilepsy.

This review has been arranged in 3 sections: Section | contains an introduction and
backgreund of Tegretol-XR, section Il contains sponsor’s results, seciion lll contains
this reviewer's conclusions and recommendations.

KEY WORDS: Epilepsy, Latin Square Design, Crossover.



. SPONSOR’S DESCRIPTION OF RESULTS (MONKEY MODEL)

Objective

The sponsor did not spell out the objective of the study. Apparently, the study was
conducted to determine if the rate of CBZ administration had significant impact on the
drug's ability to abate chronic, uncomplicated seizures in an animal model of epilepsy.

Design

The study was a randomized, crossover, balanced, Latin square design with three
treatments:

Treatment A: 36 mg/kg CBZ given g4hr (Q4);

Treatmeni B: 18 mg/kg CBZ given q2hr (Q2);

Treatment C: 54 mg/kg CBZ given g6hr (Q6).

Thus the total daily dose for each monkey was 216 mg/kg. The study consisted of six
dosing sequences within § sequential phases:

Phase 1 (Weeks 1-2): No drug, baseline phase;

Phase 2 (Week 3): Auto-induction phase (18 mg/kg CBZ, q2hr);
Phase 3 (Weeks 4-9): Treatment phase according to the following schedule:
Dose Sequence Weeks 4-5 Weeks 6-7 Weeks 8-9

A-B-C qahr gz2hr q6hr
A-C-B q4hr q6hr q2hr
B-C-A q2hr q6hr g4hr
B-A-C q2hr q4hr q6hr
C-B-A q6éhr q2hr q4hr
C-A-B qéhr g4hr q2hr

Phase 4 (Week 10): Drug-clearance phase,

Phase 5 (Weeks 11-12): Post-baseline phase.
Monkeys

Fourteen monkeys were acquired for this study: 12 for treatment and 2 spares. All
monkeys eventually were enrolled into the study. All of these animals received
intercortical irjection of aluminum hydroxide during the 4-month preparation period.
Three of the mcnkeys developed status epilepticus either during the preparation
period or hefore the formal study start date, and one monkey developed status
epilepticus during the pos‘-haseline period and was euthanized. Thus, 10 monkeys
completed all phases of the study.



Efticacy Variables

The drug effect data consisted of seizure frequency, number of seizure-free days,
percent CBZ fluctuation and white cell counts. The data were reported according to
study phases including initial baseline (B), the three different dosing regimens (Q2,
Q4, and Q6), and the baseline following drug withdrawal (called Post-Baseline (PB)).

Sponsor’s Results

Following the aluminum hydroxide preparation period, seizure frequency was
recorded round the clock for a two-wezk period. The final ten daily polygraphs were
read and recorded as baseline seizure rates. Following the drug administration
period, the same procedure was followed and reported as post-baseline rates. These
data were reported by the investigators as average daily seizure frequency and are
shown below.

Daily Seizure Rates for Baseline and Post-Baseline Periods
(Tabie entries represent average daily rates over a 10-day period)

Monkey ID | Baseline | Post-Baseline
516 2.6 0.5
776 21.4 17.4
428 1.6 0.0
882 1.7 0.7
405 13.2 9.8
6§79 12.6 5.4
346 10.6 9.6
843 1.8 0.8
777 0.5 0.1
881 2.7 1.4
Mean 6.8 4.6

[ SD 6.8 5.6

It is clear from these results that not only is the daily seizure rate highly variable within
this group, but the majority of animals failed to exhibit a seizure frequency much
greater than one per day. Given that the apparent objective of this study was to
determine if the extent of CBZ plasma concentration fluctuation has an impact on its
anticonvulsant activity and the means of causing those fluctuations is variation in
administration ranging from every 2 hours to every 6 hours, according to the sponsor, it
seems very unlikely that a baseline seizure rate of less than 4 per day is sufficient to
expect to see any differences if they exist.

Another complicating factor in the daily seizure rates is the lack of stable seizure

counts between the two baseline periods. In the figure below, it can be seen that all
10 animals exhibited lower daily seizure rates in the post-baseline period.

3




DAILY SEIZURE RATES DURING BASELINE AND POST-BASELINE PERIODS

20 -

——fi— Monkey 516
—o— Monkey 776
——a— Monkey 428
—(0O— Monkey 882
Monkey 405
10 1 —{— Monkey 579
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—2A— Monkey 843
——a—  Monkey 777
———  Monkey 881

Dally Selzure Rates

Baseline Phase Past-Baseline Phase

Phases

The 6 monkeys who exhibited few seizures during the initial baseline period (mean
1.77/day) demonstrated 67% tewer daily seizures {(mean 0.58/day) during the post-
baseline period. These animals are clearly not evaluable within the design of this
study. The sponsor concluded that, without a placebo control group to characterize
the rate of change of baseline and considering the paucity of seizures exhibited by
these animals, there is no valid means to evaluate the effects of the CBZ treatment
periods.

The 4 monkeys who exhibited a reasonable seizure frequency during the initial
baseline period also demonstrated a reduction during the post-baseline period. On
balance, however, the mean daily seizure rate during the post-baseline pericd was
stilt 73% of that observed during the initial baseline period and data collected from
these animals may be evaluable.

The third complicating factor in this study is the periodicity of seizure occurrence as a
function of the time of the day. This apparent diumal dependence of seizure
occurrence appears to be a new finding for this inodel. The effect appears in each of
the monkeys and, in fact, there is a hint of a secondary periodicity within the day for
some of the animals (see Figure 2, p. 136, vol 2.1). A copy of this tigure "5 attached.
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M. CONCLUSIONS AND RECOMMENULATIONS
There are several problems with this NDA submission. Soniz of them are listed below.
1. Protocol

The protocol itself was very poorly written. There was, for example, no mention of the
objective of the study.

An insufficient number of monkeys were used in this study. Appropriate calculations
were not done to compute a reasonable sample size.

Also, efficacy variables were not spelled out. Only the quantification of seizure
frequency was mentioned. The protocol did not spe'l out the plans for statistical
analyses.

The sponsor's analyses should include appropriate confidence intervals comparing
different regimens.

2. Sponsor’s Inconclusive Resulis

The sponsor concluded that there were no valid means to evaluate the effects of the
CBZ treatment periods. Some of the reasons for this conclusion are given below.

First, only 4 monkeys of the 10 who completed the study achieved sufficient daily
serizure frequency to have a reasonable opportunity to see differences in the three
dosing regimens.

Second, since a placebo control group of monkeys was not incliifed in the study,
there is nc valid method to evaluate the effects of the CBZ treatment periods.

Third, this monkey model exhibits a consistent diurnal seizure frequency pattern.
Recommendation

in view of the problems and complications observed in this study, the sponsor shouid
conduct another study incorporating the suggestions given by this reviewer.

T NI )

Baldeo K. Taneja
Mathematical Statistician (Biomed)

Concur: Dr. Nevivs _&9n s—-20-93

Dr. Dubey
Ak
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Mear. daily o:currence of seizures in monkey #579 as a function of time of day.
Cumulative curv. represents hourly averages of the 10 day recording period during baseline
assciament. The hourly rate data are averaged for the 10 day period as well.
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NDA 20-234 Submission Date: Ogt. 4 | et "
SPONSOR: Ciba Geigy EQ}WLET ED
Summit, NJ fP N~ —

DRUG: Tegretol-XR (carbamazepine; 100, 200, and 400 mg extcndcgcllelas% mts)
INDICATION: Anti-epileptic

TYPE OF SUBMISSION: Reanalysis of data -

REVIEWER: Robert Harris, Ph.D. T e T

SUMMARY

In order to demonstrate that Tegretol-XR is bioequivalent to the marketed immediate release
dosage form, the sponsor previously submitted the results of a steady staic bioequivalence study
(91024). While the study demonstrated bioequivalence for parcnt drug, it failed to demonstrate
equivalence for carbamazepine 10,11 epoxide, a major metabelice which is believed to have
activity comparable to thei of carbamazepine. The epoxide fzil below the accepteble range for
the demonstration of equivalence for Cmi:1 and AUC in children and Cmin in adults. Per the
suggestion of the Agency, the sponsor reanalyzed the data to determine whether the r {ucts
were bicequivalent in terms of total activity. Total activity is defined as the summati .. .." che
carbamazepine and epoxide concentrations. The sponsor performed thi: analysis by using both
total and unbound concentrations. In each case, the products were shown to be bioequivalent jor
all parameters in adults and children (Attachment 1).

COMMENTS

1. The sponsor has adequately demonstrated bioequivalence for total activity (parent + epoxide)
in adults and children. The demonstration of bioequivalence is valid only if it is assumed that

the epoxide has activity (vnd toxicity) comparable to, or less than that of the pareat drug.

2. All of the parameters (AUC, Cmax and Crmin) for total activity fall within the lower portion of
the acceptable ¢ nfidence interval with the OROS product as the test. This result suggests that
patients would « x> exposed to approximately 10% less activity if switched from the immediate
release product to the sustained release product. This change in exposure should be described in the
labelling. - :

RECOMMENDATION:' In adults and children, Gioequivalence is observed between Tegretol
OROS and conventional tablets for AUC, Cmax, and Cmin, bas=d on the analysis of total activity
(using either total or unbound concentrations). Please see Comments 1-2.

Robert Z. Harris, Ph.D., ’ﬁr&x WWH? |

Pharmacokinetics Evaiuation Branch 1

'FT initialed by Raman Baweja, PhD.
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Ciba - INFIDENTIAL Page 10
Note BRK(US) 1895/041 G 32 883
Exhibit 4.1.-1, Summary of 1otal active drug pharmacokinetics for adult patients
(unweighted data) (N = 21)
Adult Tablet OROS Ratios (OROS:T. blet) -
Patient | AUC  Cpmax  Croin AUC  Cmax  Cpmin AUC  Crax  Crin
Mean 2284 11.31 8.02 2138 1031 7.17 0.94 0.92 0.0
SD 46.6 2.58 1.72 43.8 2.15 1.63 0.09 0.11 0.14
CV% 20.4 22.8 21.5 20.5 20.9 22.7 97 11.6 15.7

Exhibit 4.1.-2, Summary of total active dru

(unweighted data) (N =12)

g pharmacokinetics for pediatric patients

Pediatric Tablet OROS Ratios (OROS:Tablet)
Patient AUC  Chax  Chin AUC  Chay  Cmin AUC  Chax  Crin
Mean 2517 12.34 8.63 2225 1072 7.87 0.88 Q.87 0.91
SD 60.3 2.8% 2.10 §5.7 248 217 0.08 0.06 0.14
CV% 23.9 23.4 24.3 25.0 23.2 27.6 9.5 6.9 14.9
Exhibit 4.1.-3. Summary of total active drug pharmacokinetics for all patients (unweighted
data) (N = 33)
All Tablet ORQCS Ratios (OROS:Tablet)
Patient | AUC  Crax  Crnin AUC  Cmax  Crmin AUC  Cmax: Crin
Mean 236.8 11.7 8.24 217.0 10.5 7.43 0.92 0.90 0.91
SD 52.3 2.70 1.86 47.8 2.25 1.84 0.09 0.09 0.14
CV% 221 231 225 20 215 248 100 105  15.1
Exhibit 4.1.-4. Summary of total active drug pharmacokinetics for adult patients (weighted
data) (N = 21)
Aduit ~ Taklet OROS Ratios (CROS:Tablet)
Patient AUC  Chax  Chin AUC  Cpax  Cmin AUC  Crax  Cmin
Mean 62.9 3.09 2.21 58.3 2.81 1.95 0.93 0.92 0.89
sD 144 0.77 0.561 12.7 0.64 0.45 0.09 0.1C 0.14
CV% 22.9 25.0 23.2 21.8 22.9 23.0 10.2 11.3 15.4
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G 32883

Exhibit 4.1.-5. Summary of total active drug pharmacokinetics for pediatric patients
(weighted data) (N =12)

Pediatric Tat'et OROS Ratios (OROS: Tablet)
Patient AUC  Cpax  Cpin AUC  Cmax  Cpin AUC  Cppy Crnin
m 67.6 3.29 2.35 69.4 2.84 2.11 0.88 0.87 0.88
sD 16.6 079 0.58 154  0.68 0.60 0.09 0.06 0.14
CV% 24.5 241 24.9 25.9 23.8 28.3 9.9 6.6 15.5
Exbibit 4.1.-6. Summary of total active drug pharmacokinetics for all patients (weighted
data) (N = 33)
Ali Tablet OROS Ratios {OROS:Tablet)
Patient | AUC  Cpay Crin AUC  Crax  Crin AUC  Cmay  Crin
Mean 64.6 3.16 2.26 58.7 2.8 2.01 C.91 080 0.89
SD 15.1 0.77 0.54 13.5 0.65 0.50 0.09 0.09 0.14
CV% 23.4 24.5 23.7 23.0 22.9 25.1 10.4 10.3 15.2
4.2, Statistics

» Log transformed results of unweighted and weighted total active drug_ (CBZ + CBZE)

The results of statistical analyses of log transformed, unweighted and weighted, total active
drug data is summarized below in Exhibits 4.2.-1 to 4.2.-3. Detailed results are displayed in
Tables 4.2.-1 and 4.2-2. The results of this analysis showed that the confidence intervals are
within the acceptable limit (between 0.80 and 1.25) for AUC, Cypyy, and C,, ;, for establishing

bioequivalence between the OROS and conventional tablets.
Exhibit 4.2.-1.  Summary of the 90% confidence intervals for adult patients (N =21)
90% confidence intervals In {AUC) In (Cmax) In (Crin)
Unweighted
Lower 0.90 0.87
Upper 0.97 0.96 0.95
Weighted
Lower 0.89 0.87 Qsd
Upper 0.97 0.96 0.94
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ciba | CONFIDENTIAL Page 12
. Note BPK(US) 1995/041 | G 32 883

Exhibit 4.2.-2. Summary of the 90% confidence interval for pediatric patients (N =12)

80% confidence intervals in (AUC) In {Crnax) I {Cmiry)
Unwaighted
Lower - 0.84 @
Upper 0.92 0.90 0.98
Welighted .
Lower 0.83
Upper 0.92 0.90 0.96
Exhibit 4.2.-3. Summary of the 90% confidence interval for all patients (N = 33)
80% confidence intervals In {AUC) In (Crax) In (Cmin)
Unwaelghted
Lower 0.88 0.86 0.85
Upper 0.94 0.92 0.94
Weighted
Lower 0.87 0.86 0.84
Upper ' 0.93 0.92 0.93

——
-

+ Log transforined CBZ & CBZE data

The log transformed data of CBZ and CBZE from Protocol 37 were reanalyzed due to a
programming error in the statistical program used to generate the original results (submitted to
NDA 20-234 on March 27, 1992). Results of the reanalysis were very similar to those
originally submitted, and are still consistent with the reported conclusions. The results of
statistical reanalyses are summarized in Exhibits 4.2.-4 to 4.2.-6. Detailed results are
displayed in Tables 4.2.-3 and 4.2.-4.

WZ.A Summary of the 9% confidence intervals on log-trw édult
patients

90% conﬁde\ncw@rvels In (AUC) In{Crax) in (Cyin)
CBZ (N = 22) \ .
Lower 0.86 0.85
Upper 0.95 0.87
CBZE (N = 21)

0.77
0.87

Lowe




Exhibit 3.1, Summary of literature vajyue

S, mean (range), reported for the unbound free
fraction of CBZ and CBZE
Literature references - 19274 CBZE
Kodama et al., 1994 (Lit. 3) 0.24 (0.19 - 0.33) 0.47 (0.30 - 0.57)
MacKichan et al, 1984 (Lit. 4) 0.24 0.55
Kodama et al,, 1993 (Lit. 5) 0.22 (0.15 - 0.30) 0.47 (0.33 - 0.67)
Kodama et al., 1993 (Lit. 6) 0.24 (0.23 - 0.25) 0.42(0.40 - 42)
Liu et al. 1995 (Lit 7) 0.19 0.38
T Average 0.23 0.46
Weighted total active drug levels at

weighted CBZ and CBZE concentrati

1.
2.

weighted CBZ concentration = .23 #
weighted CBZE concentration

each time point were derived by
ons:

CBZ concentration and;
= 0.46 * CBZE concentration.

the summation of

. -
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Civa ' CONFIDENTIAL Page 31
Note BPK(US) 1995/041 G 32 883

Figure 4.1.-1: Mean + S.D. (N = 21) steady-state plasma levels of total active
drug (CBZ + CBZE) in adult patients (Day 21)
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Figure 4.1.-2: Mean + SD. (N = 12) steady-state plasma levels of total active
drug (CBZ + CBZE) in pediatric patients (Day 21)
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Supervisory Comments for File

NDA 20-234
Tegretol XR (ORQOS)

Reviewer Atiqur Rahman, PhD

Supervisor Victoria Hale, PhD

Through  Tom Ludden, PhD, Director, Div Biopharmaceutics
date December 14, 1994

Advaitages of dosage form:

The Division of Biopharmaceutics believes that this [t .:..ulation of
carbamazepine (Tegretol XR) is an advantage over the old formulation (Tegretol).
Immediate release Tegretol exhibits extreme variability in performance as relatzd
to absorption. Tmax can be as late as 24 hours with this old formulation, probab.y
due to slow release of drug from the formulation. Tegretol XR is a controlled-
release OROS formulation which approximates z~ro-order release for several
hours. Therefore, this new formulation performs much more consistently with
regard to absorption.

The Division of Biopharmaceutics believes that drug absorption (secondary
to release from the formulatmn) iIs an important component or therapy and that as
Tegretol XR improves absog)tmn performance, Tegretol XR offers a significant
advantage over Tegretol.

Results: see data tables (attached).
Important issues:

1. The bicequivalence argument proposed by the sponsor is based on parunt drug:
BID XR vs QID & BID immediate release formulation. On this basis alone the
product is approvable; however, the epoxide metabolite is as active as the parent
drug in animal models and therefore deserves some consideration.

2. The Office of Generic Drugs does not measure carbamazepine epoxide as a
basis for approval. The metabolite falls cut of the 80-125% CI range (see tables -
relevant parameters circled) in several cases.

3. It is important to note that both the parent and metabolite are on the low side of
the confidence interval range in most studies, often failing to include 100%.



Conclusion:

Because parent and metabolite parameters produced with the XR formulation
often fail to include 100% in the CI and because the metabolite occasionally fell
below 80%, it is recommended that the sponsor consider incorporating more drug
into the XR dosage form. The OROS type of product is commonly overfilled; this
additional amount of drug would increase the overfill slightly.

Assuming the results of a biocequivalence test are as expected, the Agency could
then have more confidence in the ability of the product to produce equivalent
plasma drug concentrations of the active species when it is substituted for the
conventional immediate release preoduct.

Recommendation:

1. The sponsor should increase the amount of active drug in the dosage form.

2. The sponsor should perform a multiple dose bioequivalence test with the new
dosage form under multiple dosing conditions in epilepsy patients comparing BID
XR with QID Tegretol in a cressover manner (repeat the study performed in this
NDA).

L

ictoria G Hale, PhD
Pharmacokineticist

CC NDA 20234
HFD-120 - 3 copies
HFD-426 - drug, reviewer, chron, CR file, Ludden, Fleischer,
Rahman, Hale, Baweja
HFD-340 - Viswanathan
FOI
FT 12/14/94
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Steady-State pharmacokinetics of carbamazepine and carbamazepine-

10, 11~ epoxide after treatment with Tegretol conventional and
Tegretol OROS tablet ,@

Parameters Tegretol OROS Tegretol
(units) conventional tablet
CARBAMAZEPINE

Cpax (#g/ml) 9.10 * 2.10 10.39 * 2.41
90% CI 83.65% —- 91.40

Cin (£G/m1) 6.57 + 1.82 7.07 * 1.70
90% CI 88.86% - 96.97

AUC 4_n4,(Hg-hr/ml) 186.87 % 46.00 209.38 * 49.94
90% CI 86.59% - 91,90%

FI 0.34 % 0.17 0.38 * 0.17
p value 0.48

Tuax (ROUTS) 15.00 * B.16 13.67 * 6.76
p value 0.61

CARBAMAZEPINE 20,11~ EPOXIDE

Cyax (Hg/ml1) 1.78 £ 0.61 2.05 % 0.07
90% CI 81.77% - 91.26%

Cyin (Hg/m1) 1.27 * 0.54 1.48 * 0.56
90% CI 78.78% - 93.01%

AUC o4y (#g.hr/ml) 35.61 & 13.86 42.32 * 14.92
90% CI 79.64% - 8B.67%

Tyax (HOULS) 13.67 * 10.88 11.67 + 8.73
p value 0.61 :
FI 0.40 + .28 0.33 * 0.14
p value 0.48

N = 12

Mean * Standard deviation

Y

[2



41024 sk dose
BID ©OROS uvs. QWID TR

Steady-State pharmacokinetics of carbamazepine and carbamazepine-

10, 11- epoxide after tment with Tegretol conventional and
Tegretol OROS tablet [{adult)
\“-——-

Parameters Tegretol ORQS Tegretol
(units) conventional tablet
CARBAMAZEPINE

Cyax (4g/ml) 8.21 * 1.92 9.05 * 2.08
90% CI 86.98% - 24.,45%

Cuin(4g/ml) 5.72 + 1.53 6.25 + 1.54
90% CI 86.44% —~ 96.46

AUC g_p4y (Kg.hr/ml) 170.15 % 41.16 179.94 + 40,03
90% CI 91.79% - 97.33%

FI 0.35 + 0.18 0.38 £ 0.15
p value 0.57

Tyax (hOUrS) 11.73 % 8.31 14.73 1 5.87
p value 0.23

CARBAMAZEPINE 10,11- EPOXIDE

Cyax (HG/ml) 1.98 + 0.89 2,19 £ 1.07
90% CI 85.17% - 95.94%

Cuin (G/m1) 1.26 * 0.54 1.56 + 0.73
90% CI 75.15% - B6.75%

AUC(O_zq)(ug.hr/ml) 39.62 * 17.29 44.96 * 22.02
90% CI 82.81% - 93.67%

Tyax (ROUL'S) 10.38 + 8.33 15.43 * 7.30
p value 0.01

FI 0.41 * 0.20 0.32 + 0.14
p value 0.012

N = 22

Mean * Standard deviation

[
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Steady-State pharmacokinetics of carbamazepine and carbamazepine-
10, 11~ epoxide after treatment with Tegretol conventional (200 mg)
and Tegretol OROS (200 mg) tablet

Parameters
(units)

Tegretol OROS

Tegretol

conventional tablet

CARBAMAZEPINE
Cpax (Hg/m1) 8.65 + 2.52 9.70 * 2.67
90% CI 83.0% - 95.3%
90% CI §9.1% - 108.3%
Cpyg (g /ml) 7.61 * 2.41 8.19 * 2.27
90% CI 87.1% - 98.7%
AUC g_,,(ug.hr/ml) 91.27 * 28.93 98.22 * 27.24
80% CI 87.1% - 98.7%
FI 0.34 £ 0.25 0.40 * 0.24
p value 0.37
Tyay (hours) 4.68 * 4.28 3.94 + 1.53
p value 0.44

CARBAMAZEPINE 10,11- EPOXIDE
CHax(ug/ml) 1.45 * 0.68 1.66 * 0.63
90% CIL 80.3% - 94.5%
Cuin (Hg/ml) 1.07 * 0.54 1.09 + 0.53
90% CI 86.1% - 109.8%
Cpyg (Bg/m1) 1.27 * 0.61 1.39 * 0.56
90% CI 83.5% - 99.4%
AUC o,y (ng.hr/ml}) 15.19 % 7.26 16.62 * 6.68
90% CI 83.4% - 99.4%
FI 0.33 * 0.12 0.44 * 0.22
p value 0.14
TMax(hours) 3.41 * 3.52 3.57 * 2.57
p value 0.86
N = 18, Mean * Standard deviation

2,



-,
-

0](055" S};\?S(i C(OS—G,
OROS

VS

K

Relative biocavailability of CBZ, and CBZE after a single 200 mg
oral dose of carbamazepine as Tegretol OROS or conventional

Tegretol tablets

Parameters Tegretol OROS

Tegretol

(unitsj conventional tablet
CARBAMAZEPINE

Cuax (H#g/ml1) 1.52 % 0.37 1.54 + 0.44
90% CI 83.3% - 119.8%

AUC(Omn(ug.hr/ml) 118.51 * 27.52 118.03 * 34.00
90% CI 86.8% - 111i.7%

Tyax (ROUrsS) 24 (12-32) 12 (4-48)
p value 0.158

T%(hours) 41.47 * 7.87 45.93 % 9.47
p value 0.4531

CRRBAMAZEPINE J19,11- EPOXIDE

Cyax (#9/ml) 0.078 % 0.018 0.088 % 0.022
90% CI 71.0% ~ 104.4%

AUC“P@)(ug.hr/ml) 9.92 + 3.43 8.04 * 2.86
90% CI 84.5% - 131.2%

Tyax (HOUL'S) 32 (12-48) 32 (12-48)
p value 0.131

Tﬁ(hours) 70.40 £ 41.65 44.57 * 12.60
p value 0.165

N = 11 - [}

Mean * Standard deviation Tuax Median ( Range )
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NDA:20-234 Submission Dates: October 31, 1991
February 27, 1992
March 27, 1992
May 11, 1992
November 17, 1992

Generic Name, Dose and Formulation: Carbamazepine, USP, 100, 200, and 400 mg oral
Brand Name: Tegretol-SR™ fables

Sponsor: CIBA-GEIGY Corporation, Summit, New Jersey 07901
Reviewer: N.A.M. Atiqur Rahman

Type of Submission: Original New Drug Application

SYNOPSIS: The sponsor has adequately studied pharmacokinetics (single and multiple dose) and
the relative bioavailability of new sustained relcased formulation of Tegretol. Dosage strength
proportionality study linking 100 mg, 200 mg, and 400 mg was adequate. The sponsor also
conducted a study to evaluate any difference in performance of the sustained release formulation
compared to the conventional tablets in pediatric and adult population. Substitution of conventional
tablets administered four times daily for OROS tablets given twice daily showed similar
pharmacokinetic profiles in both adult and pediatric population. In some bioequivalence studies
carbamazepine -10,11- epoxide (active metabolite of carbamazepine) failed 90% confidence
interval test for equivalence.

The assay validation for pivotal bioequivalence studies and the statistical analysis were
appropriately performed.

RECOMMENDATION:

The NDA 20-234 appears to be acceptable for meeting the Biopharmaceutics requirements based
on the parent drug data but not the active epoxide metabolite, provided Comments 1-9 (pages 6
and 7), are addressed satisfactorily by the sponsor.
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CBZ Carbamazepine
CBZE Carbamazepine -10,11- epoxide
LOQ Limit of quantitation
AUC,_ Area under the plasma concentration-time curve from 0 to =
AUG,, Area under the pJasma concentration-time curve during dosing interval
AUGC, 46 Area under the plasma concentration-time curve from 0 to 216 hours
Cas Plasma concentration at 216 hours
A, Apparent first-order eliminat'on rate
Ty Terminal elimination half-life
Crax Maximum plasma concentration
Ciin Minimum plasma concentration
Cav Average plasma concentration at steady-state
Thax Time to reach maximum plasma concentration
T Lag times
CI Confidence intervals
FI Fluctuation index
Ccvy Coefficient of variation



BACKGROUND: Tegretol (carbamazepine, CBZ) is indicated for the treatment of psychomotor
and grand mal seizures as well as trigeminal neuraigia. It is currently marketed as chewable tablets
of 100 mg, tablet of 200 mg, and suspension of 100 mg/5 ml. The recommended dosing for adults
is 800 - 1200 mg daily adjusted to the minimum effective plasma level, between 4 and 12 pg/ml.
Oral formulations of carbamazepine are well absorbed and with high bioavailability, The drug in
blood is 76 % bound to plasma proteins. Carbamazepine has initial elimination half-life from 25-
65 hours, however, autoinduction of its own metabolism reduces the half-life to withir 12-17
hours on repeated doses. The primary metabolite of carbamazepine is carbamazepine-10,11-
epoxide, which is equally potent as an anticonvulsant as the parent drug. During treatment with
carbamazepine the plasma concentrations of this metabolite are usually 10 to 50 % of those of
the parent drug. After oral administration of *C-carbamazepine, 72 % of the administered
radioactivity is found in the urine and 28 % in the feces.

The sponsor has submitted this NDA for a new sustained-release formulation. Tegretol OROS will
be available as 100, 200, and 400 mg controlled release tablet. There are eight studies and two
reports submitted in support of this NDA.

Submission  October 31, 1991  Original New Drug Application for Tegretol OROS
tablets.

February 27, 1992  Additional information regarding Expiration dates of tablet
lots used in studies, Chromatograms, and Statistical Analysis
submitted on request.

March 27, 1992 Addiuonal information on expiration dates of investigational
and commercial clinical supplies and reanalysis of the
pharmacokinetic parameter data based on log transformatic-.

May 11, 1992 Amendment to NDA, consisting of additiona] technical,
pharmaceldnctic, preclinical, and clinical documentation.

November 17, 1992 Dissolution information with or without drilled holes.



SUMMARY OF BICAVAILABILITY/PHARMACOKINETICS
I. BIOAVAILABILITY/BIOEQUIVALENCE :

A. Relative Bioavailability: With reference to a 2% Tegretol suspension (200 mg dose), the
relative bioavailability of Tegretol OROS given as a 200 mg tablet under fasting conditions,
averaged about 88% (CV 17.7%) (Study CPD Report 91035).

B. Bioequivalence; The two ore-sided test at the steady-state AUC, ., and C,,,, for CBZ and
CBZE did not show any difference between 200 mg Tegretol SR tablet and 200 mg conventional
tablet. T),,, was also similar between the two formulations. Therefore the two products appeared
to be bioequivalent based on both AUC and C,,,.

C. Food Effect: The effect of high fat meal on the absorption of carbamazepine administered as
a single 200 mg OROS tablet was evaluated (protocol 32). Carbamazepine was more rapidly
absorbed when the OROS tablet was administered postprandially compared to the fasting state.
Except in one subject (subject number 1), T, values were the same or lower in nonfasting
condition (T),,, ratio being 0.77 + 0.26 ). However the extent of absorption reflected in the AUC
was similar both under fed and fasting condition. As for the active metabolite CBZE, both the rate
and extent of metabolite formation were affected by the presence of food.

II. PHARMACOKINETICS :
a) Single Dose Study:

Following a single morning 200 mg dose of Tegretol OROS tablet to 12 healthy subjects under
fasting condition, the mean C,,,, for carbamazepine (CBZ: was 1.52 ug/mi (CV 24%), the mean
Thax Was 25 hours (range: 12 - 32 hours), and the AUC , vas 115.5 pg.hr/ml (CV 23%). After
s1mllar treatment with a 200 mg conventional Tegretol tablet, tle C\,,, was 1.54 ug/ml (CV 29%),

Max 13 hours (range: 4 - 48 hours), and AUC ., 118.3 pg.hr/m1 (CV 29%). The two one-sided
test procedure on the AUC,, (86.8 - 111.7), and C,,, (83.3 - 119.8) of CBZ showed
bioequivalence between 200 mg OROS and 200 mg conventicnzl tablet. On the other hand,
under fasting condition for carbamazepine -10, 11 epoxide (CBZE), the mean C,,,, was 0.078
pg/ml (CV 23%), the mean T,,,, was 35 hours ( range : 12 - 48 hours ), and the mean AUC,,_ was
9.9 ug.hr/ml (CV 35%) after 200 mg of Tegretol OROS tablet administration. The C,,,,, Tyu.,
and AUG,_ for the marketed tablet was 0.088 ug/m! (CV 25%), 32 hours ( range : 12 - 48 ) and
8.0 ug.hr/ml (CV 36%) respectively. The C,,, (71.0 - 104.4) and AUC,_ (84.5 - 131.2)
parameters for CBZE failed the 90% Confidence inicrval test indicating that at the level of this
active metabolite the products were not bioequivalent.

b) Multiple Dose Study
The steady-state plasma concentration- time profiles of both carbamazepine and 10, 11- epoxide
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metabolite were characterized in terms of the minimum and maximum levels achieved, the times
to peak, the fluctuation index values and areas under the dosing interval curve. The steady-state
for both CBZ (p = 0.33) and CBZE (p = 0.082) were achieved by the 10th to 13th day of
dosing. The C,, 91.6 - 111.0), C,,,, (105.2 - 119.1), C,,, (101.4 - 113.8), and AUC,, (i01.4 -
113.8) of carbamazepine passed the 96% CI test procedure showing bioequivalence at the level
of the parent coinpound. The C,;, (90.0 - 114.2), C,,. (100.7 - 118.0), and AUC,, (100.7 -
118.0) of 10, 11- epoxide carbamazepine passed the 90% CI test procedure, however C,,,, for the
active metabolite did not pass the 90% CI test. The difference in the fluctuation index between
the two formulations was insignificant ( p = 0.37).

III. METABOLISM :
Active metabolite CBZE was assessed and analyzed in bioavailability/bioequivalence studies.

IV. DOSAGE STRENGTH EQUIVALENCE :

The Cy,, and AUC,_, for both CBZ and CBZE passed the 90% CI test procedure indicating
equivalence among the three strengths (100, 200, and 400 mg) normalized for dose.

V. FORMULATION :

100 and 200 mg tablets are compositionally proportional. 400 mg tablets are not composionally
proportional to 100 and 200 mg tablets,

V1. DISSOLUTION :
The Division of Biopharmaceutics recommends an interim dissolution specification using USP
: - 1

]

VII. ASSAY :



GENERAL COMMENTS (comments to medical officer)

1. Carbamazepine has a long elimination half-life (25-65 hours). A 20-30% reduction of the half-
life by induction of its own metabolizing enzymes sustains carbamazepine's half-life to about 12-
17 hours. The long half-life most likely results in a similar plasma concentration-time profiles of
carbamazepine after administration of both conventional and OROS tablets at the same dose and
dosing regimen. As a result there is no added advantage of the OROS tablet over the conventional
tablet.

2. The fluctuation index of carbamazepine after OROS tablet does not show any statistically
significant (p=0.37) improvement over the conventional tablet. Therefore, any toxicity associated
with peak levels of carbamazepine may not be adequately controlled by OROS formulation.

3. In some of the bioavailability studies the active metabolite (carbamazepine -10,11- epoxide)
failed the 90% confidence interval test. The therapeutic as well as the toxic effects of
carbamazepine epoxide after carbamazepine administration L:2ing not established concerns the
Division of Biopharmaceutics regarding the outcome of those studics (please see the attested article
in the appendix).

4. The relevance of marketing this type of product is questionable in terms of :

a) long half life of the drug,

b) formation of active metabclites,

¢) dissolution-rate limited absorption.
Carbamazepine is expected tc he used on a chronic basis, once a steady-state is achieved with the
conventional therapy after enzyme induction, the level may be mantained with Tegretol using b.i.d
or t.i.d regimen. In aldition, the active metabolites having a longer half-life than the parent drug,
1s expected to sustain the pharmacologic effect of the drug. The toxicity associated with the peak
level of the drug will not improve with the OROS preparation, since the fluctuation of the peak
and trough levels is not any different from the currently available fromulation. The OROS
formulation is likely to perform at the same level as the conventional tablet..

COMMENTS

1. In the single-dose pharmacokinetic study (CPD Report 91035), at the level of the parent drug
OROS formulation was bioequivalent to the conventional formulation, however, at the level of
CBZE the two products were not bioequivalent.

2. The administration of conventional tablet resulted in greater number of samples (7/12) showing
split peaks (at 2-4 hours and 16-24 hours) compared to the OROS tablet (CPD Report 91035).
This anomaly needs to be investigated by the sponsor.

3. The rate of absorption seems to be more rapid postprandially (CPD Report 91035). The
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statement © Medication should be taken with meals " in labeling is appropiate for this dosage
form.

4. At steady-state, 200 mg conventional tablet administered twice daily on established doses (400
- 2000 mg/day) showed similar plasma concentration-time profile over 12 hour period as the
OROS tablet administered in similar regimen (CPD Report 91023). This indicates that the OROS
product does not give any added advantage over the conventional tablet formulation.

5. The substitution of four times daily dosing of conventional release tablets with twice daily
dosing of OROS tablets is acceptable (CPD Report 91024).

6. The Division of Bicpharmaceutics has established an interim dissolution specifications for
testing dissolution properties of Tegretol OROS 100, 200, and 400 mg tablets. The dissolution
specifications are as follows:

Apparatus:
Medium:
Volume:
Sampling time:

Q values: 3 hours
6 hours
12 hours
24 hours

The sponsor is requested to submit dissolution profiles of 12 tablets each from three consecutive
production lots, upon approval, to set the final dissolution specifications for this product.

7. The report (Ref 24 and 25) on the correlation between in vivo absorption rate and in vitro
dissolution rate is very interesting and encouraging. The use of plasma concentration-time data
from protocol 32 should be analyzed further before the correlations may be used to allow minor
changes in formulations, manufacturing processes and site changes issues.

Comments op labeling:

8. The relative bicavailability of carbamazepine from the OROS tablet after a single 200 mg oral
dose is 88% (60.8% - 115.6%) compared to a 2% suspension (CPD Report 91035). The
va. “bility needs to be included in the package insert.

9. The statement in section 5 of the Annotated Version of Package Insert * whereas the SR tablet
has slightly lower peak levcls and higher trough levels than tt dse of the conventional tablet for
the same dosage regimen" has not been established in any of the multiple-dos: studies. This
statement should be omitted in the labeling.
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Pharmacokinetics Evaluation Branch

RD initialed by Victoria Hale, Ph.D. dj CQLUGL/L- 97 ot
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SINGLE E PHARMACOQKINETIC S Y :

STUDY NO: CPD Report 91035 VOLUME : 1.11 PAGES : 1211

INVESTIGATOR AND LOCATION:

OBJECTIVES: The objectives of this single-dose study in healthy subjects were: (1) to
deiermine the relative bioavailability of carbamazepine after a single 200 mg dose of the drug in
the form of (a) a commercial suspension (2%), (b) a commercial conventional-release tablet, and
(c) an OROS tablet; and (2) to delineate the effect of food on the rate and extent of drug
absorption after a single dose of 200 mg Tegretol OROS tablet.

FORMULATION: : 2% Tegretol Suspension Lot No: E-13616
Batch Size Expiration date: 3/90

200 mg Conventional-release Tegretol tablets
Lot No: E-13388 Batch Size:
Expiration date: 6/92

200 mg Tegretol OROS tablets Lot No: E-13396
Batch Size: Expiration date: Not available.

Study Period: May 16, 1988 - August 15, 1988

STUDY DESIGN: The study followed an open-label, randomized, 4 X 4 Latin-Square crossover,
design with 12 healthy subjects. There was a washout period of 4 weeks in between treatments.
In food effect study, the subjects were fasted 12 hours prior to, and 4 hours after AM dosing.
Under fed condition, drug was administered within 10 minutes after completion of breakfast.
Plasma samples were drawn at 0.0 (predose), 1, 2, 4, 6, 8, 12, 16, 24, 48, 72, 96, 168, and 216
hour after dosing.
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DATA ANALYSIS: The area under the plasma concentration-time curve from 0 to = zfter
dosing was estimated from the following equation:

AUCq,, = AUCpy4 + Cprig / 2,
where Cp,q Was the plasma concentration at 216 hr (last time point) and 4, was the apparent first-
order elimination rate constant, determined by least-square regression analysis of the terminal
phase of the log-linear plasma concentration-time profile. Peak concentration and time to peak was
visually determined from the concentration-time profile. The terminal elimination half-life, T,
was calculated using the equation:

T, = 0.693/4,
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Relative bioavailability of CBZ, and CBZE after a single 200 mg oral dose of carbamazepine as
Tegretol OROS tablet or as 2% Tegretol suspension

Parameters Tegretol OROS Tegretol
(units) Suspension 2%)
CARBAMAZEPINE

Crux(ppg/ml) 1.52 + 0.37 2.56 + 0.34
90% ClL 52% - 74.1%

AUC,_(ug.hr/ml) 118.51 £ 27.52 134.69 +25.97
90% Cl1 76% -97.2%

T (hours) 24 (12-32) 4 (24)

p value <0.001

T, (hours) 41.47 + 7.87 37.13 £ 7.25
p value 0.0554

CARBAMAZEPINE 10,11- EPOXIDE

Culpg/mi) 0.078 £ 0.018 0.111 + 0.033
90% CI 57.7% - 84.0%

AUC, (ug.hr/ml) 9.92 + 3.43 10.11 + 1.82
%0% CI 77.8% - 114.4%

Tyuu(hours) 32 (12-48) 24 (8-32)

p value 0.008

T, (hours) 70.40 + 41.65 49.05 £ 14.47
p value 0.437

Mean + Standard deviation
Ty, Median ( Range )

RESULTS: C,,, and Ty, for carbamazepine after OROS tablet administration was significantly
(p<0.001) different from the suspension. Both C,,. and AUC,_, failed 90% I test. The relative
bioavailability of carbamazepine from the OROS tablets, indicated by AUC,.,, was 88%
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compared with the suspension. Cy,, and AUCg_, of the metabolite carbamazepine -10,11- epoxide
had 90% confidence interval limits outside 80% - 120% range.

CONCLUSIONS: The rate and extent of absorption o carbamazepine from OROS tabiet
appeared to be low compared with the suspeasion formulation.

Relative bicavailability of CBZ, and CBZE after a single 200 mg oral dos of carbamazepine as Tegretol OROS or
conventional Tegreto] tublets

e — . - e e
Parameters Tegretol OROS Tegretol

(aits) - convenhonal teblet
CARBAMAZEPINE

Crua(pg/ml) 1.52 £ 0.37 1.54 £ 0.44

90% Cl 83.3% - 119.8%

AUC, (ug.hriml) 118.51 + 27.52 118.03 + 34.00

90% CI 86.8% - 111.7%

T,,.,(ours) 24 (12-32) 12 (4-48)

p value 0.158

T, (hours) 41.47 + 7.87 45.93 + 9.47

p value 0.4521

CARBAMAZEPINE 10,11- EPOXIDE:

Cy (uz/ml) 0.078 + 0.018 0.088 + 0.022
90% CI 71.0% - 104.4%

AUC,_ (ug.hr/ml) 9.92 + 3.43 8.04 + 2.86
90% CI 84.5% - 131.2%

Ty (hours) 32 (1248) 32 (1248)
p value 0.131

T, (bours) 70.40 £ 41.65 44.57 + 12.60
p value 0.165

N=11
Mean + Standard deviation Ty Median ( Range )

RESULTS: C,, and AUC, , for CBZ passed the 90% CI test and T, was statistically non-
significant (p = 0.158). However, C,,, and AUCy, of the metabolite carbamazepine -10,11-
epoxide failed the two one-sided test procedure at 90% confidence interval.

LCONCLUSIONS: At the level of CBZ the two formulations were bioequivalent, however, at the
level of CBZE the products were inequivalent.
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FOOD EFFECT STUDY:

Study Design; In food effect study, the sub,ects were fasted 12 hours priur to, and 4 hours after
AM dosing. Under fed condition, drug was administered within 10 minutes after completion of
breakfast. Plasma samples were drawn at 0.0 (predose), 1, 2, 4, 6, 8, 12, 16, 24, 48, 72, 96,
168, and 216 hour after dosing. \

Relative bioavailability of CBZ, and CBZE after a single 200 mg oral dose of carbamazs.pine as Tegretol OROS tablet
under fed and fasting conditions

-
e

Parameters Tegretol OROS Tegretol OROS

(units) Fast Fed
e — -

CARBAMAZEPINE

Criuug/ml) 1.52 + 0.37 1.66 + 0.46

90% CI 72.0% - 107.9%

AUC_ (ug.hr/ml) 118.51 + 27.52 119.70 t 24.33

0% CI 90.6% - 115.7%

Ty (hours) 24 (12-22) 16 (8-32)

p value 0.223

T,,(hours) 41.47 + 7.87 42.92 + 8.98

p value 0.8147

CARBAMAZEPINE 10,11- EPOXIDE

C, o (ug/ml) 0.078 + 0.018 0.08 + 0.016
90% CI 78.0% - 115.7%

AUC,_ (ug.hr/ml) 9.92 + 3.43 8.73 + 296
9% CI 93.1% - 131.1%

Ty (hours) 32 (12-48) 32 (8-96)

p value 0.457

T..(bours) 70.40 + 41.65 §7.24 1+ 27.13
p value 2.2

N =11

Meaa + Standard deviation Ty Median (Range)

RESULTS: C,, for CBZ failed the 90% CI test, however the extent of absorption was similar
under fasting and fed condition as shown by AUC,,_, values being within the 90% confidence
interval boundary. Both C,,, and AUC,_, of carbamazepine 10,11- epoxide failed the 90% CI
test.
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CONCLUSIONS; The ingestion of food before dosing with the OROS tablets resulted in an
increase in peak concentration and a decrease in times to peak indicating more rapid absorption
of the drug postprandially.

Report B150/1986: Comparison of the Carbamazepine ORQS 20/200 to the Tegretol syrup
formulation. Plasma concentration-time profiles of carbamazepine in six healthy volunteers after
a single oral dose of 200 mg.

In this study, six healthy adults randomized in a two-way crossover design received 200 mg
carbamazepine as a Prototype I OROS tablet (not the final NDA formulation) or as 2 ml Tegretol
syrup ( 100 mg/ml of carbamazepine). The tablet had 91% relative bioavailability. The mean C,,,
was 40% lower (7.8 versus 13.0 pg/ml) and T, 12 fold longer (2 versus 24 hours) for the OROS
tablet compared with the syrup. The study indicated a controlled-release functionality of the
Prototype I OROS formulation.

OVERALL CONCLUSIONS: The relative bioavailability of the OROS tablet after a single 200
mg oral dose is 88% compared to a 2% suspension, The peak plasma level and the time to reach
peak concentration reflected slower absorption of CBZ after OROS tablet administration. At the
level of CBZ , the OROS tablet (200 mg) was bioequivalent to the conventional Tegretol tablet,
however at the level of the active metabolite, 5,10- epoxide, OROS tablet was inequivalent to the
conventional tablet. The drug appeared to be absorbed more rapidly when administered with food,
however, the extent of absorption was not affected by the presence of food.
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MULTTPLE-DOSE BIOEQUIVALENCE STUDY :

STUDY NO : CPD Report 91023 VOLUME : 1.12 PAGES : 1-296
INVESTIGATOR AND LOCATION

OBJECTIVES: The objectives of this multiple-dose study in epileptic patients was to assess the
relative bioavailability, average steady-state concentrations, and fluctuations of carbamazepine and
its 10,11- epoxide metabolite during a dosage interval, using 200 mg doses of the drug in the form
of a commercial conventional-release tablet or an OROS tablet.

FORMULATION: : 200 mg Conventional-release Tegreto! tablets
Lot No: E-13388 Batch Size:
Expiration date: 6/92

200 mg Tegretol OROS tablets Lot No: E-13872
Eatch: Size: , Expiration date: Not available

Study Period: January 4, 1989 - April {; 1989

STUDY DESIGN: The study rollowed a double-dummy, double-blind, randomized, crossover
design with 18 patients without any washout in between treatments, Eighteen patients with
chronic seizure disorder v.ere stabilized on established doses of carbamazepine ( 400 - 2000
mg/day ), with commercial 200 mg Tegretol tablet twice daily for at least 4 weeks. The patients
were then randomizid into two groups : one recciving their established daily dose of
carbamazepine as 200 mg conventional release tablets together with OROS placebos in equally
divided doses cvery 12 hours for 21 days and the other receiving an identical regimen with the
active OROS tablet and placebo for the conventional release tablet for the same number of days.
At the cad of this period, they were switched to the alternate regimen for an additional 21 days.
Blood samples were drawn immediately before and at 1, 2, 3, 4, 6, 8, 10, and 12 hour after the
morning dose on the last day of each treatment period. Steady-state trough levels were determined
from the blood samples drawn immediately before the first daily dose on the 10-13th, 14-17th and
18-20th day of each treatment period. ‘

15




DATA ANALYSIS: The steady-state plasma concentration, Cruars Cugar Caopr AUC,,, T, and
fluctuation index were determined from the plasma concentration-time data. The area under the
plasma concentration-time curve from 0 to 12 hr, was calculated by using the linear trapezoidal
rule. The observed Cy,,, and C,, were obtained directly from the plasma level time profile. The
lime to maximum concentration was taken as the sampling time after dosing at which C,,,,
occurred. The average plasma concentration was calculated using the equation:

Cag = AUCgy/ 12

The fluctuation index (F.I) was calculated using the equation :

F.l = CMAI-CM-ICAvg
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Steady-State pharmacokinetics of carbamazepine and carbamazepine- 10, 11- epoxide after treatment with Tegretol
conveational (200 mg) and Tegretol OROS (200 mg) tablet

b i e e X — — —— s e p—_—

Parameters Tegretol OROS Tegretol

(units) conventional tablet
NN T - f .

CARBAMAZEFINE

Cu(ug/ml) 8.65 &+ 2.52 9.70 + 2.67

90% Cl 83.0% - 95.3%

Cii(ug/ml) 6.37 + 2.44 6.46 + 2.12

90% CI 89.1% - 108.3%

Cav(ug/ml) 7.61 + 2.41 8.19 + 2.27

90% Cl 87.1% - 98.7%

AUC, (ug.he/ml) 91.27 + 28.93 98.22 1 27.24

90% Cl 8§7.1% - 98.7%

F1 0.34 + 0.25 0.40 + 0.24

p value 0.37

T, (hours) 4.68 + 4.28 394 + 1.53

p value 0.44

CARBAMAZEPINE 10,11- EPOXIDE

Cruulpg/ml) 1.45 £ 0.68 1.66 1 0.63

90% CI £80.3% -94.5%

C,u(ug/ml) 1.07 1+ 0.54 1.09 + 0.53

0% Cl 86.1% - i09.8%

Crglug/mi) 1.27 £ 0.61 1.39 1+ 0.56

90% CI 83.5% - 99.4%

AUC, . (ug.hr/ml) 15.19 + 7.26 16.62 + 6.68

90% CI 83.4% - 99.4%

FI 0.33 £ 0.12 0.44 + 0.22

p value 0.14

T (hours) 3.4l + 3.52 3.57 1 2.57

p value 0.86

- - E—

N =18
Moan + Standard deviation

RESULTS: Cyu Cuar Caype and AUC,,, for CBZ and CBZE were within 80% - 120%
confidence interval. The fluctuation index appeared to be lowered (0.34 versus 0.4) after Tegretol
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OROS tablet compared to the conventional tegratol tablet, however it was not statistically
significant (p = 0.37).

CONCLUSIONS: The relative bioavailability of the OROS tablet compared to the conventionzl
tablet at steady-state was 93.1% (CV 15%). The rate and extenit of absorpiion of CBZ from
Tegretol OROS were similar. The two formulations were bioequivalent at the level of both the
parent drug and active metabolite.. At steady-state, the FI ratios of OROS to conventional tablets
in 8 out of 18 patients had values greater than 1. Thercfore, reduction of FI by OROS tablets is
inconclusive,

PILOT STUDY:

Trial Plan TO/EP 1

The objective of this study was to compare the steady-state pharmacokinetics of three ditferent
CBZ formulations, administered b.i.d. and/or o.d.

The formulations were:

A: Tegretol CR 200 or 400 mg b.i.d. European formulation

B: Tegretol conventional tablet 200 mg b.i.d.

C: Tegretol OROS 200 mg b.i.d.

D: Tegretol OROS 200 mg o.d.

There was no statistically significant difference in the pharmacokinetic parameters (AUC and FI)
between Tegretol CR b.i.d. and Tegretol OROS b.i.d.
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BIOAVAILABIL TUDY IN ADULT AND YOUNG PATIENTS ;

STUDY NO : CPD Report 91024 VOLUME : 1.13 PAGES : 1426
TI R TION .
OBJECTIVES: The objective of this multiple-dose study was to compare plasma concentration-

time profiles of CBZ and CBZE in adult and pediatric patients with epilepsy during four times
daily dosing with conventional release tablets in equal or unequal amounts, and twice daily dosing
with OROS tablets in equal amounts.

FORMULATION: : 200 mg Conventional-release Tegretol tablets
Lot No: E-14048 Batch Siz
Expiration date: 4/94

100 mg Tegretol ORQS tablets Lot No: E-14102
Batch Size; _ Expiration date: N/A

200 mg Tegretol OROS tablets Lot No: E-14043
Batch Size: Expiration date: N/A

400 mg Tegretol OROS tablets Lot No: E-14015
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Batch Size: Expiration date: N/A
N/A Not available.

Study Period : April 18, 1990 - (pediatric)
May 4, 1990-

STUDY DESIGN; The study followed a two-center, open label, randomized, crossover design
with 22 adult and 12 pediatric patients without any washout period in between treatments. The
patients were maintained for a one-week run-in period on their established four times daily dosing
regimen with conventional-release tablets. At the end of this time they were randomized into two
groups : one receiving their established daily dose of conventional-release tablets four times daily
in equal or unequal amounts for 21 days and the other receiving their established dose as OROS
tablet twice daily in equal amounts for the same number of days. At the end of this period, they
were switched to the alternate regimen for an additional 21 days.

Sample Collection; Blood samples for plasma trough level estimation were drawn immediately
before the moming dose on the 10-13th, 14-17th and 18-20th day of each dosing period. No blood
samples were drawn on the 18-20th day of dosing for the pediatric patients. Blood samples for the
estimation of pharmacokinetic parameters were drawn immediately before, and at 2-hourly
intervals for 24 hour after the morning dose on the last day of each treatment period.

- o m—
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DATA ANALYSIS; At steady-state, Cpur, Catas Cavgr AUCo240 Traso and fluctuation index (FI)
were determined from the plasma conceniration-time profiles of CBZ and CBZE. The arca under
the plasma concentration-time curve from Q to 24 hr, was calculated by using the linear
trapezoidal rule. The observed Cy,,,, and Cy, Were obtained directly from the plasma level time
data. The time to maximum concentration was taken as the sampling time after dosing at which
C,.. occurred.

The average plasma concentration was calculated using the equation:
Caq = AUCgq/ 24
The fluctuation index (F.I) was calculated using the equation :

FI = Cuu- Crw/ Cay
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Steady-State pharmacokinetics of carbamazepine and carbamzzepine- 10, 11- epoxide after
treatment with Tegretol conventional and Tegretol OROS tablet (Adult)

Parameters

(units) conventional tablet
CARBAMAZEPINE Bl

Cy(pe/ml) 8.21 + 1.92 9.05 + 2.08
90% CI 87.0% -94.5%

Cuia(psg/ml) 5724+ 1.53 6.25 + 1.54
90% CI 86.4% - 96.5

AUC 54 (ug.hr/ml) 170.15 1 41.16 179.94 + 40.03
90% CI 91.8% -97.3%

FI 0.35 + 0.18 0.38 + 0.15
p value 0.57

T\ uac (hOUTS) 11.73 + 8.31 14.73 1 5.87
p value 0.23

CARBAMAZEPINE 10,11- EPOXIDE

C(pg/ml) 1.98 + 0.89 2.19 + 1.07
90% CI 85.2% - 95.9%

Cyia(pg/mb 1.26 + 0.54 1.56 + 0.73
90% CI 75.2% - 86.8%

AUC . 4(ng.hr/ml) 39.62 + 17.29 44.96 + 22.02
90% CI 82.8% -93.7%

Ty (hours) 10.38 + 8.33 15.43 4+ 7.30
p value 0.01

FI 0.41 + 0.20 _ 0.32 £ 0.4
p value 0.012

R ey e N S oy ——

N = 22 Mean + Standard deviation
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RESULTS: Cy.» Cuw and AUC,,, of CBZ passed the 90% CI test. There were no difference
in the Ty, and FI values between OROS and conventional tablet. Cy,,, and AUC,,,, of CBZE
passed but C,, failed the 90% confidence interval test. The T,,,, and FI values of CBZE were
significantly different between the conventional and OROS tablets.

Steady-State pharmacokinetics of carbamazepioe and carbamazepine- 10, 11- epoxide afier treatment with Tegretol
conventional and Tegretol OROS tablet (Pediatric)

T — L — - -
Parameters Tegretol OROS Tegretol
(units) conventional tablet
k-
CARBAMAZEPINE
Cuulpg/ml) 9.10 + 2.10 10.39 + 2.41
%% CI 83.7% -91.4%
Ciua(ug/ml) 6.57 £ 1.82 7.07 £ 1.70
9% CI 88.9% - 97.0%
AUC o, (ug.br/ml) 186.87 + 46.00 209.38 + 49.94
¥ % CI 86.6% -91.9%
F1 0.34 £ 0.17 0.38 + 0.17
p value 0.48
Ty (hours) . 15.00 £ 8.16 13.67 £ 6.76
p value) 0.61

CARBAMAZEPINE 10,11- EPOXIDE

Cru(ug/mi) 1.78 £ 0.61 2.05 + 0.07
9%0% ClI 81.8% -91.3%
Cy(ng/ml) 1.27 £ 0.54 1.48 £ 0.56
90% CI 78.8% -93.0%
AUC,,,(ug.hr/ml) 35.61 1 13.86 42,32 1 14.92
%0% CI 79.6% - 88.7%
Tuuthours) 13.67 £ 10.88 11.67 + 8.73
p value 0.61
Fi 0.40 + 0.28 0.33 +0.14
p value 0.48

- e — ]
N=12

Mean + Standasd deviation
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RESULTS: Cyy Cpgr and AUC,,, of CBZ passed the 90% CI test. There were no difference
in the Ty, and FI values between OROS and conventional tablet. C,,,, of CBZE passed but C,
and AUC,.,, failed the 90% confidence interval test. The T,,,, and FI values of CBZ and CBZE
were similar between the OROS and conventional tablets.

CONCLUSIONS:; 1. In adult patients Tegretol OROS administeved two times daily is
bioequivalent to conventional tablet taken four times daily at the level of the parent drug.
However, the same is not applicable to the active metabolite.

2. In adult patients the Fl of CBZE was significantly greater after OROS tablet administration
compared to the conventional tablet.

3. In pediatric patients Tegretol OROS administered two times daily is bioequivalent to

conventional tablet taken four times daily at the level of the parent drug. However, the same is
not applicable to the active metabolite.

24



DOSAGE STRENGTH PROPORTIONALITY STUDY :
STUDY NO : CPD Report 91012 YOLUME: 1.10 PAGES : 1-234
INVESTIGATOR AND LOCATION :

OBJECTIVES: To determine tiie dosage form proportionality of four 10/100, two 20/200, and
one 40/400 Tegretol OROS systems after single dosing.

FORMULATION: : 100 mg Tegreto! OROS tablets Lot No: E-13870
Batch Size: Expiration date: N/A

200 mg Tegretol OROS tablets Lot No: E-13872
Batch Size: Expiration date: N/A

400 mg Tegretol OROS tablets Lot No: E-14015
Batch Size: Expiration date: N/A

Study Period : September 11, 1989 -

STUDY DESIGN: This is a single-center, open-label, single-dose, randomized three-way
crossover study in 18 healthy volunteers comparing one Tegretol OROS 400 mg tablet, two
Tegretol OROS 200 mg tablets, and four Tegretol OROS 100 mg iablets. Trzatment sequences
were randomly assigned, with a three-week washout period in between treatments. Blood samples
(7 ml) were drawn at O (predose), 1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 72, 96, 168, and 216 hr post
dose,
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DATA ANALYSIS: Plasma concentration-time profiles for CBZ and CBZE were characterized
in terms of their areas under the curve (AUGC, ), peak concentrations (C,,,.), lag times (T,,,), times
to peak (T, and terminal elimination half-life (T,). AUC was calculated by linear trapezoidal
rule. Cyyyy Tovoo and T, was determined visually from the plasma concentration-time profile.

Comparison of C,,,,, AUC,_, and T, of carbamazepine and carbamazepine- 10, 11- epoxide after treatment with 1 X
400 mg or 2 X 200 mg Tegretol OROS tablets

P L — ——

Parameters 2 X200 mg 1 X400 mg
(units)

CARBAMAZEPINE
Couu(ug/ml) 3.01 £ 053 2.9 + 0.67
9N% CI 89.1-108.5%

AUC,, (g hr/ml) 220 + 43 227 4 47
%% CI 84.8 - 107.3%

Tyuuu (hours) 24 (6-32) 24 (12 -32)

p value 0.252

CARBAMAZEPINE 10,11- EPOXIDE

Cruu(ng/m) 0.179 1 0.049 0.181 £ 0.049
N% CI 88.7-111.9%

AUC,_(ug-br/ml) 142 + 3.2 13.9 + 4.0
90% CI 83.1-108.4%

T,,..(hours) 32 (6 - 48) 32 (24 -48)
p value 0.116

- e A= e - - -]

N=17
Mean + Standard doviation
Tuu Median (range)
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RESULTS: The C,,, and AUC, of CBZ and CBZE passed the 90% CI test. For CBZ and
CBZE there was no difference (p=0.25, p=0.12) in T,,,, between 400 mg and 200 mg tablets
normalized for dose.

Comparison of Cy,,,, AUC,., and T, of carbamazepine and carbamazepine- 10, 11- epoxide
after treatment with 4 X 100 mg Tegretol OROS tablets versus 2 X 200 mg tablets

R T

Parameters " 2 X 200 mg 4 X 100 mg
(units)

CARBAMAZEPINE

Crae(pg/ml) 3.01 + 0.53 2.96 £ 0.5
90% CI 289.8 - 109.7%

AUC.,(1g.hr/ml) 220 + 43 227 + 47
90% CI 91.7 - 114.8%

Ty (hours) 24 (6-32) 24 (16 - 32)
p value 0.438

CARBAMAZEPINE 10,11- EPOXIDE

Cuac{peg/ml) 0.179 + 0.049 0.185 + 0.036
90% CI 91.7-114.8%

AUCq ,(ug.hr/ml) 14.2 + 3.2 14.6 + 2.7
90% CI 89.8 - 115.6%

Trmu(hours) 32 (6-48) 32 (24 - 48)

p value 0.14

N — 17 ———— — . ——— —

Mean + Standard deviation
Tua Median (range)

RESULTS: The Cy,, and AUC,_, of CBZ and CBZE passed the 90% Cl test. For CBZ and
CBZE there was no difference (p 0 44, p=0.14) in T,,,, between 100 mg and 200 mg tablets
normalized for dose.
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CFD Report 90039: A Pilot Dosage Form Proportionality Study comparing 1 X 200 mg and 2
X 100 mg Tegretol OROS Tablets in Healthy Subjects.

For CBZ, the AUCg,, (135.6 vs 140.7 ug.hr/ml), Cy,, (1.55 vs 1.56 ug/ml), and T, (20 vs 32
hours) were similar between the two treatment arms indicating similar bioavailability for the two
dosage forms. Similar results were obtained with CBZE. However, absence of detailed analysis
of the data precluded any assesment of the study. The correlation coefficients for % absorbed in
vivo and % dissolved in vitro for one 200 mg and two 100 mg OROS tablets were 0.995 and
0.997 respectively.

CONCLUSIONS: The mean AUC,_and C,,,, of CBZ and CBZE for 100, and 400 mg Tegretol
OROS tablet passed the 90 % CI test when compared against the 200 mg strength. This study
comparing difierent tablet strength normalized for dose indicated equivalence with reference to
AUCq . Cyu and Ty, among the (hree strengths, both at the level of the parent compound and
the active metabolite,
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PILOT AND BACKGROUND STUDIES

Report UK RI/199%0 A combination of gamma scintigraphy and pharmacokinetic evaluation
was used to achieve the following objectives:

i. To follow the GI transit of a CBZ OROS system.

ii. To determine the plasma concentrations of CBZ as a function of time for both
formulation.

Plasma CBZ concentration-time profiles after the single oral administration of a suspension of
CBZ and a 20/200 CBZ OROS system were determined simultaneously in 8 healthy male
volunteers using stable isotope technology. The oral suspension contained 100 mg CBZ labelied
with the statle isotope Nitrogen-15 (**N) while the OROS contained 200 mg unlabelled CBZ. In
addition the OROS was externally labeled with indium-111 (*'In) to follow the position of the
system within the GI tract to be followed by gamma scintigraphy. The suspension contained
technetium-99-labeled D [PA to outline the anatomy of the GI tract.

Gastric emptying of the OROS system occurred between 1.1-11 hours (inedian, 5.3 hours) after
dosing. Small intestine transit times were rapid and reasonably consistent (1.5-3.6 hours; median,
2.2 hours) There were wide individual variations in colonic transit, und the recorded total transit
time ranged from 10-60 hours (median, 22 hours).

Input functions were generated to illustrate the in vivo absorption of the drug in to the systemic
circulation from the OROS system, using Wagner-Nelson analysis. These functions demonstrated
that absorption of CBZ was rapid in the stomach and small intestine; the rate being determined
by the release of the drug from the system. In most subjects, the absorption of CBZ was slower
from the QROS system in the colon, reason being unclear.
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DISSOLUTION

Dissolution of each strength of Tegretol OROS tablets sampled from bio-lots used in the clinical
studies was performed using USP Apparatus I (basket). The effect of different media was
investigated using simulated intestinal fluid (SIF), simulated gastric fluid (SGF), 1% sodium
laurylsulfate (SLS), and 0.42% sodium chloride (NaCl) in water. Additionally the effect of basket
speed was investigated in water at 50, 100, 150 rpm. Dissolution media volume was 900 ml for
the 100 and 200 mg tablets and 1800 mi for the 400 mg tablets. All dissolution experiments were
carried out at 37°C.

Based on the dissolution information provided, the Division of Biopharmaceutics recommends that
the following interim specifications be established for testing dissolution properties of Tegretol
OROS 100, 200, and 400 mg tablets :

Apparatus

Medium

Volume

Sampling Time

Q Values : 3 hours
6 hours
12 hours
24 hours
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IN VIVO/ IN VITRO CORRELATIONS;

REPORT BIO #89128 :

In vitro/in vivo currelations for Tegretol OROS
Protocol 32 (CPD report 91035)

The study involved a four-way crossover deslgn where each treatment arms received the
same single dose of either Tegretol OROS under fed condition or Tegretol OROS under fasting
condition or Tegretol conventional tablet or 2% Tegretol suspension. The plasma CBZ
concentration-time data were analyzed for percent abscrption over time by comparison to the
suspension. Absorption rates were determined by different methods and compared to dissolution
rates of the Tegretol OROS 20/200 system.

The absorption rates were determined by three methods: 1) based on the average of the
linear segments individually iucatified in the percent absorption-time profile of eack subject, 2)
based on deconvolution of average plasma concentratior:-tiine profiles, and 3) bz..~d on the linear
segment of the averaged percent absorption-time profiles.

The final estimates of absorption rates determined by these three methods were compared
to the linear segment of the dissolution rates of six tablets whose dissolution profiles were

-

In vitro dissolution rates indicated that the dosage form released 10.4%/hr in distilled
water, wiich closely correlates to the absorption rate of 10.0%/hr under fasting condition.

REPORT BIO #91008 ;
In vitro/in vivo correlation for Tegretol OROS (protocol 42).

Plasma CBZ concentration-time profiles from Tegretol OROS Protocol 42 were analyzed
for percentage of dose absorbed following single oral administrations of four 100 mg, two 200
mg, and onc 400 mg Tegretol OROS tablets in 17 healthy fasting subjects. Wagner-Nelson
calculations were performed, and the resulting abscrption-time profiles were compared to
cumulative dissolution-time profiles in order to establish an in vivo/in vitro correlation.
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Tegretol -SR™ C91-45 (Rev. )

Revision of C591-24 to add text referming to
Tegretol-SR. sustained-release tablets,
under the DESCRIPTION, DOSAGE AND
ADMINISTRATION and HOW SUPPLIED

sections.

Base Copy: C81-24
Co145(Rev. )

Tegretol-SR™

carbamazepine USP
sustained-release tablets of
100 mg; 200 mg; 400 mg

Tegretol®
carbamazersne USP
Chewnhia Tablets of 100 ng
Tabiztz of Ziimg
Suspetmion of 100 M58 ML

WARNING

APLASTY: ANEMIA ANO AGRANULOCYTCSIG HAVE BEEN REPCRTFD IN ASSOCUA.
TIOR WITH THE USE OF TEGRETOL DATA FROM A POPULATION-BASED CASE
CONTROL STUDY DEMONSTRATE THAT THE RISK OF DEVELOPING THESE REAC-
TIONS IS S4TILIES GREATER THAN N THE GENERAL POPULATION. HOWEVER,
THE OVERALL RISK OF HESE REACTIONS IN THE UNTREATED GENERAL POPU-
LATION {5 LOW, APPROXIMATELY SIX PATIENTS PER ONE MELION POPULATION
PER YEAR FOR AGRANU OCYTOSIS AND TWO PATIENTS PER ONE MILLION PORJ-
LATION PER YEAR FOR APLASTIC ANEMIA.

ALTHOUGH REPORTS OF TRAMSIENT OR PERSISTENT DECREASED PLATELET
OR WHITE BLOQD CELL COUNTS ARE HOT UNCOMMON N ASSOCIATION WITH
THE USE OF TEGRETOL, DATA ARE NOT * VAILABLE TO ESTIMATE ACCURATELY
THEIA INCIDENCE OR OUTCOME, HOWE\ cR, THE VAST MAJORITY OF THE CASES
OF LEUKDPENIA HAVE NOT PROGRESSED TO THE MORE SERIOUS CONDITIONS
OF APLASTIC ANE MLA OR AGRANULOCYTOSIS.

BECAUSE OF THE VERY LOW INCIDENCE OF AGRANULOCYTOS!S AND APLASTIC
ANEMIA. THE YAST MAJORITY OF MINOR HEMATOLOGIC CHANGES OBSERVEDIN
MONTORING OF PATIENTS ON TEGRETOL ARE UNLIKELY TO SIGHAL THE OCCUR-
RENCE OF BTHER ABHORMALITY, RONETHELESS, COMPLETE PRETREATMENT
HEMATOLOGICAL TESTING SHOULD BE CHTAINED AS A BASELINE. IF A PATIENT
IN THE COURSE OF TREATMENT EXHIBITS LOW OR DECREASED WHITE BLOOD
CZLLOR PLATELET COUNTS, THE PATIENT SHOULD GE MONITQRED CLOSELY, DIS-
CONTINUATION OF THE DRUG SHOULD BE CONSIDERED IF ANY EVIDENCE OF SIG-
HIFICANT BONE MARRCW DEPRESSION DEVELOPS.

Belore prescnbing Tagreict, the physician shoud be thoroughly famiimr with tha
datnils of his preacriting Information, particularty regurding ym with sher druga,
spacidily thowm which scosnia e oxclty polnisl

DESCRIPTION
Tegen, cutamazepne USP, & an mniconadant and sedile maipesic kv wigaminal
neuraiga, aviiabie kr ordl admvisEalon 35 chewalie et of 100 mg; Bblea of 200 my;

SR tablets of 100; 200; and 400 mg; e Jeodasdsuepanson of 120 myrSml fuaspoony. RS chevecal Aabe i SH-dbenzib fjazepine-

———nd

Trgretol-SR tablets: cellulose compounds, dextrates

iron oxides, magnesium stearate, imannitol, polyethylen
glycol, sodium lauryl sulfate, titanium dioxide (200 m
tablets only).

and SR tabiets |

Tagretol

5 cubaamde, and 8 srocasal formda i

000

Cabamareine USP is.a whits 1o off-wtite powder. pracically insokuie in wai and sokatie
o dloohal and in acelone, Hs Moleular waght is 2627,

nictve ingredianss. Tablets: Colicidal slioon donide, FOSC Red No. 1 {chewatle tabets
enly). FOL.C Red No, 40{200-mg tati sts eniy), Lavoring [chewable tablets eriy), gelamn, glycann,
MBI S a18. 300um SIch grycolals (chewabie tatiats Gnfy), STrch. sleanc a0d. and
was {chewatle Gbies orfy]. Suspanmon: Ciic add, FOLC Yelow No.b, Savaring, paiy-
T, PSS SN, Profylens Quyeal, purilied water, sortxicl, mucrone. and 1andhan qum,

CUNCAL PHARM ACOLOGY
In cortrofied direcal Tiala, Tepreicl has deen shown © be eflecive in he Teanan of
pSychamotor and grand mal sezuwes, a3 wal as rigeminal euralgia

% hay demansirated anficonwulaind proom e 128 and ice wih slectically and chemi-
caly induosd sinvred. i 3RS 10 8t by r+ducing polySynapiic rampanees and biocking he
post-wanc potentiaton. Tegreni Feally reduces & abokshes pain indusd by pirutason of
heinghiainerve ncas andrais. R depresses halamic polendial and tulber andparysymapic
1eflazen, induding ha nlemin can Tagrex is chamically unvelated b oher
anlconvisat or olhar druge vaed 0 eeniral e psin of Figeminal neuraigis. The mechanism
of acHon ramaing unknown. .~ -

ol dnst o he cradabon, e

and the SR tablet slighty

e ablel lul_.uup ™

slower conventional |l

whereas the SR tablet has siightly lower peak|
levels and higher trough levels than thoss of
the conventional .

Furthermare, following a bi.d. dosage regiman, Tegrata-—

SR tablets afiord steady-state plasma levels comparable
to conventional Tegretol tablets given q.i.d, when admini-
stered at the same total mg daiiy dose.

he same d0L308 regiman. On
e ohwr hand, lolowing & U4 dosage regimen, Tagreinl suspension alicros seady-staw
Fasma levels comparsbis 1o Tegreldl tabiel pven bLA whan sdministersd At he same iotal
dote_J ey o0l chawstis Lt ec may protuce higher peak levely tha: 1w xame dose
T gven s eguiar ablets. Tegrebl in bicodis 7%, baund DEaema proteing. Plaswa lovels of
Tegend nmﬂllﬂmmgnbaﬁ.&-ﬁ“ﬂlnm.-hmuhﬁr
incaka of e drug. Uissal adult Tiarapaus G lvais e batween 4 o 12 1A, Folowing chwanic,
oral ad~ viawanon ol suspanscn, plasma levels pRIk 3 aprozimately 1.5 hous compared 10

£~ STaurs alwe adminimraton ol sratGEiak. The CSFsenus rato is 022, simia 10 e 2%

conventional Tegretol tablets, and 3-12 hours
after administration of Tegretal-SR

.J‘L..ﬂ!

"‘ -



wbound Tegretd in serum. Bacause Tegreiol M3y MAUCe it Own matEckem, B haiHile it
algo variabie . inwsial haif-Ske vaiues rangs irom 25-65haurs, win 12-17 haursonrepasied dauss
Tagromi i Madabciz et n e bear. Alae crdd somwass aicn ol * g, 72% OF e
adminis tered (adicacivity was lound in he urns and 28% 0w leces, This urinary Fadioaceviy
was composed Wigey of hydronylaed and conpgaied meabolisa wih oy J% o un:
changed Tejretal. Tranapiacental passags of Tegreaol i 1apet (30 - 60 mirsses), and 1 dnyg
b accumulated in bl §amans, wih highar evess kund iniver and kiiney than in tran and lungt.

INDICATIONS AMO USAGE
Epitepsy; Togrewd & indcatad kor uss as an antacorwuisant drug. Evidence muppaning
shcacy of Teqretil as a0 dncormadsant was deived om sctive drug-conirol od S hal
encolied patents wilh the Ilowng sezure iypes:
1, Parsal sEnues Wi COmBleT Symplamabiogy (pey chomoky, Imporal Sobe). Patents with
et STt 2008 1D Show gFsaN nprovamant an hoss with oher ypes.
2 Gvar kT 0 A0nac-Canic nalzis e {rand mal).
1, Mixud seizire pARamS which s e 2D0ve, & othr parial of ganeraiized seizres.
MMMHMMummnummquod(umlm
o).

Trigamingf Neuraigin: Tegrent ks indcamd in s taatmant of the pain aszocialed with rue
rgemnal nexaga

Banediat resuils have 350 been reoared in giasseoharyngeal heuraigia.

This drug is not 2 Smple anaigesc ang snoud Aot be uaed kar e rebe! d Ivial achas of
[Tt

CONTRANDCACATIONS

Tagetl shaud not be Used in RN with 3 Ay of orewous bone Manow depressian,
hypet sangitvilty 10 e GRS OF known sansiely 10 3y Of e FCy G Cumpaunds, Ba i
ATUIEYUNS, GERDIAMING. IMICY AN, OF O DIYna. NOrTintyting. etc. Likewrsa, o henesocal
rounds ks USa wih MOnOAMING (xidd $4 NNt iS Mol lecommanded. Bal=ra admnistason
of Tagratl, MAD inhititors should be disconanued iar 2 maoimum of icslesn days, o longer il
The CONICY SRLINCN DA

WARNNGS
Patents with 2 ROy of 23verse hemamioge reacion 12 dny arug may be parscularly atrisk

Savers darmapiogic reacsont inchadng 0uC sademal neciiysis (Lyels syndroma) and
Svan$-Jongan SNromy, hive been reoed wih Tagredd. Thess reacsons have teen
axysMmaly e, Howewsr, 3 low Latalilos have Basn reporied,

Tegeul has shown mid Jacholneme acivly; Parsicra, palants wih increassd inta-
ocular prustie shauld be codaly chisarved durng harigy,

Bacauss of the relaiiorrip ol ' g 10 o IRCYSie compaunds, the pasubilly of sciva:
toncl & laiant PEYChOSS and, in sosdy PIING, ol confusion of Agiadon shoud be toms
wmnd

PRECAUTIONS
Genaral: Belors nisatng theapy, 2 detiod hs bry and phys.cal wramnasan should be made

Togenl should be used wii caub0n N Datents with 3 mu el seTute dsorde hal inchades
AVDICA AXANCH SMIUIIE. BNCE W s pacens TaFeK has besn assocaied wif nc/sasad
hoquency of Qe 8z e comis.ons |see IRDICATIONS AND USAGE).

Tharagy snould be presgie only sbe cracdl benskr-p-nsk spgrasal o pasens wik a
history of crdiad. hepdic o tendl damage. iverse hemaiolone 193K K 0N dugs, O
iniarrupted coursas ol haragy weih Tegrenl

Saice 2 gven dose of Tegretdl macension wil produce higher peak levels han e same
dosegenasihe abiel it is recommended Nal 6a 1S g en the SUSpension be started anlower
dotat and NCaAd Slowly B avad Lrmanmd side Miecs (tas DOSAGE AND ADMIN.
ISTRATION).
laformation for Patents: Paients shaukd be made awary of 1ne sady ioac 3908 and symes
wms of 2 paental heaniogc protiem, such 35 lever, sore(roal sash. ulows in he
Mauy, dasy bruisng, Patechial or UL hamarmhage, and shoukd be adwsed K0 repert (e
e physcan immedulaly ¥ iny such Sgns o SYmploms apoear.

Sirce dZIved 4 K OwEness may ocos. palent shouk! be Ceiloned about e hazade
of oparaang machinary of putcmables or engagng in e potanbally dangercus tasks
Lrboraiory Testi Complels prezsamant Biood counes, includvg plawies and possiby re-
KuloCYtes and seuUm Fon, should be obtaned as 3 baseina I a palent i e courge of
waalnant axhiits low of decreased whats bloxd call of platelsl counds. the paseni should be
monviored assly. xscon inuation ol the dnug haud be cong deed if any swcence of sgridcant
Lo Mutsrow dapesison develops.

Baselrw ard pasodic evaluations of iver unclion. banicuary in paients with & Nssory
of vt dissane Mult b paricreed urng TeaTRan Wi ik dnug INCe iver damI0e may
ocur. The drug $hauld be discontrusd ENmadaiely i Ches of Sgravated ivar Cysuncion o
acive ive disima

Basalne and pericric aye sxamnations, incluting ik -lamp, hndutoopy and Knamery,
A0 tecAINGed SNCH Many phancCialnes A relaiad drugs have been shown © tause
e changes.

Baswine and patiodic compiete unnciysis and BUN delrmnasions ae recommaended b
pafaris vedind with it agant because of observed [andl dysiuncion,

Sdonitcring of blood bewsls (ses CUNICAL PHARMACOLOGY) has increased the sflcacy
ard silety of smsoodsants. This monilonng may S pirsadaty usehd in cases ol e
inzease vy saipue kaumncy and lor veviicason of comgliance. In additon, Madduremant of
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Uy senm iveld BUy 50 SHEMNGY P carsedl DAl when Mas han one madicaon
is teing 1,

Thprasd Anction et have bagn 1apcried 10 show 0ecsisad valiet wih Tegreml ac.
iaied alora.

Hyponaamis has bes reparied in a580.iaa0n with Tagretol use, mtw 3kne of in combi-
nakon with oher SgL
Oryg inersciens The simulineous soninsrabon of phencoartite, phanyioin, o
rimiiona, of & combinanon of v, proedces.3 tharkes keaing of serum levels of Tegrata. The
aflact of valtzaic acid on Tagres blood levels is not clearly ssiablithed, although an increass in
e rafho of #0917 114002000 Malabok 10 B4 et compeund i 3 consistant inding.

Thehalt  “henysan wartrrin, kaxye,cine, and Swochyline were signilcandy shor-
ONad whan Suoe Sred concurtenty seih Togeent. Haloparidd and valprons 200 secum isvels
W2y g rekuond whan hets S e 2 stersd witt Tagrekal, The doses of hase dngs
By hersias hive D bs nosctad when Tegrenlis added Ib the herapeutc regimen.

Concomitshl adminisTatan of Tegreiol wih erytvamyon, camelidne, proporyphene.
feniarid fuosetine o cllcum Garmal blockers has Semn feporsd 10 renall in slevaied
pacm fovels of carbima2aping restiing in oty in Fooe s, Alto, concomitant adins-
aion of cahanarepne wrd Shiem may incrise e risk of neurotcric side sifeci.

AR I of $TOid LINCHON hirve S 100 Md in SOMmbINaban $wcapy wiih other anicon-
Wltand madcadons.

Sroakgwough blsedng has basn repcried among palients receving concomitant ol

oy acecnvas avd twrt teliabilty may be adversaly allacwd.
Carcinogenesis, kumgenase, imparmant of Feriiity: Carbamazepns, whan imintiered
% Sorague-Dawley ranfor o years inthe dimt &l dowss of 25, 75, and 250 moAgiday,
rn:5ad in 2 doss-selaled increats in the inadencs of Mpacceluly Lmors N (emales and o
barvgn inmesital ool enomas i e Bl of Malss.

Catrsazepns must. Merskcry, be considesed b be caronuanic 1 Sprague-Dawwey .

Baceial and mummalan mutigencly SLidies ushg cCarbamazenne producet Negilw i
stz The sigrikicancs of hess fndngs relasve o he use of cirbamazenins o humansis, at
Presant, unknown.
Pragrancy Camgary C: Tagrekl has been ghomn 1o have ad slech N igyodeion
SLdiss in 138 whan gwen oraly 0 dosages 10-25 Imes the maxmum human daily gosage of
1200 mg. in7a rakiogy sudel, 2 of 135 ofsping showad nkad ibe at Z50mghyg and 4 of
119 offsring &t £50 Mo g showed othar snomalies {dak palaia, 1; Wipes, 1 anaphthaimos,
2). In feproducion SAXEN i 13, aurmng oftegring demonsraied a lack of weight gain and an
ANKampt 2(061 SACH A1 & 2T ccatage leval ol 200 mpkg.

Thare xrero adauae and will cormaied £08 it OF 600N woman. &suminiogical data
2g0est 1l hare May be an asiociatcrn bewweart e Use of ClleM 268 NG fregnRaINcy
and ocnganicl mallcmations. inchuging spina bilda. Tagretol shoukd be used durng praghancy
nly i he potntal benell ustbm e potendal nisk b he s

Rewospecave case ieaeurs Sugoest tal. compued wih monofwrapy, hes may be a
Pighar provaiance o HrEODENK S2eCE 2530C 31T wift e use of anicomassants in comb-
nalon herdy. Therekrs, monolhurapy s tecammendad ko Sregnant woman.

R isimporant ©nots hat anlcamisant drugs shoukd nol Be Gsconanied in g ients in
whom e drg it 2ameLioned 15 [revent Mmapr $e2ues becaute ol e sbong pos bty of
Pocpitatng Hank apleoicus mi ateiant hyDond and Bved) 0 kle, In indvidua) cases
whine e sevanty and Facuay of e sazure dsorder e such fhal camoval of medicasion
Goesnct paie 3 seacus Fvadl o e paint dscomnuaton of the dugMay be comidared
P 10 and dumg pregnancy, Mhough € cannol be sadweh any confdencs hat sven minor
Sanures do Aot PoEs sama hazird D e devalopng ambnyo o fpus.

Labor end Delivery: The effect of Tegranl an human Litor and delivery is unknowe
Mrcing bothars: Dunng lactaton, concanvaren of Tegraid 1 vk 6 dpprcamamdy 60% of
e mawend plaama cocanraim.

Becauss of he pownsal icr LInGUS adver se FRACANS N ANSING iNlants o carbamare-
D, 2 Gcilon S0 be MA% whather D Gsconems sng of 1o desconins he dug,
kg inio acount he Mmpartance of e drug 10 Pw modr.

Podisine Uze: Sadaty and Mlsciveness n chidren tsiow e 2ge of 6 years have not besn
axbiighad.

AODVERSE REACTIONS
U atverss reaceons e of such gaventy hal 1 A MU be disconfnued, ha physician
mugthe awrefiat dxupt SSOTILA0N ol ANy AMCOTVLEIN ALY I A1 EPONEVY ERMOEC
Palent may land 1 Sezures O Svpn SLaks actiepocus with i He- T adisning hazaros.

The most savere xiverss eacions have been chearved i the haMODGRC SYSI (508
boxed WARNING], v skin and the cardiovasas sysiam.

m-ﬂlmd-mgdmunnplmwiqhiiu phass of
ey, we dITivst GrOsSANGS WEBMINE, AL 1N vomeng. To munmzs he
posabally of such reacions., irapy shadd be reaied a 1w iow dosage Tecommendied.

The lafowing addiional acversy reacions have been rgoned:
Wsm:ummwmmmmmwu
S0, BrombocyTPeny, Ukareniy, Mukscyions, sosncphils, Ao inkermitenl porpinria,
Skin Frunic nd eyhamatcus fashes, o beanid, ooc pidarmal neadysis (Lyel's syndiawe)
(e WARNINGS), Stevens-Jotnuon syndrome (ses WARNINGS), photosenatvy reaans,
Sharalion 0 B poentaton, eridisive dermases. eyhena mufioma and nodomm,
PRI, sgravation of dxseminiied bpwt o Mamaoas, sopeal, s diphoes
corlan casss, G3coniruaten of Naaragy may be necessary. isolated cases of hrmesm have
e reporied, bl 3 canal relaiorgiig is not clex,
Cadovascuinr Srsme: Congasive hairt lshae, sdema, aqgravatan of hypsmnsion, bypo-
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N, Wyoope and cflapss, By avasan of coronary WY disease, aThythmias and AY
Sock, primary SVOmbophiabiit, 1ea.1ands of (rombophiebitie, a1 adencpathy of iyinghad-

mdmwﬁumMM|ﬂlldhhﬂhM‘ [
has bean associaind with othar ncydic oenpounas.

Liver: Abnormaltes in fvar lncson lesi, o clagass a9 hepa DoshAir undics, hapasex.
ﬂmmm Pumonary typw sensiiviy charachinzed by lever, dyapnaa. prvcmansis

Msmmim.mmmmmumm
Frommas. szoiamia, rena Lakre, and Mapolnrs. Abuwinaia, giconria, slevaled BUN and
MICIOACORIC Gepatits I e Uring have ais0 basn o

Tousicuiar anophy ccoumed in s recalving Tegrewd orly o 4 10 52 weeks 3 dos208

Iovels of 50 10 400 mg/gday. Addsonaly. ram recanving Tegreidl in e diet X o years ot
dosage ievels of 25, TS, and 250 mgghicy m-mmmumum
d aspermaicoenesd. In dogs, i produced 8 brownish diyios aeon,
inetabalile, in e Winary biadder st dosage keveis of 50 mghg ard higher. Mmdm
ndngs 10 hurmans is unnoen.
Nevous Syssen: Dizziness, dromsines, dstrbances of coordinatian, condgion, hasdacha,
tatique, biurred vision, visual halucinalions, Faneent $pkosia, Oouomot’ dshrbances, mys
tgmus, 1omch disrbancst, stnarmal involekry mowsens, parphwal neurss ad
pitotw sl derenion wilh agkation, Dllusiverses, (L, W hyperaass.

Thets have bean regorts of associaied paiyss and ot sympuxms of owadral anerial
inmlicency, but he stact relasorahi of st eacions 10 M drug has ot bean sstbiahed,
Digatzve System: Nastas, wrning, 365 Saiees and abdamenal pain, danhed, consi-
PAMN, MYend, And dryrems of Bhe mouth and pharyna, inclading glaains and BTN,
Eyes: Scanared puncta coriical lens COBO ML, 35 wall A5 CTPUNCIVEE, have bisen feporied,
Ahough = deact Causal relatonship has ot been setabished, many phenotiiaznes am
folaind 4rugt harve baen shown © CRISE 74 et
Macacskaes Sysam: Ading ionts and musces, i leg camps.

Matabxxism: Fover and chila, Inaper cpriam sridaswic harmons (ADH) sacreton synarome
has bean rapcried. Cases of Fank waser icascason, with $00 63 8ad sarum sodkr (iyponare-
i) and Conkusicn, have been reparied in asscoiason with Tegretal uss (ses PRECAUTIONS,
Latarar; Teats),

Owum:nudlwm::;‘“ dromehaveb d Thee hre
Mm-u:mdhﬂmdﬂulh&munwmn
palianis taking anfccrvuleants.

A case of mapic mening . sccanpanied by myacons #hd pericheral sosincpila, has
Dby 1apored in 2 palent kking catamareene N cominddon wih o madcalont, The
paient wat successhully dechalenged, It e Sawngits reappesed upon fechaliengs with
cubamarepne.

DAUG ABUSE AMD TxPCNDEMCE
40 saderss of aurse pondl hat Dedn Escoied wil Tegrenl, na is hare evidence o
pyhasgca o physical depandencs o humans.

OVERDOSAGE
Acuw Tomdity
Lowesd knovwn jahal dote acuits. > 60 @ (19-year-old man). Highest Imown dosas survived:
B, 10 g (1-yax-dd womany, chidan, 10 9{6-year<iddoy}; smal cidien, S5{dyen-
ad gig.

Ol LD inanimals (ngAg) mice, 1100-3750; rats, 1850-4025; rabists, 1500-2630; guanes
B, 220,
Signs and Symptome
Tha kst mgns and ympoms apoe alter 1-3 hours NewomUBaLa s lrbances are the mast
promnart. Candiovasadir daxoers ae ganaraly mider. and savars cardic complcasam
ocar ondy when vary high dases (60 ¢) have basn ngesed.

Rexpraton: gt s Teaiwng, nivaieey dereaman

Cardovexcuar Sysiar: Tachycidia, hypomnaon o hypenansion, shack, conducion dadl-
ot

Nearvouss System and Musces: inpunment of crsaousness FIngng i saverity 10 des coml.
Camigons, sapadally in smal chihen MOKY restetsness, musailyr wiching, Yamar,
alhwiad Movenaents, oot hotanas, atasia, drowsnses, AIZiNGes, Mydriass, hysiagmus, adi-
adochalkireaa, baleam, poychomonr debrbinces, dyswasia. ingal hypenelesia, idticwsd by
hyparebemia.

Gasroniesing/ Tact Nasse™, vomiing.

KGdrwys andd 8 adder; Amaia ot dliguria, Wrinacy remegen,

Laboraxry Fadings: walated insances of owidosage Aive inchuded Ieukocytonis. reduosd
ummwmmum EEG may show dywhyvas.

Canbined Paisaning: When sichd, Ficycle M idepresants, birbinsases of hydanisne ars
takan at he Snd e, 14 Signe and sympioms of S Poacning wih Tugresal may be
gy acasd o modied,

Treaimant
The trognoss in canet of severs pal sorsng i qiscally sepsndent upan prompt ekminatianol the
drog. whuch may be achioved by inducng vorumng, inigaing he simach, wd by taking




TegretolSH is a sustained-release formulation for
convenient twice-a-day administration. When converting
patients fromTegretal conventional tablets to Tagretol-SR,
the same total daily mg dose ot Tegretol-SR should be ad-
ministared. Tegralol-SR tablets must be swallowed whole
and never crushed or chewed.

and SR tablets

Tegrewl-SR™ C91-45 (Rev.

EORNAN Sags 1 dimiish abeorpion. I Fises Avhl s eg CI0L By IRplemanted wtwoul rish
o e ol T plient shouid be Sangierad af oncs 3 8 hospal whis enmtng fhal vl
hrctors are salepaarded Thnd it Ao Speoic anadow.

Ehmeaion of e Drax induceon of vomitng.

Gane avage. Eveny whan mom han 4 hours hve slagpsad iowing ngesion of he éng,
e Momach should berensatedly Imigased. ssoecialy § ihe AN has also cnssned alcohal,
Masares  Aatice ADsopion ACIVaLE ChCoR, 1anarves.

Measmni 2 Accoiara Elminstion Foroed daness

Olalysis is indicaind orly in severs pomoning sssaciased wilh fenal iure, Reglacement
warmhusion is indicaand in severs polsareng in smal chidren.

Rexpingvy Depresskat: Kesp e sirvays es; tesert, § nacessary, (0 endovachesl inas
Bukon, ipbaial toupitaion, sl adwinise aion of arygen.

Nypotersion, Shock: Kesp e DARE S 4098 1aised g acminisisr & plasma asparde. B Siood
proanne ais W dos damies Mesaris fiun © iNTase P vaume, vee o vesoacive
ubsances Shiid be conpdend.

Comusion; Dz & bartitnasa

Waming: OlS2ept & bytiLraME By 20 IvaN (i AErY dacysasion (eepacialy I chi-
aron), Mybolrtsn, 2 coma. Howevar, bartynr e shousd fof e used i eruge Pt inhibi
MaMONNe oxkisse hive sis bedt laken by Bw fasent S8 iy overdosage o in fecent
IhraDy (wishin ane wask),

Sunelance: Raspr aton, cardac Ancson (ECG momaoning), tood presmws. Body 1ampars-
e, pupllary redanas. ind bidney sndl bladder kecion shousd be morsiored for several dayt
Tresmand of Blocx! Couni Atnarmalises: 1 ewcenca ol signilcant bane marow decyassion
devaipa, e kiowing (ecomendatons are ugoesiect {1) S0P e drug. (2) parlom daly
CBC. clastat and sedcuiccyis Countt, (3) 40 3 bone manmow aspiraton and Tephine bicpsy
S0 dedy and (DKM with sudiciant iy ecr mNCY S MOUKY IOy,

Spacial pericdic. $hades might b haiphs as laliows: (1) whie call and plaiaiet Mitodes, (2
e —Jarchineic s, (3} padpheral bicod cml vfang. (4) cytoganeis saxGes on marrow
and peripharal tood, (3 bane Matow culire studies o colony-lonesng urnatt. (6 hemogicbn
shactocroress ke A, and F hemoglakin, and (7) ssum ok A and B, level.

A by develctnd a0lasac mnamia wil ragurs 007 conata, nlensive mxrianng and herapy.
Iy which spediaiaed conautialion ihould be seugnt

DOSAGE AND ADMIMSTRATION (10 Ribls beiow)

Moniicring of Heod levals hat Inoraaesd he 4820y pd salely of aicormisane (s
PRECAUTIONS, Laberacery Tesas). Doszge shaud be adusied 1 e neads of the individaa
pabenl A low inial daly G000 Wath 3 20Ul RO KNS B AL AS 500N bb 0NN
contd is achisved, $he darage may be reduced very rackally 10 ha minimarns sllacive level.
Madicabon shaid e kan wilh maaly,

Since & grvan Sose of Tegrend! wrapenson wi o oduce hughr pesk isvels han e cama doss
GYeN 22 e LiSel, it B Hcommended 10 S with iow doss (childran §-12 year & uZ isaspocn
QL) and 10 Incredns Yowly 0 Bvoid unwaniad Gids sltects.

Corver sivr: of patants o oral Tagretol tatdecs 1o Tegradl ruspension: Fa ke should be
cormenad by admndianng I Same numbe of B3 par day 1 amaler, more Kequnt dosas
fle, big Bbiem b LY. wepsnsan).
'eumqmwwmmusma.
Adris and children ever 11 yeers o/ sge — initial 200 mq bui.d. for tables or | Baspoon qLd.

b.i.4. regimen of Tegretol-SR or a

Nid vgis s

K aapeneon (400 4 par Gay). I ASS 3 widnly NIaNAS Dy 3500 U © 200 mg per day
i he cormal spsporae s cbianed. Dasape g wetally should not
ax0bd 1000 19 O34y in chécran 121 15 yaars ol dge, and 1200 my daiy n paiienas above 15
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yoreof agn. Dosesup v LEQ0 MG daly have Dawrtvead in B4 tar s nstances. Mainineace:

Adiust umm@sb#_%’.
12 yours of age — : E1iner 10 mg 0U 4, W2 maspocn qid. ko

or SR tablats
SR orI

RNSensan (200 g par day). incieme at weekly inlervals by iding up b 100 Mg par day

2 b.i.d. regimen ol Tegreiol - |

of the Jother formulations

or SR tablets

genarally shouid

Eutucu.fg ﬂhwmimm
A0t Sard 1000 My danly. : AR GOS308 10 e M sHecsve lovel, umally

400-000 mg dady,
Cambion on Thrapy: Tayotol may te used sone of wilh other sscamAlsant, When added
1 masting andconvuinant ey, he drug shaud be sdded graduslly whis fw st arsic-
WSS ire mansEhed o gradusly decreesed. axcept pherwtoin, witich may have © te
incyeasad {see PRECAUVIONS, Druy intsracions. ami Prograncy Casegary C).

Trigaming Neursigin (se INDICATIONS AND USAGE),

initint:On e brat doy, sither 100 mq bLd. ky V2 heaxpoon §.).4. kr suspansion ky 3
uﬂmd%qﬁ%mmamnnumqaqm

== inemerms of 100 12harsor $0880{12 Imtaporn) q L4, by maspansion,
or SR tablats —mﬁ-ﬁﬁ%rﬁmﬁ lu-u-ﬁ:h—u cu:‘z

SR Tablets 100 mg — round, yeliow, coated, (impinted Ton
one side and 100 mg on the other), release portal on one side.
Bortes of 100 .........ccvvererremeccrseseeere NDC XRXXX-XXX-XX
Unit Dose (blister pack)
Box of 100 (strips of 10) ............cceec... NDC x3X3X-X XXX

SR Tablets 200 mg— round, pink, coated, (impnnted T on
one side and 200 mg on the other), release portal on ane side.

Botdes of 100 .......c.oveeeercerererevnreaeene NDC xxxxx-xxx-Xxx
Unit Dose (blister pack)
Box of 100 {strips of 10) ........c.cemrreenns NDC xxxxx-xxx-xx

SR Tablets 400 mg — round, brown, coated, {imprinted T on
one side and 400 mg on the . ther), release portal on one side.

Bottles of 100 .......cocveceemenvnrrenereenenn NDC XXXXX-XXX-XX
Unit Dose (blister pack)
Box of 100 {strips of 10} ...........ceuseeene. NDC X22XX=XX%-XX

Do not store above B6°F (30°C}).

ol pain can be mantained 1N OR palants Wit 400 Mg o 800 mg daily. However, aome pa-
Swnis sy bemananed on as 2 a8 200 mg daly, while sthers may fequire a3 such =
1200mg daity. Al isamt once every 3 moniha frcughoat e Wealmers pariod. aempis ahoukd
bs e 10 fachucn Lhe dota 10 the mnsum ellactve levael or svan ki dmconnus i ongg.

HOW SUPPLICD
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27 e on e 600 od wda)
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Ursl Dose (bisier pack}

Bax ol 100 {xrps ol 15) HOG SAMT-27-32

Sumpies, whan yradable, s ideniiad by he ward SAMPLE appsarng ah sach tabisl
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Suspenion 100 maS a L spoon) — yebon-orange. dna-vanla Rivasd
Boles of 450 ML NOC 5888701978

Shake wall bekee using.
Do nat sxxe above 85° F.
Oopense in bghl ighiressiant conane (USP.
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Clinical Pharmacokinetics and Pharmacological
Effects of Carbamazepine and Carbamazepine-
10,11-Epoxide '

An update

Leif Bertilsson and Torbjorn Tomson

Depaniment of Clinical Pharmacology, Karolinska Institute, Huddinge Hospital,
Huddinge. and Department of Neurology, Karolinska Institute, Soder Hospital,
Stockholm

Summary

Carbamazepine is a first-line drug in the treatment of most forms of epilepsy and also
the drug of first choice in trigeminal newralgia. Furthermore, it is now frequently used tn
bipolar depression.

Most oral formulations of carbamazepine are well absorbed with high bioavailability.
The drug is 75% bound 10 plasma proteins. The degree of protein binding shows little
wariation between different subjects. and there is no need 10 monitor free rather than ol
plasma concentrations.

Carbamazepine is metabolised in the liver by oxidation before excretion in the urine.
A major maabc'iie 15 carbamasepine 10,1 l-epoxide which is furcher megbalised by Ay

-, dration before excretion. This epoxide-diol pathway is induced during long term trearmens
* wukcarbamazepine. Co-inedication with phemytoin or phenobarbitone further induces this

maabolic pathway. Some bus not all studies indicase an. increased metabolism of cart-
amazepine during pregnancy. The drug crosses the placenta.-and the newborns who are
exposed 10 the drug during fetal life eiirminate the drug reedily after birth, There seerns
{0 be no probiem io nurse children during treatment with carbamazepine. Meabolism of
carbamazepine s comparable in children and odults. 5

Several studies have tned 10 esiablish a relgtionship beiween plasma carbamazepine
and clinical effect in epilepsy. but very few of these are controlied, The best anticonvultent
effect seems to be obtained at plasma concentrations of 15 10 40 umol/L and a similar
optimal plasma coscentration range was found in a controlled study in trigeminal newr-
alpa. Side effects are more frequent ai hugher plasma concenirations bwt are also seen
within that range. In some patierus, with pronounced fluctuation of plasma concentrarions
duning the dosage intervai, side efects may be avoided by more frequery dosing.

Carbamazepine-10.11-epoxide 1sa potent amiconwisant in animal models. During
lrearment with carbamazepine the plasrra concentrations of this metabolite are wually
10 10 30% of those of the parent drug. It has not been possible 1o establish the relative
contributton of the two compounds 1o the pharmacological éffects. The epoxide has there-
Jore been given to humans with the aim of determining the relative potency of the parent
drug and us merabolite. Afier single oral doses of carbamazepine-10,1 1-epoxide 10 healthy
subjects, the compound was rapidly gbsorbed. As @ mean of 90% of the given dase was
recovered in unine a5 wrns-10.11-dikpdroxy- 10, | I-dikpdro-carbamarepine, a complae ad-
sorpiton of unchanged epoxide was shown. The mean plasma half-life of unchanged epax-
ide was 6.1 hours with a mean volume of distribution of 0.74 L/kg.




Clinical Pharmacoksnciics of Carbamazepine and its Epoxide Mciabolite

Six patients with ingeminal neuraigia had therr optimal carbamazepine dose +
with carbamazepine-10.11-epoxide for 3 10 6 days. The study wat single-blind and
controlled. When carbamazepine and the epoxide were given in similar doses, ¢
conirol was comparable. The results show that during carbamazepine therapy, t
tr3bution of the epoxide 10 the effect is considerable. No side effect was seen dw
epoxide therapy. Further studies on the gffect of carbamazepine-10.1 1-epoxide a.
tration in epilepsy are indicated.

Carbamazepine (CBZ) is one of the mnst im-
portant antiepileptic drugs and its clinical phar-
macokinetics have been reviewed in the Journal
(Bentilsson 1978). Siace then the therapeutic indi-
cations for the drug have been broadened to in-
clude not only epilepsy and trigeminal neuralgia,
but also bipolar depression (Post ¢t al. 1984), ex-
cited psychosis (Klein et al. 1984), and alcobol
withdrawal syndrome (Ritola & Malinen 1981).
Dunng the last few years considerably more know-
ledge has been gained about the metabolism of
carbamazepine and the clinical pharmacokinetics
of its active metabolite, carbamazepine-10,1]-
epoxide (CBZ-E). These recent studies (1978-1985)
will be discussed in this updated review.

1. Analytical Methods

Simple but accuratc immunotechniques
(EMIT®, TDX®) have been developed for the rou-
ine monitoring of carbamazepine in plasma. These
methods are specific for carbamazepine, judging
from comparisons with methods based on gas
chromatography and high performance liquid
chromatography (HPLC) [Bertilsson & Rane 1980;
Meijer et al. 1983]. As CBZ-E has much lower af-
finiry than carbamazepine 1o the antibody used in
EMIT, CBZ-E in plasma does tot interfere in the
determination of the parent drug (Monzco & Pi-
redda 1980). The free plasma concentrations of
carbamazepine measured by EMIT may, however,
be overestimated by 35%, because of the higher
concentrauons of CBZ-E compared 10 carbamaz-
epine in free than in the total plasma levels. Meijer
etal. {1983) cammented on the development of the
many :.amunomethods: ‘Future competition be-
I-cen immunotechniques will be less interesting
with regard 1o analytical quality (which needs little

improvement) or practicability than with ¢
Lo economy (cost of calibration, price of reag
To determine CBZ-E in plasma, HPLC see
be the method of choice. Since the first
was published (Eichelbaum & Bertilsson
scveral modifications have been reportec
MacKichan (1980) and Kumps (1984).

2. Pharmacokinetics of Carbamazepir
in Adults
2.1 Absorption

After a single oral dose of carbamazepine a
gretol', the absorption is slow with peak p
concentralions occusming as late as 24 hours
drug intake (see Bertilsson 1978). In certain pa
it seems important to reduce the fluctuations
drug during the dosage interval (sec sectior
and a slow absorption seems to be of advant:
such patients. Hooper et al. (1935) have show:
the ‘Tegretol’ tablet and syrup were equali:
available, but the absorption from the syru;
fasier and gave higher maximum plasma co
trations of carbamazepine. Neuvonen (1985)
pared three different brands of carbamazepin
lets registered in Finland (‘Tegretol’, Ciba<(
*Neurotol’, Farmos; *‘Temporol’, Orion). Altt
they had an equal bicavailability, the ‘Ney
ablet was absorbed faster and gave higher
plasma concentrations than the two other pr
auons. ‘Neurotol' also gave more pronounce
cffects (dizziness, ataxia) than the other two b:
of carbamazepice. Compared to ‘Tegretol'
*Temporol' the dissolution of the ‘Neurotol’ 1
in vitro was more rapid, probably because ¢
microcrystalline nature of this carbamaz
preparation {(Neuvonen 1985).

The good absorption of the tblets with a
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dissolution {(Neuvonen 1985) suggests that the drug
can also be absorbed from the lower pant of the
intestine. This is also indicated by the swudy of
Neuvonen and Elonen (1980), who showed that oral
activated charcoal shortens the plasma climination
half.life of carbamazepine. This drug thus seems 10
have a significant enterchepatic or enteroenteric
circulation.

2.2 Distribution and Protein Binding

The anparent volume of distribution of carba-
mazepine assuming complete bicavailability is
about t L/kg as reported in most studies (see Ber-
tils;on 1978). The drug distributes into all tissues
and organs without any preferential affinity for
particular organs.

The plasma protein binding of carbamazepine
is 70 to 80% as determined by different echniques
(Bertilsson 1978). If the protein binding vanes be-
tween patients, unpound rather than total drug
concentrations in plasma ought to be better related
10 clinical effects. Ia contrast 1o phenytoin and val-
»+ 0ic acid, for exampie, the plasma protein binding
of carbamazepine shows very Little interindividual
variation {Berulsson 1978; Levy & Schmidt 1985;
Perucca 1984). Carbamazepine may be displaced
from its prote:n binding by valproic acid (Matison
¢t al. 1982), resulting in an increased free fraction
of carbamazepine.

In a few patients, free rather than total concen-
trations of carbamazepine may be better to moni-
tor, bui today th: routine moanitoniag of free
concentrations of carbamazepine seems o be un-
NeCcessary in most cases.

2.3 Plasma Concentrations of
Carbamauzepine and CBZ-E in
Relation to Carbamazepine Dos-

Hooper et al. (1974) found indications of a cur-
vilinear relationship berween plasma coacentrz-
tion and dose of carbamazepine. This suggested
dose-dependent kanetics similar to that reported for
phenytoin (Richens & Duniop 1975), i.e. an in-
crease of the dose causes a disproporuonately high

increase io the plasma concentraton. However, this
finding has pot been confimed. In contrast, Per-
ucca ¢t al. (1980) found a positive y-axis intercept
in some patients indicating that the degree of au-
toinduction and/or shsorption was dependent on
the dosage. In most of the patients, however, a
doubling of the dose caused a doubling of the
plasma coacentration (Perucsa et al. 1980). These
results are similar to ours, where we studied patients
with trigeminal neunlgia oo monotherapy with
carbamazepine (Tomson et al. 1980). Within cach
paticnt there was a positive relationship between
plasma concentration and dose of carbamazepine
(fig. 1). The relationship was quite different in the
different patients, but there was no indication of
dosc-dependent kinetics.

Kumps (1981) found a curvilinear relationship
berween carbamazepine concentration and dose in
a group of patients, where the dose was not varied
within the patients. As correctly pointed out by
Kumps, thiere may be several reasons for this, one
of which is that the dose is sclectively increased in
the patients developing a iow plasma concentra-
tion on a normal dose, 1t is thus difficult 10 draw

t
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any conclusions from populaton studics concern-
ing the relationship between conceatration and
dose.

The plasma concentrations of CBZ-E are (like
the parent drug) poorly correlated with the given
dose (see Bertilsson 1978). The plasma concentra-
tions of the metabolite and carban 3zepine are bet-
ter correlated, but there is a vaniation in the ratio
CBZ-E/carbamazepine between patients. This ratio
increases when paticnts are treated with phenytoin
and pheaobarbitone (Bertilsson 1978, Brodic et al.
1983; McKauge et al. 1981). Thess antiepileptic
drugs induce the epoxidaton of carbamazepine
(Eichelbaum ct al. 1985; sec section 2.4).

In patients with irigeminal neuralga on mono-
therapy with carbamazepine, there was a linear re-
lationship between plasma conceatrations of CB2-
E and carbamazepine (fig 2; data from Tomson et
al. 1980). A change in carbamazepine dose caused
a proportiopal chanrge in the plasma conceatra-
tions of both carbarnazepine and the epoxide. This
copsiaut ratio between the metabolite and the par-
ent drug is one of the reasons why it has beep im-
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Fig. 2 Aslabonsiup between sleady-Stels PISME CONCENTA-
tons o) CBI-E snd carbamaiapine dunng Tedtment of thge-
funai neW RIGIA with CarbamAaZeping 43 Monother3py: 7 panents
were tTaaled with differant dosas Qf CarbAmazeosrs (Gata from
Tomson et al. 1980).

possibls 10 evaluate the relative clinical effects
the two compounds during treatrnent with car
mazepine (sce scciion 4},

2.4 Mctabolism of Carbamazepine

The metabolism of carbamazepine has be
thoroughly investigated both in vitro and in v
(Eichelbaum et al. 1984, 1985, Lertratanangko
& Homing 1982; Tybring et al. 1981). The m.
important pathway is the formation of CBZ-E (
chelbaum et al. 1985). This primary metabolite
aimost completely converted to rrani-10,1 1-dil
droxy-10,11-dihydrocarbamazepine (frans-CB
diol) [fig. 3], which is excreted in the ufine mair
as the unconjugated form (Faigie & Feldmann 15t
Tomson et al. 1983). In a recent study (Eickelbay
et al. 1985), we found that in healthy subjects giv
a single orzl carbamazepine dose, 21.5 + 5.6%
the dosc was excrewed in urine as rrans-CBZ-d:
(table I). As sesn in table 1 the sum of 2- and
hydroxy-CBZ (2- and 3-OH-CBZ) and 9-hydrox
methy}-10-carbamoylacridan ($-OH-CBZ) cons
tutes sbout 15% of the given dose.

2.4.1 Auto- and Heteroinduction of

Metabolism

It is now well established that during long ter
therapy, carbamazepine induces its own metabs
ism (Bertilsson et a. 1980Y, Eichelbaum et al 197
Concomilant treatment with phepobarbitone
phenytoin further induces the metabolism (Chr
uansen & Dam 1973; Eichelbaum et al 1979, 198
In epileptic patients on monotherapy with casi
mazepine (group 2 in table [) and especially
patients treated with other anticonvulsants in a
dition to carbamazepine (group 3), there was ;
increase in the percentage of the carbamazepi:
dose excreted as (rans-CBZ-diol. The mean cles
ance of carbamazepine by the formation of trar
CBZ-diol in the 3 groups was 4.3, 14.5 and 5¢
mi/h/kg, respeciively (table T). This clearly sho:
that it is the cpoxide-diol pathszay that is induc:
dunng both auto- and beteroinduction (Eich:
baum ¢t al. 1985). There arc indications that it
pot only the epoxidation but also the formation
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trans-CBZ-diol that is induced (Bourgeois & Wad,
1084a; Eichelbaum et al. 1985; Tybnag et al. 1981;
Wedlund et al. 1982).

Time Course of Autoinduction

We have studied the time course of the autoin-
duction of carbamazepine kinetics in 3 children
with a recently developed psychomotor epilepsy
{Bertlsson ct al. 1980). Tetradeutcrium-labelled
carbamazepine (CBZ-D,) was given as a single oral
dose before the maintenance therapy with Tegre-
101® tablets was started. On 3 occasions pant of the
regular carbamazepine dose was replaced by CBZ-

D.. As scen in figure 4 the clearance of the CBZ-
D, dose given on day 6 (second dosc of carba-
mazepine during maintenance therapy) was in-
creased compared 10 the initial CBZ-D, dose. The
clearance of CBZ-D, was doubled afier 21 to 36
days and was not further increased during the 5
months. when the last CBZ.D, dose was piven. The
auwinduction of carbamazepine metabolism is al-
ready apparent during the first dose of the drug and
seems 10 be complete during the first 3 to 5 weeks
of wertment. This finding corroborates the de-
crease tn plasma concentrations of carbamazepine
seen during the first few weeks of ueatment with
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Tabie . Disporiion of carbamazepina (CBZ) wn 3 groups of subwcts (mean = 50) [from Exhetbaum et al. 1985)

Group 10 Tep 2 Group ¥

Cumulative unnary sxcragon of matabolites (% of oral CBZ doss!

CBI.E i1+ 05 t&5 e 04 11 x 02

trans-CBT-giol 215 = 58 2865 = 29 499 =12

2-0H-CB2 8.2 = 24 24 = 08 A1 = 21

3-OH-CBZ 58 = 1.7 a0 = 1.1 42 = 313

9-0H.CBZ 45 = 12 84 =26 48 =15

Towl 392 z 98 416 x 41 $52272
Haltdils of CBZ () 26.2 = 6.1 123 = 08 12213
Puasma cisarancs of CBZ {mim/xg) 198 = 27 548 = 6.7 13 = N4
Clearance of CBZ by the formaton of 43 =213 145 = 27 586 = 285

1rans-CBZ -Gl (Mim/Kg)

& Haanhy subjects (n = §) after a amgle 200mg CBZ dose.
b Epdeptc patunis reated with CBZ as monothetapy (n = 4).

¢ Epdeptic patents treated with CBZ i combinabon with other anoconvuisants (n = 5).

the drug (Eichelbaum et al. 1975; Pynnonen et al.
1980).

The time course of the autoinduction has been
studied in 2 chronic alcoholics who were treated

CBI-D, clesrance (L/kgm}

————r o ls -
(] 10 20 30 40 0 160
Turie (days)

Fig. 4. Puasmys clearsnce ol tersdeutsrum-labelied carbamal-
00ina (CHZ-0.). whan grvan as & 3D Oral Jose belore and a1
diflarent tmes dunng MANISNANCE CATDAMAIEOW TEAIMSN! 1N
J chuidran with recently discoversd spispay. Multils JOsiNg was
slaned on day 5 (from Bermiason et ai. 19801

for withdrawal symptoms with carbamazep
(Bertilsson et al. 1986). Upon admission to !
clinic a single dose of 300mg each of carbama:
pine and CBZ-D, in suspension (fig. 5) was
ministered. Carbamazepine was then given ic
dose of 200mg X 3 for 5 days, which was follow
by a single 300mg dose after the last dose of t
maintecance treatment. As seen in figure 5 the
sults from the 2 patients are very similar to |
post-steady-statc half-life of carbamazepine |
hours in both patients). One week after stopp
the treatment, the half-lives of carbamazepine wt
much longer (46 and 45 hours). These results
dicate that the patients are induced already dur
the climination of the initial CBZ-D, dose.

This early induction was most probably caus
by carbamazepine itself rather than by the inu
of alcobol because the pharmacokinetics of ca
amarepine ars similar in alcoholics and healt
subjects (Pytndnen et al. 1978). The disappearar
of autoinduction was alo rapid, as secen by !
doubling of the half-life during the week of uc
treaiment

2.5 Pharmacokinetic Drug Interaction.,

Recent papers (Haasten 1985; Kurt 1984; P
ucca 1982) review. interactions with aatiepilep
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drugs. and this will therefore be only briefly dis-
cussed here. Treatmeat with pheoytoin aod/or
phenobarbilone increases the metabolism of carb-
amazepine (Eichelbaum et al. 1979, 1985; Perucca
& Richens 1980) (see also sectian 2.4). Carta-
mazepine 13 an earyme inducer causing increased
metabolism of itself (sce section 2.4) and of other

drugs, ¢.g jonazepam (Lai et al. 1978), ethosux-
imide (Warren et al. 1980), doxycycline (Pen.tilz
et al. 1974), onal contraceptives (Hempel & Klinge:
1976) and phenytoin and warfarin (Hansen et al
1971). The effect of carbamazepine on phenytou
plasma couccatrations varies among patients
Carbamazepine seems 10 have a dual action, i.¢
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enzyme inhibition and induction, and the relative
importance between them may vary beiween dif-
ferent subjects. Ziellinski et al. (1985) showed that
carbamazepine added to phenytoin treatment in-
creascd the plasma concentrations of phenytoin in
30% of the patients, causing acute toxicity in 20%.
Carbamazepine decreases plasma concentrations of
haloperidol during combination treatment (Jann et
al. 1985; Kudron et al. 1985).

Several drugs have been shown to inhibit the
metabolism of carbamazepine, ¢.g. propoxyphene
(Dam & Chnistiansen 1977). Isoniazid (Valsalen &
Cooper 1982, Wright et al. 1982) and the antibi-
otics triacetyloleandomycin (Mesdjian et al. 1980)
and erythromycin (Hedrick et al. 1983) caused in-
creased plasma concentrations of carbamazepine
leading 10 intoxications. Cimetidine, a well-known
inhibitor of drug metabolism, does not seem to have
any effect on stzady-siate plasma concentrations of
carbamazepine (Levine et al. 1985 Sonne et al.
1983).

Carbamazepine and valproic acid are frequently
used in combination. Valproic acid seems to in-
crease plasma concentrations of CBZ-E buw wuot
carbamazepine (McKauge et al. 1981, This is
probably due 10 an inhibition of the elimination of
CBZ-E (Levy et al, 1984). The amide derivative of
valproic acid (i.e. valpromide, which is registered
in some European countries) increased the plasma
concentrations of carbamazepine epoxide but bad
no effect on the parent drug, carbamazepine (Mei-
jer et al. 1984). Subsequently we showed that val-
promide bui not valproic acid is an inhibitor of
epoxide hydrolase (Pacifici et al. 1985). This en-
zyme is responsible for the major part of the me-
tabolism of CBZ-E (Tomson et al. 1983).

2.6 Pharmacokinetics of Carbamazepine
Dunng Pregnancy

Nau and collaborators (1982) have reviewed the
liierature on anticonvulsants during pregnancy and
lactation. In some studies (Bardy 1981; Dam et al.
1979; Froescher et al. 1981) a decreased plasma
concentration of carbamazepine has been found
duning pregnancy. An increased plasma rauo of

CBZ-E/CBZ (Dam et al. 1979) indicgtes that
i4 due to an increased metabolism rather tha
other changes. Yerby et al. (1985) also foun
increased plasma CBZ-E/CBZ ratio during |
nancy. They showed that the plasma concentra
of trans-CBZ-dicl decreased and took this as
dence that the increased ratio is the result o
hibition of the ¢poxide hydrolase rather thar
increased epoxidation of carbamazepine. Bat
¢t al. (1985) found decreased carbamazepine pla
concentrations ang increased CBZ-E/CBZ ratio,
only during weeks 4 to 24 and not later du
pregnancy. Otani (1985) found an increased
parent serum clearance during pregnancy
pbenytoin, primidone, and valproic acid, but
change for carbamazepine.

Kuhnz et al. (1984) showed that the pro
binding of carbamazepine was the same in wor
al term as nop-preguant women. The protein bi
ing of CBZ-E was only slightly lower. In a 1.
study (Yerby et al. 1985) the mean free fracti
of carbamazepine and CBZ-E were found to be
evaled in pregnant women (0.25 and 0.50) o
pared with postpartum women (0.22 and 0.
These small changes do not necessitate meas:
ment of free fractions during pregnancy.

3. Pharmacokinetics of Carbamazepire
Newboras end Children
3.1 Newborns

Pynnénen et al. (1977) administered single d¢
of carbamazepine to pregnant women during we
12 10 16 of gestation prior to abortion. They fou
that fetal plasma concentrations of carbamazep
were 50 to 80% of maternal levels. Carbamazep
thus crosses the placenta to tke fetus. Piafsky :
Rape (1978) have shown in vitro that humaa &
liver during weeks 15 16 21 of gestation is able
metabolise carbamazepine to ~BZ-E.

We studied the disporition of transplacent:
transferred carbamazepine in S newbomns (Rane
al. 1975). The plasma concentrations of car
mazepine in the newbomns and their mothers w
comparabie at birth. We were surprised 1o find sh
plasma elimination half-lives of 8.2 t0 28.1 ho
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in these newborns. The metabolism of carbamaz-
epine was probably induced in the fetal liver as
they had been exposed to both carbamazepine and
phenytoin during the entire gestational time. To-
day we know that both these drugs induce the me-
tabolism of carbamazepine (sce section 2.4), but
this was not known in 1973 at the time of the in-
vestigation. Rey et al. (1979) found similar short
haif-lives of carbamazepine in neonates, who had
been exposed to carbamazepine {and phenobarbi-
tone) during pregnancy. Newbom children of
mothers treated with carbamazepine as inonother-
apy during the pregnancy bad a longer mean half-
life: 28 + 11 hours (o = 4) {Kuhnz ¢t al. 1983].

3.2 Transfer of Carbamazepine and CBZ-E
by Breast Milk

Pynnonen and Sillanpaa showed in 1975 that
both carbamazepine and the epoxide metlabolites
are transferred to breast milk. The ratio of the con-
centration in breast milk and in maternal plasma
is about 0.4 for carbamazepine (Froescher et al
1984; Kaneko et al. 1979, 1982; Kuhnz et al. 1983)
and about 0.5 for CBZ-F [Froescher et al. 1984;
Kuhnz et al. 1983). The doses of carbamazepine
given to the newborns during breast feeding are in
the range of 2 to Smg daily (Froescher et al. 1984).
These low doses were calcuiated 1o give carbam-
azepine plasma concentrations of about 4 umol/L.
This was the level of carbamazepine cbserved in
all cases by Kuhnz et al. (1983), except in | where
a maximum concentration of 20 umol/L (= 4.7 ug/
ml) was reached. Based on the available results
there is no reason to discourage a mother on carb-
amazepine monotherapy from nursing — according
to Froescher et al. (1984).

From the data presented (Froescher et al. 1984;
Kuhnz et al. 19383; Pynnonen & Sillanpid 1975) on
the concentrations of CBZ-E, the daily intake of
CBZ.E in the nursing infant should be maximally
1 to 2mg. This is a very low dose compared to the
doses of the epoxide that have been given to adult
healthy subjects (Tomson et al. 1983) and patients
(Tomson & Benilsson !984). However, CBZ-E is
unstable 10 gastnic yuice and decomposes 10 an un-

known compound (Tomson ¢t al. 1953) and wher
we administered the oral doses of CBZ-E an ant.

-acid was always given concomitantly to neu.alise

the gastric juice. It is thus not possible to predic
what will happen with CBZ-E in breast milk wher
it reaches the gastric juice in the stomach of the
pursed child. However, with our present expeni:
ence there seems 10 be no adverse effect of the
pursing

3.3 Pharmacokinetics in Chiidren

As shown in adults, there is also a poor corre-
farion berwe=n plasma concentrations and carba.
mazepine dose in different children (McKauge ei
al. 1981; Pynnénen et al. 1977, Rane et al. 1976).
The plasma concentration ratic of CBZ-E/CBZ
seems to be higher in children than in adults
(McKauge et al. 1981; Pynnonen et al. 1977; Rane
et al. 1976; Schoeman et al. 1984a,b). As in adults
this ratio is increased duning combined treatrnent
with other drugs. The phbarmacokinetic parameters
of carbamazepine disposition in children (Bertils-
son et al. 1980) are similar to those in adults,

4. Relationship Between Plasma
Concentration of Carbamazepine and
Clinical Effects

4.1 Touwal Plasma Concentration and
Climical Effects

Early repornts of carbam_.epine plasma concen-
trations in relation to anticpileptic effects were
based ou observations of palients on combined
antiepileptic drug therapy, often with intractable
scizures. The limitations of such studics are ob-
vious. During the past decade, however, a number
of studies repon plasma concentrations of carba-
mazepine in cpileptic patients receiving carba.
mazepine as monotherapy (table Il). Good seirure
control has been observed over a wide range o
plasma conceptrations. As an extreme cxample
Callaghan et al. {1978) reported plasma concentra
uons from zero to 84 umol/L in seizure-fret
paticnts. In general, plasma concentrations o
patients with poor seizure control have not differec
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significantly from concentrations observed in
patients with good response.

These rather ambiguous results may be ex-
plained by methodological shoricomings, Many re-
ports are double-blind studies comparing the anti-
epileptic effect of carbamazepine with that of
phenytoin, clonazepam or valproate (Callaghar et
al. 1985; Mikkeisen et al. 198]1; Ramsay et al. 1983;
Simonsen et al. 1976; Troupin et al. 1977). These
studies have not been designed with the primary
aim of investigating the plasma concentration-ef-
tect relationship. Therapeutic ranges have some-
times been defined in advance (Simonsen et al.
1976).

Most studies have compared plasma concentra-
tions in groups of patients with good seizure con-
trol with those of patients with poor therapeutic
outcome. When trying 10 establish a therapeutic
range, it is cssential 10 study each individual patient
at different plasma concentrations. It is remarkable
that such data are available in only one study
(Shorvon et al. 1980). In this investigation 46 newly
diagnosed patienis with epilepsy were treated with
carbamazepine as monotherapy. Five patienis were
uncoatrolled at plasma concentrations below 17
smol/L but became seizure-free when the dose was
adjusted to reach the assumed therapeutic range of
17 10 34 umol/L. Ten of the patients were seizure-
free with plasma concentrations below 17 umol/L.
26 patients had from the beginning of therapy con-
centrations within the range of 17 10 34 umol/L;
20 of these were seizure free,

The study of Shorvon et al. (1980}, like others
(Callaghan et al. 1985; Mikkelseo et al. 1981; Ram-
say et al. 1983; Sillanpii et al. 1979; Strandjord &
Johannessen 1980), comprised newly diagnosed,
previously untreated patients. Seizure control at
fower plasma concentrations appears to be more
common in this patien! category. At the other ex-
treme, Lesser et al. (1984) selected patients with
intractable seizures. In their matenal, seizure con-
trol was obtained at plasma concentrations be-
tween 4] and 48 umol/L. It may thus well be that
the therapeutic range vanes with the severity of the
epileptic process. and that differences in patient se-
lection may in pan explain the somewhat diverg-

10g results in different studies (Lesser et al. 198
Rapeport 1985; Schmidt & Haenel 1984).

The therapeutic effect in trigeminal peuralg
may be assessed after short observation periods.
was therefore possible to study each of 7 patien
with trigeminal neuralgia on 3 different dose leve
of carbamazepine (Tomson et al. 1980), Optim
pain control was achieved at 24 to 43 umol/L. Po
and co-workers (1983) studied 18 affectively :
patients treated with carbamazepine as monothe
apy. They found no comelation between plasnm
concentrations of carbamazepine and cliniczl ¢
fects.

The relationship between side effects and tot
plasma concentrations of carbamazepine in patien
on monotherapy has been studied by a number .
authors. Troupin et al. (1977) were unable to fir .
any clearcut relatonship; side effects appeared ov-
a broad range of plasma concentrations (8 to
xmol/L). Also Callaghan et al. (1978) concluded th.
side effects were associated with a range of seru
coaceatrations. Strandjord and Johannessen (1981
reporied side effects in 3 of 62 patients at piasm
concentrations of 31 to 4! umol/L. Ramsey et 2
(1983) noted mild sedation at concentrations e.
ceeding 35 umol/L and diplopia and blurred visic
with levels greater than 47 pmol/L. Callaghan .
. {"9835) in a prospecuve double-blind study cou;
not actect any correlation between side effects an
serum blood coacentrations,

Side effects at low plasma drug concentratior
appear to be more frequently reported in patien
on combined antiepileptic drug therapy. Thus, Ku
ct al. (1975) observed blurred vision, nystagmi
and disturbances in coordination when blood co:
centrations approached values greater than |
gmol/L in patients given also phenytoin, phent
barbitone or primidone in high, near toxic, dose
Tomson (1984) nowed dirziness in a patient ¢
anticpileptic polytherapy as plasma concentratior
exceeded 17 amol/L.

4.2 Free Plasma Concentration and
Clinical Effects

Oaly a few studies have auempied to correla
free plasma coacentrations of carbamazepine wi

-~
o~
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Tabie tl. Plasma concentralions And ssizure control m pabents on MONOtherapy with carbamazepine

Relerences No.  Patient charactenstcs Data presented  Plasma conc. Plasma conc. in
of from more than in good pOOr reSpONCers
pat.  Saura type severty of spdeDSY 1 pigsma responders Lmolft)
wals megsurament {umol/L)

per pabent

Simonssn et al. 26 Psychomotor Majonty praviously  No 25-42 (Cosas ware

{1978) reaed chosan n
advance o obtan
& CENAIn plasma
CONC. FANge.
Separate leveis
for responders
and non-
responders not
grven)

Troupsn at al. 47 Partial with or without Al previously No 3-51 Not gitferent from

{1977) generalisaton treated coNcs. in good

responders

Catiaghan et al.. 28 Compiex parusl and  Majoity previously  No 0-84 3116

(1978) generalised reated

Sato et al. 27 Parual wath or withoul NOL suated No 0-85 1548

(1979) generalsavon

Swanpaa st al. 19 Panal with or without  Majon:sy newty No Maan 17.5 Mean 14.4 _

(1979; gena:aksabon alagnosed, -

previousty untraated

Shorvon gt ai. 46 Parbal and Newly diagnosed In 5/46 pahents 17-M {Optimum cong.

{19680) ganaraksed praviously untreatad range celined

agvancs to obtan
a certn plasma
conc. range)

Swrandiord & 62 Parual ang grand mal 24 newly diagnosed No 1351 20-42

Johannessen 33 previousty

{1980) ireated

Mikkelsen o2 ai. 14 £sychomotor Nawly dagnosed No 1640 (Responders as

{1981) preaviously untreated well a3 non-

raspongers)

Rarmsay et ai. B Parual and Newly Guagnosed No 20-27 Mean 41

{1983) generaused Dreviousty unireaied

Letser ot 3l 19 Parnal and InTacabie saues NG 148 v-58

{1984 generaksed

Schmugt § 1 Partigl and Only patentt who  NoO 20-40 Non-rasporgers

Haane! (1964) generahsec DECAME ISLIUA wxcluosd

free

Calagnan et al. 28 Parval ana Nawty diagnosad KXo 28 =10 MU=

oreviously untrasted i{mean = S0)

{1985}

Qearalsed
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antiepileptic effect. Lesser et al. (1984) studied {9
patients with intractable seizures. With high doses
of carbamazepine in monotherapy 7 patients ex-
pericnced a reduction of the seizure frequency of
al least 83%, This was achieved at free plasma con-
centrations of 4 10 13 umol/L. These concentra-
tions did not differ from those obtained ip patieats
who did not respond to therapy. Funthermore, the
range of total plasma concentrations in the suc-
cessfully treated patients was 41 to 53 umol/L, ic.
more narrow than the free plasma concentration
range. Troupin et al. (1977) analysed carbamaze-
pine concentrations in saliva and concluded that
no apparent difference could be discerned berween
palent groups baving improved seizure frequency
and those who did not.

In patients on high doses of carbamazepine
Lesser et al. (1984) found a broad overian between
toxic and non-toxic free plasma concertrations of
carbamazepine; free concentrations associated with
side effects ranged from 5.9 to 12.7 umol/1, whereas
the group of patients without side effects had free
plasma conczotrations between 6.5 and 13.1 gmol/
L. Total plasma concentrations for the respective
groups were 30 10 52 ymol/L and 40 to 73 uinol/
L. Riva et al. (1984), in contrast, found a good cor-
relaticn between free as well as total plasma con-
centrations of carbamazepine and dose-related side
effects in 5 epileptic patients all receiving carba-
mazepine in combination wiath poenobarbitone.
Blood samples were drawn and side effects as-
sessed every hour during a dosage interval. Side
cffects were associated with free coucentralions
above 6 umol/L or towl carbamazepine levels of
30 umol/L. They concluded thai total concentra-
uons gave a sufficiently accurate estimate of clinical
response. Wheeler et al. (1982) reported a case with
intermitient nystagmus and ataxia during the peak
concentration of carbamazepine. They stated that
the clinical symptoms were indeed more closely re-
lated to the unbound fraction of the drug occurring
with concentrations above 1! umol/L {1otal con-
centration 63 umol/L), The data presented in the
repori, however, lend little support to their con-
¢lusion.

In conclusion. gsod seizure control has been

achieved at plasma concentrations over a v
range. It bas generally not been possible to sepa
this range from plasma concentrations founc
patients with poor therapeutic outcome, Howe
very few systematic attempts have been mads
investigate the effects of different plasma con
trations within one individual, There is also a ¢
siderable overlap between the range of therape
plasma concentrations and the concentrations 1
have been associated with side effects. Monito
free instead of total plasma concentrations of ¢
amazepine has, as yet, not proved advantageo

4.3 Dosage Regimen and Clinical Effects

From single-dose data it could be anticipa
that a twice daily dosing regimen of carbamazep
would suffice. However, induction of the met
olism of carbamazepine during maintena
therapy, especially when taken in combination »
phenytoin, phenobarbitone or primidone, vie
shont plasma carbamazepine halflives. Cor
quently, considerable interdosage fluctuations
plasina concentrations have been observed dur
a twice daily regimen (Dam & Christiansen 19
Johanpessen et al, 1977, Schneider & Stenzel 197
Paxton et al. (1983) found pronounced fluctuad:
(32 to 100%) also in salivary carbamazrepine ¢
centraticas in children receiving carbamazepine
monotherapy twice daily. Hoppener ct al (19
studied 43 patients on carbamazepine in comt
ation with other anticonvulsants and |9 patie
on carbamazepine alone, all given carbamazep
3 times daily. All patients suffered from intern
tent side effects that were not correlated with tron
plasma concentrations of carbamazepine. In:
dosage fluctuations from the average plasma ¢
centration ipn the group on combination ther:
were 68.5 = 21.2% and in the patients on mo.
therapy 32.5 = 10.9%. The occurrence of ride
fects coincided in time with the peak plasma ~
centrations. Side effects disappeared when
dosicg schedule was adjusted in such a way t
plasma concentrations did not eaceed 34 umol
The observation of the correlation between diur
fluctuations in plasma concentrations of card:

I&:
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azepine and intermitient side effects has been cor-
roborated by others (Blennow 1983; Neuvonen
1985; Riva et al. 1984; Tomson 1984; Wheeler et
al. 1982) [Og. 6). Riva and colleagues (1984) no-
ticed side effects when plasma concentrations dur-
ing the dosage interval exceeded 30 umol/L. Tom-
son (1984) found a good within-patient correlation
between side effects and plasma conccotrations ob-
tained bourly dunng the dosage interval. The
threshold at which side effects appeared, however,
showed marked interindividual vanability (17 w
50 umol/L). Lesser et al. {1984) reported a case in
which adverse effects appeared to be related 1o in-
cremental concentration changes rather than the
concentration itself. It is (with the present docu-
mentation) surprising that Ghose et al. (1983) were
unablie to observe any significant differences in ad-
verse effects and seizure frequency, when a group
of patients with epilepsy, during different periods,
were given carbamazepine ic 3 times daily, twice
and once daily regimens. Sample size and patient
s¢lection may serve as an cxplanation.

The importance of diurnal fluctuations for side
effects is well established but their importance for
therapeutic effects is very little studied. In trige-
minal necuralgia, however, there seems 10 be a cor-
relation between diurnal fluctuations and the pain-
relieving effect (Tomson & Ekbom 1981). It does
appear justified 10 use 2 3 or 4 umes daly regimen
in patients wvath highly ioduced metabolism, i.c. in
particular patients on combination therapy with
phenytoin, phenobarbitone or primidone. Altermn.
atvely, slow release formulations of carbamaze-
pire may prove advanlagecus.

5. Carbamazepine-10,11-Epoxide
(CBZ-E)
5.1 Effects of CBZ-E

5.1.1 Toxicity -

The fact that epoxides, other than CBZ-E, have
veen considered respobsible for toxic effects like
carcinogenesis, ieratogenesis and mutagencsis has
caused concern about the toxic effects of CBZ-E.
This has been studied by Frigeno and Mor«<ll
(1975). The LDso of CBZ-E was similar 1o that of
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carbamazepine. The cytotoxic effects of CBZ-E in
vitro on 3 ditferent strains of human cells were also
studied and neither CBZ-E nor carbamazepine we,e
toxic at concentrations of 4.2 10 42 umol/L. A1
higher concentrations, CBZ-E was, if anythipe, less
toxic than carbamazepine. Both CBZ-E anc carb-
amazepine have been shown to be negative in the
Amoes test (Glatt et al. 1975). CBZ-E does not react
with the nucleophilic agent NBP which indicates
that it has no alkylating properties (Braun et al.
1982). Konigstein et al. (1984) found that neither
carbamazepine nor CBZ-E had the ability to in-
duce sister chromatid exchanges nor structural ab-
berations in the chromosomes of buman peni-
pheral lymphocytes in vitro, in tests of mutagenic
drug properties.

5.1.2 Anticonvulsant Effects ot “BZ-E in

Animal Models

The anticonvulsant effect of CBZ-E has been
tested in variocus animal models. CBZ-E was found
to have a potency comparable to that of carba-
mazepiné in clectrosheck, strychnine- and
pentylenetetrazole-induced seizures in mice when
the two compounds were given orally (Frigerio &
Morseiti 1973). Furthermore, CBZ-E and carba-
mazepine were equipotent in the protection against
sccondarily generalised convulsions and partual
seizures in ihe ‘amygdala-kindled® rat (Albnght &
Bruni 1984). In this experiment the drugs were
given intraperitoneally.

Plasma concentrations oi carbamazepine and
CBZ-E were not determined in the above studies.
They therefore in fact compare the effects of CBZ-
E on the one hand and on the other carbamazepine
plus CBZ-E formed by metabolism from carba-
mazepine. Thus, the effect of carbamazepine treat-
ment in these expenments may partly be due to
CBZ.E. Faigle ¢t al. (1977) compared the ume
course of plasma concentrations of carbamazepine
and CBZ-E and the anticonvulsant activiiy in tae
rat. They found that carbamazepine possessed an
anticonvulsant ¢ffect of its own which, however,
was reinforced by CBZ-E. Bourgeois and Wad
{1984b) studied the protective effect of carbamaz-
epine and CBZ-E on maximal electroshock-in-

duced seizures and the neurotoxic sctivity of
two compeinds as determined by the Rotorod ¢
icily tes . hc experiments were performed in
who were given the drugs orally. The mice w
pretreated with an inhibitor of metabolism, S
525-A, 10 reduce the conversion of carbamazep
and CBZ-E to metabolites. Based on brain conc
trations, carbamazepine and CBZ-E were ab
equally neurotoxic, but carbarnazepine was
times more potent against maxiznal electrosho
induced seizures, yvielding a higher therapeutic
dex for carbamazepine. Animal data thus indic
that CBZ-E has an anticonvulsant effect comg
able to that of carbamazepine.

5.1.2 Effects of CBZ-Z Evaluated During

Carbamazepine Therapy in Patients

Several attempts bave been made 1o evalu
the contribution of CBZ-E 10 the clinical effe
during carbamazepine therapy in man Dur
monotherapy there is a rather close correlation
tween CBZ.E and carbamazepine concentratic
in plasma (see section 2.3). Hence, it has not bx
possible to distinguish between the effect of !
parent compound and the metabolite in epiler
patients treated with carbamazepine alone (Silli
pdi et al. 1979; Strandjord & Jobannessen 198
In patients treated with carbamazepine 2s mot
therapy for trigeminal neuralgia, stcady-state ¢
centrations of carbamazepine and CBZ-E w
equally well correlated with the pain relief (To
son et al. 1980). Schmidt et al. {1984) swudied
pain-relieving effect of single doses of carbama
pine gven io suspension to patients with tn
minal neuralgia. This procedure results in & u.
lag beiween the peak concentration of caroam
epine and that of CBZ-E. Maximal pain relief v
observed before thc peak concentration of CB:
and achieved at carbamazepine plasma concent
uons of 37 to 88 umol/1.. This is considerably hig
than the opumal range of 24 o 43 umol/L -
served at steady-state (Tomsor ¢t al. 1980). 1
discrepancy may indicate that higher carbama
pine concentrations are required when the CB:
concentrations are low, as afier singie doses. D
ct al. (1977) made a 1o1rospective analysis of
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patients with epilepsy, the majority on polyther-
apy. They found no corrclation between seizure
control and CBZ-E concentrations. Post etal. (1983)
found no correlation between antidepressant re-
sponse and plasma concentrations of carbamaze-
pine and CBZ-E nor between antidepressant re-
sponse and cerebrospinal fluid (CSF) concentrations
of carbamazepine. There was, however, a signiﬁ-
cant_correlation bctwecn CSF concentrationis of

CBZ-E and anudcpu-ssam responsc The results are

somewhat surprising since, in “this study as in
othcrs there was a correlation berween CSF and
p_l_asma concentrations of both carbamazepine and
geminal neuralgia found side effects to be more
clnsely correlated with plasma coacentrations of
carbamazepine than to those of CBZ.E. The same
observation ‘was made by Riva et al. (1984) in
patents with epilepsy. Side effects were not asso-
ciated with high epoxide concentrations in sérum
in the study of Strandjord and Johannessen (1980).

One way to distinguish between the effects of
the parent compound and metabolite may be to
study patients with extreme CBZ-E/CBZ plasma
concentration ratios. However, these are found al-
most exclusively under combinaiioa therapy with
drugs that interact with the metabolism of carba-
mazepine. Krimer et al. (1984) reponed 5 epileptic
patients on carbamazepine who were also given
danazol, a steroid hormone which inhibits the
epoxidation of carbamazepine. An improved ant-
convulsant ef::ct without disturbing side effects was
recorded when danazol was added. This indicated
that therapeutic effects are exened by carbamaze-
pine and side effects of carbamazepine therapy may
e duc to CBZ-E. Dextropropoxyphene also inhib-
ity lhe : epoxidation "of ca carbamazepine. This resulis
in mcmascd plasma concentrations of carbamaze-
pine and a concomilant fall in CBZ-E concentra-
tions. In contrast 1o the results in Krimer's report,
patients subject .o this inicracuon reported symp-
toms of carbamazepine intoxicaticn (Dam et al.
1980). This would infer thai carbamazepine is itself
the main source of side effects.

Meijer ¢i al. (1983) reported a marked increase
in CBZ-E concentrations when patients on carba-

mazepine changed their coaromitant medication’

from valproate to valpromide. Five of 7 pauents
exhibited syrrptoms typical of carbamazepine in-
toxication despile unchanged carbamarepine con-
cenirations. Mean CBZ-E concentrations were as
high as 36 umol/L at the time of intoxication. It is
noteworthy that these levels are several-fold higher
than the plasma concentrations needed for thera-

peutic response when CBZ-E is givea as such in
" trigeminal neuralgia. '

‘The inkerent problems of studies that attempt
to distinguish between the effect of carbamazepise
and CBZ-E during polytherapy are illustrated in the
study of Schoeman et al. (1984b). They postulate
that CBZ-E plays an important role in the produc-
tion of side effects dunng carbamazepine therapy
and tha: a concentration above 9 umol/L is more
often associated with side effects. Their conclu-
sions are based on observations of side effects in
14 of 90 epileptic children wrated with carbam-
azepine: 25 were on monotherapy; 2 of these had
side effects. There was no difference with respect
1o plasma CBZ-E concentratiops between patients
with or without side effects in this group. The re-
maining 12 patients with side effects had CBZ-E
plasma concentrations of about 9 kmol/L or mare.
They were all treated with various antiepileptic drug
combinations. Plasma concentrations of carbam-
azepine were in all but 3 patients 31 umol/L or
higher, i.e. concentrations oot seldom ceported in
patients with symptoms of intoxication even dur-
ing moootherapy. The ] paticnts with side effects
at low carbamazepine concentrations had poly-
therapy, each comprising 3 to 7 different anticon-
vuisants. To separate the contributions of the dif
ferent drugs in such 2 complex combination therapy
15 evidently very difficult: drug therapy was changed
in 5 of the 14 patienis; in | the discontinuation of
carbamazepine therapy resulted in improvement:
in 2, side effects disappeared when phenytoin was
discontioued; changes in concomitant vaiproate
therapy were followed by allerauons in side effecis
in 2. The changes in combination therapy also led
1o changes in CBZ-E concentrations, but whether
the side effects were du¢ 10 the concomitaat therapy
or CBZ-E as such is impossible 1o evaluate.
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Lindhout et al, (1984) reponied a high incidence
of malformations in infanist borm to mothers treated
with a combination of valproate, carbamazepine
and phenobarbitone during pregnancy. High CBZ-
E concentrations were found in this patient group
and it was speculated that the high CBZ-E concen-
trations were causative for the maiformations. The
high CBZ-E concentrations may, however, not be
teratogenic as such but rather an indication of a
decreased capacity of a hydrolase which also is re-
sponsible for the detoxification of reactive sub-
stances such as aromalic hydrocarbons (Pacifia et
al. 1985).

1t can thus be concluded that anempis to eval-
uate the clinical effects of CBZ-L during carba-
mazepine therapy in patients have led to coaflict-
ing results. It is evident that reliable evaluations of
the clinical effects of CBZ-E could be made only
afier the direet administration of this compound
10 palients.

5.1.4 Clinicel Effects of CBZ-E in Man

In a pharmacokineuc study CBZ-E was given as
single doses of 10 1o 200mg to healthy volunteers
(Tomson ct al. 1983). Peak plasma concentrations
up 10 16,5 mol/L were reached and no side effects
were recorded. The clinical effects of CBZ-E given
directy 10 patients have been evatuated in a pilot
study (Tomson & Bertilsson 1984). Six patients with
trigeminal neuralgia had their optimal carbamaz-
epine dose replaced by CBZ-E monotherapy for 3
to 6 days. Dosing was single-blind and the period
of CBZ-E therapy was preceded by a 2- to 4-day
period of placebo therapy to ensure that the neur-
algia was active, When carbamazepine and CBZ-E
were given in numilar doses, the pain control was
comparabie. On a plasma concentration basis, CBZ-
E had considerably higher pain-reheving polency
than carbamazepine, indicaung that dunng carb-
amazepine therapy the contribution of the metab-
olite to the effects is considerable (fig- 7). No side
effects were seen dunng CBZ-E therapy.

5.2 Pharmacokipetics of CBZ-F in Man

J.2.1 Single-Dose Kinetics in
Healthy Subjects

Absorption and Bioavailabiliry

CBZ-E decomposed in gastric juice with a
life of slightly under an hour when incubate
vitro a1 37°C (Tornson et al 1983). There have
hitherto only two studies in which CBZ-E has
administered directly to man (Tomsen et aL |
Tomson & Bertilsson 1984). In both, CBZ-E
given orally and the probiem with the instat
of the substance in acid was circumvented by u
ap antacid to neutralise the gastric juice at the
of CBZ-E administration. Four heaithy sub
each received 2 different single doses ranging |
10 10 200myz CBZ-E was given as & supensior
ing the sarm,  thicle as in “Tegretol’. The abs
tion was raj.. peak plasma concentration
reached within 1 1o 2 hours. 90 = 11% (mewns
SD) of the dose was recovered as the trans-C
diol metabolite in urine, indicating complete
sorption {tabie III).

Distribution and Protein Binding

The distribution of CBZ-E to CSF and brair
su¢ in man has been determined only duning ¢
amazepine therapy. Johannessen et al. (1976,
ported a CSF/plasma concentration ratio for €
E ranging from 0.26 to 0.70 (mean 0.49), Eic
baum et al. (1976) found & ratio of 0.45 i
patients. The findings of Schneider snd Beren;
{1977) were very similar 10 those of Johanne:
et al. (1976) with a rapge in the matio from 0.2
0.70 and a mean of 0.49. Pynndoen et al (1t
reportec 3 much wider range, 010 2.0 {(mean 0.
in 9 epilepuic children. The brtin/plasma ratio
been studied by Morselli et al. {(§977) who repo:
a ratio of 1.2 in ) pauents. Friis and Christiar
{1978) and Friis et al. (1978) found a matio of
in 2 children and 0.6 1o 1.5 in adult epileptics

Also the protein binding of CBZ-E has been
termined exclusively in patents dunng ca
mazepine therapy. These studies have been
viewed previously: a free fraction of about 50%




192
T
cs of CBZ-E in Man
tnetics in
availability
in gastric juice with a half-

in hour when incubated in
stal 1983). There have been
es in which CBZ-E has been
o man (Tomson et al. 1983,
1984). In both, CBZ-E was
roblem with the instability
| was circumvented by using
- the gastric juice at the time
1on. Four healthy subjects
at single doses ranging from
s given as a supension us-
s 1o “Tegretol’. The absorp-
plasma concentration was
t 0 = 11% (incan =
o d as the trans-CBZ-
1¢, °  ating complete ab-

otein Binding
-BZ-E 10 CSF and brain us-
stermined only during carb-
bannessen et al. (1976) re-
oncentration ratio for CBZ-
» 0.70 (mean 0.49). Eichel-
wnd a ratio of 0.45 o 2
of Schneider and Berenguer
ar to those of Johannessen
g¢ in the ratio from (.28 1o
49. Pynnonen et al. (1977)
range, 0 10 2.0 (mean 0.78),
The brain/plasma ratic has
Letal (1977 who reponed
nts. Friis and Chnistiansen
{1978) found a ratio of 1.0
2 1.5 i adult epileptics.
ding of CBZ-E bas been de-
in patients dunng carba-
v+ “tudies have been re-
oo of about 30% has

W CTY MM Tt 190 o R’ =t

Clinical Pharmacokinstics of Carbamazepine and 1ts Epoxide Metabolite 193

3

Plasma conc. (umioijL)

-
(-2

..-.-.-.._.,__.____.___.

Pain *~ote/hour
[

ceZ
4 X 150mg

Dose
(mg/dey)
-848

4 % T5mQ

Epoxite
4 x 150mg

CBZ 4 x 100mg

0 2 ¥ ¢
Tune {days)

8 10 12 14

Fig. 7. Pauent with moamunal Pl LigH N which CrDAMAZEpNe {CBZ) therapy was rsplaced by placebo and carbamazepne-10,11-
spoxica. Carbamazepina. carbamazapne-10.11-spoxxia, and placebo wers adrminstered 4 times daily (7am, noon, Spm and 10pm)
mamm\usgﬂvmmumwo!muammotwmhMWuMMMwﬂ
Pusma concantribions o! carbamazepuw (squares) and carbamazepine=10,1 1-6poxide (Circies) are indicad in 1Op panel = salic
Symbois 3how rough mormeng PlASMa leveis, Jpen symptoms snow Wrvels immeciately belore dosng at mSpmot 10pm. Pam
3COres dfe grven BS Maan pef hour JUNNg regIsirancn pernod of 7am 1o 10pm (cats from Tomaon & Bertisson 1984).

generally beea found (Bertilsson 1978). These early
resulis hzve been corraborztad by Riva et al (1984)
who found a range of the free fracuon from 28.5
10 55.2% (mean 43%). MacKichan et al. (1981) re-
ported a wider range in the free fraction. 16 1o 50%
(mean 32%). The binding of CBZ-E in serum is
largely accounted for by binding to albumin. CB2Z-
E binds less than carabamazepine 10 a -2cid-glyco-
protein (Conun ¢t al. 1985).

The apparent volume of distribution of CBZ-E
has been determined afier direct administration off
CBZ-E t0 bealthy subjects. [1 was found to be 0.59
10 0.92 L/kg (Tomsen et al. 1983).

Eliminauon Kinetits and Mewbolism

Previously reported climination halflives of
CBZ-E in plasma have been obuained dunng the
climination phase afler discontinuation of carba-

d
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mazepine therapy (Eichelbaum et al. 1975; Mor-
selli et al. 1975). These half-lives have been influ-
enced by the continuous formation of CBZ-E by
metabolism of carbamazepine. Under these cir-
cumstances the obtained CBZ-E balf-lives cannot
be shoner than those of carbamazepine. When
CBZ-E was given orally to healthy subjects (Tom-
son et al. 1983) the CBZ-E plasma concentrations
after reaching the peak declined monoexponen-
uzlly (fig. 8). Plasma half-lives ranged from 4.6 10
6.9 hours and plasma clearance from 64 10 136 ml/
kg/h (table IIl). There was oo indication of dose-
dependent elimination. CBZ-E was almosi com-
pletely metabolised before excretion in urine. There
was one prevailing pathway for this metabolism
since practically all of the given dose could be re-
covered as trans-CBZ-diol in unine. Urinary trans-
CBZ-diol excretion half-times were significantly
longer (10.7 to 13.5 hours) than plasma half-lives
of CBZ-E. Trans-CBZ-diol is about 50% protcin
bound (Schneider & Berewgucer 1977). Renal clear-
ance of the non-protein bound trans-CBZ-diol was
similar to the normal glomerular filtration rate
(Tomson et al. 1983).

5.2.2 Multiple Dosing of CBZ-E in Patients

Carbamazepine cpoxide was administered 4
ums daily (7 am, noon, 5 pm and 10 pm) in the
clinical study of paticnts with trigeniinal neuralgia
(Tomson & Bertilsson 1984) [sec secuon 5.1.4 and
fip. 7). In 2 patients, blood samples were drawn

Table Il Pnarmacokinatic data 1of ArDAMATSDWW-epONCe
(CBZ-E}  piasma and rrans-CBZ-Gi0l vi une after SINg Jral
dgoses of CBZ-E 1o haaithy subrects (gata trom Tomson el at.
1983

Pacrameter Mean = SO
CB2-E v plagma
tw (M) 61 £ 088
va (Lixg} 074 = 0.3
Clearance (mifwgn} 864 = 249
Trans.CBZ-giol th ynne
et 124 = 094
Recovery (% of CB2-E dose) 896 £ 106
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Fig. 8. Upper pami: plasma concentration of CBZ-E -
unnary excrenon of irans-CBZ-cuol (O) aler administr:
CB2Z:-E 200mQ 10 2 haaithy voiuntieel. Lower pansi: plasr
cantrabon of carbamazepuye (ll) and UNNAry SXCreton ¢
CBZ-thal (O} ahar annmwnistration of carbamazepne 20
the same subyect {trom Tomson et . 1963).

hourly during 2 dosage intervals (7 am 1o .
ta order to study interdosage fluctuations. P
concentrations of CBZ-E peaked 1 to 2 hour:
dose administration and peak concentrat,on:
1.85 10 3.04 (mean 2.41) times higher than 1
levels. All patients had becn on long term th
with carbamazepine immediately prior «
study. It may be that this induces not oaly th
wabolism of carbamazepine but also the me
istn of CBZ-E. The large fluctuations i
concentratons. despite frequent dosing, o«
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cate the evaluation of the clinical effects of CBZ-
E_ For future studics there i5 a need to develop an
enieric-coated slow release formulation of CBZ-E.

6. Conclusions

Phenytoin has for a long time been the drug of
choice in most s of epilepsy except petit mal.
The problems with the cutvilinear relationshup be-
tween dose and plasma concentration may be im-
proved by plasma concentration monitoring. Carb-
amazepine has dunng the last few years been shown
10 havs anticonvulsant properties similar to those
of phenytoin and the usage is steadily increasing.
Monitoring of plasma concentrations of carbam-
azepine is frequenty used today to guide therapy.
In our laboratory for therapeutic drug monitoring,
1658 analyses of phenytoin and 102 of carbamaz-
epine were requested during 1974; 10 years later
d ..z 1984 the comesponding figures were 1411
for phenytoin and 1415 for carbamazepine.

Compared with phenytoin, the therapeutic
pl»sma concentratioas of carbamazepine have not
beer well defined. Most studies, trying 10 establish
such a relationship, have compared plasma con-
centrations in groups of patents with good and poor
seizure control (table I1). It is, however, essenual
to study each individual at difierent plasma con-
centrations and only one such study bas been per-
formed in epilepsy (Shorvon ¢t al. 1980). The best
effect seems 1o be obtained at plasma carbamaze-
pine concentrations of 15 1o 40 xmol/L. A similar
optimal plasma concentration interval was ob-
tained in patients with trigeminal neuralgia “/nere
three different doses of carbamazepiue were given
10 cach patient {Tomson et al. 1980). Side effects
may occur within this "therapeutic range of plasma
Jevels’, but saem 10 be more frequent at higher drug
concentrations. {n some patients, especially those
treated with several anuepileptic drugs. there is a
pronounced vanauon in plasma conceatralions
dunng the dosage interval. Side effects may be
avoided by dividing the carbamazepine de - to b
of even 4 times a day.

The acuive meubolite of carbamazepune CBZ-E
1s 2 potent anticonvulsant 1n amimal models. and

it has a preaousced effect on buman pain in tn-
geminal neuralgia. In such paticnts this metabolite
seems to contribute (o the clinical effect of carba-
mazepine treatment. Similar studies in epilepsy
have not been performed but are planned to stant
in the near future with the aim of determining the
relative antiepileptic potency of both carbamaze-
vine and CBZ-E. It may be essential to take both
~ompounds into consideration in future studies on
the relationship between plasma concentrations and
clinica! effects.
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Review cf a Primary Efficacy (PK-PD) Study

The title of this study is "Anticonvulsants and pha:macokinetic effects of carbamazepine dosing
regimens in the monkey model,” performed by
neurologist) (anti-epileptic clinical pharmacologist and pharmacokineticist) at the

The objective of this experiment is to examine the effect of dosing rate on the anticonvulsant
behavior of carbamazepine in the monkey model of epilepsy. The sponsor wants to claim that
controlled-release carbamazepine is supericr. to conventional immediate release drug due to the
therapeutic benefit of reduced plasma drug concentration fluctuation. Therefore, the sponsor was
required to prove that reduced fluctuation results in better management of the disease. The
Division of Neuropharmacology decided that it was unnecessary to documen. the efficacy of
controlled-release carbamazepine (OKOS) in humans angd that this animal model could be used.
Hence, this study is the pivotal efficacy trial for this NDA.

The human pharmacokinetics portion of this NDA is important also however, in that the sponsor
must demonstrate reduced fluctuation with the Ok OS versus the conventional tablets. (See Dr
Atiq Rahman's review of the human pharmacokinetics.) Bioequivalence is not being sought at
this time, although the sponsor may be willing to settle for it at some point. In this case, the

sponsor could advertize that OROS is as good as or equjvalent to (not superior to) the
conventional tablets.

This review will cursurily review the adequacy of the animal model, and primarily focus on the
pharmacokinetic-pharmacodynamic component of the experiment, Fluctuation of plasma
concentrations in humacs is discussed in Dr Rahyman's review.

Animal model:

The animal used is Macaca fascicularis. Twelve male monkeys were made experimentally
epileptic by intracortical injection of aluminum hydroxide into the lefi pre- and post-central
gyrus during sterile craniotomy. Four months post-surgery, a stomach catheter and EEG
electrodes were surgically placed, followed by a two-week stabili~ation period.

There are significant problems with this animal model, which will be addressed in detail by the
medical reviewer. Basically, there is extreme variability in the severity of disease induced by
this surgical/chemial procedure; the mean seizure frequency per day at pre-study baseline varnied
from 0.5 to 21.4. Additionally, the model is very unstable. in that many (but not all) monkeys
improve tremendousiy over time (weeks), such that the baseline disease before and after the
experimental per,od are quite different: the mean seizure frequency per day at post-study
baseline varied from 0.0 to 17.4. The imprevement in disease between the baseline periods was
0.4 to 7.2 se1zures per day, representing a 10 to 420% improvement in seizure frequency.



Experimental design:

The six-week treatment period is composec. ~ *. - © vized Irassover two-week treatment
periods with no washout time between them. . - .8 vary in the dosing frequency of
carbamazepine: 2, 4, and 6 hours. 216 mg/kg/day «. vamazepine was delivered to each monkey
during all treatment days. The initial four days at each dusing frequency were allotted as the
adjustment period. The treatment period was preceeded by an auto-induction period of one
week; treatment was followed by a drug clearance pericd. Baseline disease activities were
measured before and after these induction and clearance periods.

Seizure monitoring was performed via 24-hour polygraph recording (slow speed) and cage
accelerometer monitoring (for motor activity).

4 Months Monkey Acquisiction & Quarancine \

4 Months Aluminum Hydroxide Injection
EEG Electrodes
Stomach Catheterization

Weeks 1-2 Baseline EEG Recording
Baseliie Seizure Recording
Laboratory Tests

Week 3 Auto-Induction Phase (18 mg/kg, q2h)
Blood Sampling
Toxicity Monitoring
Laboracery Tests

Weeks 4-9 Blood Sampling
EEG Recording !
Seizure Recording
Toxicity Meonitoring
Laboracory Tests

Veek 10 Drug clearance
tEC Recording
Seizure Recording
Wichdrawal Monitoring

Weeks 11-12 Post-Baseline EEG Recording
Post-Baseline Seizure Recording



Pharmacokinetics:

These parameters were measured or calculated during each treatment period:
average concentration (AUC/dosing interval)
Cmax (measured one hour post-dosing)
Cmin (trough)
elimination rate constant (k)
ratio of metabolite (carbamazepine 10,1 1-epoxide) to parent
for AUC, Cmin and Cmax
fluctuation ((Cmax - Cmin)/Cmean x 100)
AUC of the metabolite, parent in plasma: AUCm, AUCp
concentration of metabolite, parent in plasma: Cm, Cp

Mean concentrations are reported for each animal treatment, without individual values or
estimates of the variability associated with these numbers throughout the treatment.

There is no information regarding analytical methodology applied to the plasma samples.

—

There is no formal statistical analysis of the pharmacokinetic data.

Pharmacokinetic results:;

Below are the mean (of the mean) pharmacokinetic parameters calculated for individual monkeys
in this study, by dosing intervat (N=10, in general).

parameter
(mean * SD) units Q2 hour Q 4 hour Q6 hour
C mean ug/mi 1.14x05Z 177055 234085
C min ug/ml 1.10+£043 079+042 0.60+04?
C max ug/ml 2.0+ 0.67 4891104 694+245
k 1/hr 0.61£0.17 0622010 0.66+008
AUCn/AUCp 024£008 0221008 0.22+0.06
Cm / Cp min 0.22+008 022+0.08 0.23 +£0.08
Cm / Cp max 0.24+008 0241006 0.24 £0.05
% fluctuation 512+ 110 155355  236+39.0

The average plasma concentration (C mean) should be the same for these three treatments, but
they are not: treatments Q2 and Q6 are statistically different (p=0.0012, analysis of variance
with Bonferroni correction factor applied). Asaverage concentrations are not equivalent,
conclusions regarding comparative efficacy cannot be separated from administered dose

influences.
[ ]

()]




Cmin values should be different for the three treatments, as well. Only treatments Q2 and Q6
differed (p=0.001).

Cmax performed as expected, with statistica't: significant differences between treatments (Q2 vs '
Q4, p<0.001; Q2 vs Q6, p<0.001; Q4 vs Q6, p<0.003).

The cause of this observation i5 unknown. As the elimination rate constant and AUC (m/p) ratio
aic unchanged, this suggests that clearance was unchanged between treatments. Hence, the
possibility of sawiyablc clearance can be ruled out; the sponsor concluded that the reduced
average concestration jollowing J2 hovr dosing is a result of diminished absorption. There is no
justification provided for this hypothesis.

Pharmacodynamic results:

The following parameters were measured and analyzed:
mean seizure frequency per day
number of seizure free days
mean white cell counts
mean seizure duration
mean setzure amplitude
mean intenctal spikes per minute
seizures by time of day

As the discussion of the details regarding the pharmacodynamics requires extensive effort, and
since the pharmacokinetic problems in this study leave little oppo:tunity for significant
conclusions regardless of the dynamic results, dynamics wil! be discussed only briefly.

parameter pre-baseline QR 4 Q6 post-baseline
(mean + SD)

seizure frequency | 6.84 £6.76 4.43t4.16 4031400 4.36f431 457TE361
seizure-free days | 0.90+1.81 . 2.20+296 3204275 220+£292 320+3.60
whitecell counts | 12.47+198 9.04%£2.13 950192 996+3.10 1022+1.71
seizwre duration | 18.39+2.76 17.03+3.20 1809+£242 17.5+253 15.19+4.5
seizure amplitude | 18.83+11.11 22.89+13.64 24.08+10.53 22.71+11.56 33.73+8.33
interictal spikes 284+189 3192264 2.12+194 220+118 7.08+5.12

units are, respectively: seizures per day, days, cells/ml, minutes,
mm (14 mm = | minute), spikes per minute

There is no difference between any of the Q2, Q4, or Q6 parameters in this study (statistics not
provided in submission). Note the magnitude of the standard deviations relative to the mean
values (CV% near 100 in many cases).

As mentioned above, there is a significant difference between pre- and post-baseline parameters
{statistics not provided).



The sponsor concluded that what could be gathered from this study was that dynamic parameters
are no worse when dosing frequency is increased from every 6 to every 2 hours. This conclusion
was not the objective of the study, however.

It is significant to note that seizures were so severe in one animal that it was necessary to institute ..
anticonvulsant therapy before the study (pre-baseline).

Comments:

1. An incomplete study report was submitted by the sponsor, probably because of the
. reccsni‘on of the severity of the pharmacokinetic deficiencies (inability to assure equal daily
dose au:uinistration between treatments).

2. When an unexpected pharmacokinetic result occurs, as was the case with the apparent amount
of carbamazepine absorbed with the two-hour dosing interval treatment period, all possible
explanations shouid be considered and pursued. Clearance changes and reduced absorption were
briefly considered by the sponsor with only a few sentences devoted to the entire subject. There
was no literature search performed to attempt to support the conclusion.

3. Was the pharmacokinetics of carbamaxepine evér examined in this species ? £ so, this
information should have been included in the report.

4. Cmax concentrations were arbitrarily taken at one hour post dosing; there is no justification
for this design decision, yet Cmax is a very important parameter in this study of drug fluctuation.

5. The variability associated with the data accumulated in this study is too large to make
conclusions with any statistical significance.

6. This study of 10 monkey« may serve as a pilot study, upon which the design of future studies
may be based.

Deficiencies:

1. Mean pharmacokinetic parameter values are presented for each animal without individual
values or estimates of the variability associated with these numbers.

2. There is no information regarding the formulation, source or lot of carbamazepine used in this
study. It is not known whether the carbamazepine suspension administered to the animals was
commercially avatlable, or was compounded by the study investigators.

3. The data presented in this report is composed of results for 10 monkeys, yet 14 were prepared
surgically (12 with 2 substitutes). For some parameters, only 7 are reported, meaning that almost
half of the data for this parameter is missing. There is occasionally an explanation for why one
monkey's data is missing, but never a justification beyond this level. When asked for the missing
data, the sponsor responded with xeroxed pages from lab notebooks, which is hardly an adequate
Tespons.



4. There is no introduction in the study report which outlines studies or even addresses the
pivotal question of the effizacy of varied dosing regim=ns of anti-epiieptics (effect of different
concentration fluctuations). One would expect some discussion to accompany this data, along
with experimental findings and literature reports, if they exist. If none exist, there should be
statements reflecting this fact and a theoretical discussion should replace it.

5. There is 1i0 discussion of additional possible explanations for the reduced concentrations in
the two-hour dosing interval treatment arin; the sponsor chould consider the following:

a. what was the carbamazepine suspension measuring device used in these experiments ?
could there have been a "dead space” such that an incomplete delivery of the measured dose
occurred ?

b. could there have been measurement method problems ? i.e., was there adequate
training of the technicians who administered the drug to verify that the correct measuring
technique was used ?

c. was the suspension used for all treatment periods the sgame product ?

d. what type of verification was there that all of the two-hour doses were administered
( 1j ? i.e., can it be proven that all doses were administered throzghout the night, for
instance ? -

6. There is no presentation of analytical methodology applied to the plasma samples obtained in
this study.

7. There is no statistical component associated with this package.

Recomumendations:

Regardless of the problems with the stability and inter-subject vanability associated with the
disease model, pharmacokinetic problems ase severe enough to render this study unacceptable.

The objective of this study was to exzmine the effect of varied dosing intervals (of the same daily
dose) on efficacy. As it is clear from plasma concentrations that insufficient carbamazepine was
absorbed {or given) to the animals in the two-hour dosing interval arm, comparative analyses
between treatment arms is not possible. Therefore, conclusions cannot be made regarding the
effect of reduced concentration fluctuation on seizure suppression in this model.



If the sponsor chooses to further pursue this NDA and this type of efficacy study, they should
consult with FDA prior to initiating another study. This study may serve as a pilot study, upon
which the design of future studies may be based. If this model is to be used in the future,
consideration of control animals (no drug) should be considered. It is essential that the cause of
the apparently reduced absorption in the Q2 arm be further investigated. The inclusion of an
intravenous infusion would be an important treatment to consider.

The comments, deficiencies and recommendations should be forwarded to the sponsor.

YL

Victoria Hale, PhD
Pharmacokineticist

Draft reviewed by N Fleischer, PhD, 5/14/93
Final reviewed by N Fleischer, PhD . %-..Q._ /%/ R -

cc:  NDA 20,234 (original)
HFD/426: drug, reviewer, Rahman, Fleischer, Ludden, PK-PD file
HFD/120:
HFD/340: Vish
F/T: 6/193




Supervisory Commenis for File

NDA 20-234
Tegretol XR (OROS)

Reviewer Atiqur Rahman, PhD
Supervisor  Victoria Hale, PhD

date July 18, 1984

The following studies were performed:
The following studies are pivotal:

BE argunent based on parent drug: QROS vs QID &3%&11{ formulation = approvable.

epoxide metabolite is active.
although OGD has not used metaboliw for generics, we will consider it now.

epoxide is not BE for the two products. BE test for epoxide therefore FAILS. - - g 4 deww aldi
details of how it fails.... Cmin, et

however, another issue must be considered regarding the variability of the dosage form with regard
to absorption. (provide refs as to variable drug release and/or absorption rate)

thw DIV of BIOPHARM supports approval of the product despite the failure of the metabolite to
meet BE standards because the XR formulation will perform much better with regard to drug
release (zero-order) versus enatic and unpredictable performance of the IR product.

CC NDA 20,234
HFD-120 3 copies
HFD-426 drug, revicwer, cluon, Rahman, Fleischer, Hale, CR file
HEFD-340 Viswanathun
HFD-019 FOI

ijh—cu(/c’ raliced Ko Aol ’Z%""""J%éw




Division of Oncology and Pulmonary Drug Products
Review of Chemistry, Manufacturing, and Controls

NDA #: 20-234 DATE REVIEWED: 18-AUG-34
REVIEW #: 4 REVIEWER: Richard E. Lowenthal, M.S.
SUBMISSION TYPE DOCUMENT DATE CDER DATE ASSIGNED DATE
N(BC) . 03-JUN-94 03-JUN-94 22-JUN-94
NAME & ADDRESS OF APPLICANT: Ciba-Geigy Corporation
556 Morris Ave. Ty Ty
Summit, NJ 07901 AN
DRUG PRODUCT NAME
Proprietary: Tegretol XR
Established: Carbamazepine Controlled Release
Code Name/#: N/A
Chem.Type/Ther.Class:
PHARMACOL. CATEGORY/INDICATION.: Anti-Epileptic
DOSAGE FORM: Controlled Release Tablet (OROS)
STRENGTHS: 100 mg, 200 mg and 400 mg
ROUTE OF ADMINISTRATION: Oral
R}JOTC: Rx

CHEMICAL NAME, STRUCTURAL FORMULA, MOLECULAR FORMULA, MOLECULAR WEIGHT:
See Previous Reviews

5H-Dibenz|[b,flazepine-5-carboxamide

CsH N0

MW 238.27

RELATED DOCUMENTS (if applicable): NDA 16-608 .
REMARKS: Labeling for the drug product was submitted. Comments on this labeling were originally
communicated to Nancy Chamberlin and Stanely Blum of HFD-120 on June 28, 1894, Labeling should be revised
as follows:

1. Storage statement should be revised to agree with present Agency and ICH requirernents. "Store
at controlled room temperature (15 °C-30 °C). Protect from Moisture.

2. The generic name may not state USP on the label. The drug name should state *Tegretol XR
{carbamazepine extended release tablets). USP may not be used in the name for the drug
substance.

3. The clinician may want to consider requesting that the warning to swallow whole be made mre

prominant on the labeling.

CONCLUSIONS & RECOMMENDATIONS: NDA 20-234 is APPROVABLE for chemistry with the labeling
changes described and concurrence from compliance and EA staff. Compliance and EA approval are still

outstanding.
/

Richard E. Lowenthal, M.S., Reviewer
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Division of Oncology and Pulmonary Drug Products
Review of Chemistry, Manufacturing, and Controls

ND} ) 20-234 DATE REVIEWED: 18-FEB-94 (Revised 14-JUN-94)
REVIEW #: 3 REVIEWER: Richard E. Lowenthal, M.S.
SUBMISSION TYPE DOCUMENT DATE CDER DATE ASSIGNED DATE
N(BC) 14-DEC-93 20-DEC-93 16-FEB-24
N(BC) %—JUN—Q&% 08-JUN-94 10-JUN-94
NAME & ADDRESS OF APPLICANT: Ciba-Geigy Corporation
556 Morris Ave.
Summit, NJ 07801
DRUG PRODUCT NAME
Proprietary: Tegretol XR
Established: Carbamezepine Controlled Release
Code Name/#. N/A
Chem.Type/Ther.Class:
PHARMACOL. CATEGORY/INDICATION: Anti-Epileptic
DOSAGE FORM: Controlled Release Tablet (OROS)
STRENGTHS: 100 mg, 200 mg and 400 mg
ROUTE OF ADMINISTRATION: Oral
Rx/OTC: Rx

CHEMICAL NAME, STRUCTURAL FORMULA, MOLECULAR FORMULA, MOLECULAR WEIGHT:

SH-Dibenz[b flazepine-5-carboxamide
C;H,,N,O
MW 236.27

RELATED DOCUMENTS (if applicable): NDA 16-608

REMARKS: The two submissions covered in this review include responses to deficiencies sent as a result of the
April 21, 1993, review and those sent by telefax on March 21, 1994. Additiona! information on the manufacturing
process and formulation development was provided to ustify the proposed excipient ranges and specificaticns. A
specific weight gain target was established for each formulation and the 30% weight variation was demonstrated to
be adequate (<5% change in dissolution). An adequate sampling plan was provided for the manufacturing
process and testing of the drug product. The stability protocol was revised {2 reflect the ICH proposed conditions.
The first three batches of each formulation will be placed on the full stability protocol, however, extension of the
expiration date may be based on the nine batches (3 of each formulation) presently on the old stability protocol at
25 Cf75% RH. The original protocal was tor 12 manths at the 25 C/75% RH, however, the firm has determined
sufficient samples exist to comnlete a 5 year study at this station and the protoco! will be extended. Testing wili
mclude Appearance, Assay, Release Rate (four paint dissolution), Impurities and Moisture Content.

A preliminary specification of 5% for moisture content is included along with a commitment to tighten this
specification after sufficient experience is obtained. The option to use ¢ was removed from the
description of the manufacturing process and the will be run for every batch without an option to
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DIVIS;ON oFr NEUROPHARMACOLOGICAL DRUG PRODUOCTS
Review of Chemistry, Manufacturing, and Controls

NDA #: 20-234 CHEM REVIEW #: 3 REVIEW DATE:  16-SEP-93
SUBMISSION TYPE DOCUMENT DATE  CDER DATE ASSIGNED DATE

ORIGINAL 31-0CT-91 05-Nav-91 01-0CT-92

AMENDMENTS 16-AUG-93 23-AUG-93 26-a6-93 !5 Ga s
NAME & ADDRESS OF APPLICANT: GEIGY Pharmaceuticals

Division of CIBA-GEIGY Corporation
356 Morris Avenue

Summit, New Jersey 07901
DRUG PRODUCT NAME

Proprietary: TEGRETOL XR® (OROS®)
Nonproprietary/USAN; CARBAMAZEPINE
Chem . Type/Ther.Class; 3 s
ANDA Suitatility Petition/DESI/Patent Status: N/A
PHARMACOL . CATEGORY /INDICATION: EPILEPSY, TRIGEMINAL NEURALGIA
DOSAGE FORM: CONTROLLED RELEASE TABLETS
STRENGTHS : ' 100, 200 AND 400 MG
ROUTE OF ADMINISTRATION: ORAL
DISPENSED: XXX BRx QTC

—— e

CHEMICAL NAME, STRUCTURAL FORMULA, MOLECULAR FORMULA., MOL.WT:

GisH.N;O

4

Mol. "= 236,27

CAS #  1-46-4 = N
SH-dibenz([b,f]azepine-5-carboxamide CONH,
CARBANAZEPINE

SUPPORTING DOCIIMENTS: IND /NDA 16-608



—

NDA 20-234 CIBA-CEIGY PHARM. TEGRETOL XR® (CARBAMAZEPINE) 2

CONSULTS:  ENVIRONMENTAL ASSESSMENT [Dr. Vincent]--sent 17-DEC-91 & 20-0CT-92
INSPECTION REQUEST -- sent 05-0CT-92

REMARKS /COMMENTS: The submission provides for updated Drug Proc ¢

Specifications Methods. The dissclurion methodology has been changed in to
following manner

The name of the drug product has alsc been changed officially to
TEGRETOL XR, which was acceptable to the nomenclature committee.

CONCLUSIONS & RECOMMENDATIONS: The changes in this amendment are acceptable,
however, no deficiencies from the primary review have been addressed.
RECOMMEND THAT NDA 20-234 FOR TEGRETOL OROS (CR) TABLETS IS NOT APPROAVABLE.
SATISFACTORY CORRECTION OF CHEMISTRY DEFICIENCIES IS REQUIRED [e.g., wmanuf,

issues, in-process/specification corrections, packaging concerns and stabilicy
information]. , :

ce:
Ori 0-234
tnchaln D o F e
HFD-120/KR.Loventhal/16-SEP-92 -
HFD-120/CSO-N. Chamberlin Richard E. Lowenthal, M.S., Review Chemist

HFD-120/S.Blum

HFD-120/C.McCormick/R.Katz [Page 1 and 2 only]
R/D Init by: S.Blum

filename: N020234.BZl

¥yl



DIVIBION OF NEUROPHARMACOLOGICAL DRUG PRODUCTS
Review of Chemistry, Manufacturing, and Controls (

NDA #: 20-234 CHEM REVIEV #:

SUBMISSION TYPE DOCUMENT DATE

ORIGINAL 31-0CT-91

AMENDMENTS 17-Nov-92

NAME & ADDRESS OF APPLICANT:

DRUG PRODUCT NAME

Proprietary:
Nonproprietar SAN:
Chem. e er.Class:

CDER DATE
05-NOY-91

19-NOV-92

2

REVIEW DATE: 03-DEC-92

ASSIGNED DATE
01-00T-92

20-Nov-92

GEIGY Pharmaceuticals
Division of CIBA-GEIGY Corporation
556 Morris Avenus
Summit, New Jersey 07901

TEGRETOL CR® (OROS®)

CARBAMAZEPINE

3s

ANDA Suitability Petition/DESI/Patent Status:

PHARMACOL . CATEGORY/INDICATION:

DOSAGE FORXM:
ROUTE OF ALMINISTRATION:
DISPENSED:

N/A

AlG 23 1933

E?JLEPSY, TRIGEMINAL NEURALGIA

CONTROLLED RELZASE TABLETS
100, 200 AND 400 MG

ORAL
IXXX Rx

OTC

CHEMICAL NAME, STRUCTURAL FORMULA, MOLECULAR FORMUIA, MOL.WT:

CisH(:N;O

Mol. Wt. 236.27
CAS # 298-4¢6-4

SH-dibenz[b, f)azepine-5-carboxamide

SUPPORTING DOCUMENTS; IND

“/NDA 16-608

7

R

H

CONH
CARBANAZEPINE

1)




NDA 20-234 CIBA-GEIGY PHARM. TEGRETOL CR® (C PINE 2 (

CONSULTS : ENVIRONMENTAL ASSESSMENT [Dr. Vincent)--sent 17-DEC-91 & 20-0CT-92
INSPECTION REQUEST -- sent 05-0CT-92

REMARKS /COMMFNTS: Some concern was raised with tha Tegretol-CR OROS drug
product formulation. These concerns were related to a possibility that in the

CONCLUSIONS & RECOMMENDATIONS: We believe the Tegretol OROS tablet will
preform as designed and within regulatory specifications. The anomaly seen in
the in-vitroe testing is insignificant when considering
the in-vivo randomization of the tablet orientation. The 100% sampling
techniques used by the sponsor provides assurance that every tablet will
contain a paoc-tal and the dissclution testing presented in this submission
demonstrates vhat in the event the hole is sealed the drug substance will
still be deljv- ed with only a minor delay and no chance of dose dumping.
Concurrence wih this view is required from biopharm.

cc:
Orig. NDA 20-234
HFP-120/Di¥iidon File
HFD-120/R. Loventhal/03-DEC-92
HFD-120/CSO-N.Chamberlin
HFD-120/5.Blum
HFD-120/C.¥cCormick/R.Katz [Page 1 and 2 only]

R/D Init by: S.Blum
filename: N020234.N01

A
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DIVISION OF NEUROPHARMACOLOGICAL DRUG PRODUCTS
Review of Chemistry, Manufacturing, and Controls

BDA #: 20"234 CHEM, REVIEW #: 1 REVIEW DATE: 21-0CT-92

SUBMISSION TYPE DOCUMENT DATE CDER DATE ASSIGNED DATE

ORIGINAL 31-0CT-91 05-NOV-91 01-0CT-92

AMENDMENTS 03-AUG-92 05-AUG-92 01-0CT-92

CORRESPONDENCE 25-AUG-92 31-AUG-92 01-0CT-92
G9-SEP-92 15-SEP-92 01-0CT-92

NAME & ADLCRESS OF APPLICANT: GEIGY Phsrmaceuticals

Division cf CIBA-GEXIGY Corporation
556 Morrls Avenu:
Summit, New Jersey 07901
DRUG PRODUCT NAME

Proprietary: TEGRETOL CR® (OROS®}
Nonproprietar::/USAN: CARBAMAZEPINE
Chem. Type/Ther .Class: 3s
ANDA Suitability Petition/DESI/Patent Status: N/A
PHARMACOL.CATEGORY /INDICATION " EPILEPSY, TRIGEMINAL NEURALGIA
DOSAGE FORM: CONTROLLED RELEASE TALLI'TS
STRENGTHS ; 100, 200 AND 400 MG
ROUTE OF ADMINISTRATION: ORAL
DISPENSED: XXXX Ex 0TC

CHEMICAL NAME, STRUCTURAL FORMULA, MOLECULAR FORMULA, MOL.WT:

CsH,N,O
//n

Mol. Wt. 236.27

CAS # 298-.5-4 N

SH-dibenz (b, f]azepine-5-carboxamide " CONH5

CARBANAZEPINE
SUPPORTING DOCUMENTS: IN. /NDA 16-608

- et m e ms e — e —mp mre=™ e



NDA 20-234 CIBA-GEIGY PHARM. TEGRETOL CR® (CARBAMAZEPINE) 2

===

CONSULTS : ENVIRONMENTAL ASSESSMENT [Dr. Vincent}--sent 17-DEC-91 & 20-0CT-92
INSPECTION REQUEST -- sent 05-0CT-92

REMARKS /COMMENTS: The drug su:-stance, Carbamazepine, will be manufactured by
CIBA-GEIGY under NDA 16-608 and will meet all specifications and obligations
set Yorth in that document. The controlled release drug product will be

formulation. The tablets will be manufactured in strengths of 100, 200 and
400 mg doses which will be different in size and color (light yellow, pirnk and
orange respectively). The manufacturing process requires further explanation
and some additional in-process controls and release specifications are needed.
Sampling procedures need correction.

specifications are high and may require a restriction to the number of tablets
taken daily. Dissolution studies show good control of release over a 24 hour
period, however, pilot batches are less consistent and have more variation
than clinical lots. No full scale production batches have been manufactured.
The drug is released from the tablet as a suspension which is forced out
through the portal by osmotic pressure. The drug product will be packaged in
HDPE bottles of 2, 8 and 100 tablets and in unit dose blisters. Scability
data submitted is only up to 3 months for pilot batches, 24 months supportive
data for clinical formulation and no stability data on # full scale batch.
Labeling requires additional warnings with regards to the mode of action of
these tablets.

CONCLUSTONS & RECOMMENDATIONS: Agreement of Div. Biopharm: on dissolution
specs. of dosage forms is required. Methods Validation has been requested.
Environmental assessment has been requested. Establishment Inspections ha-'>
been requested. Labeling changes need to be discussed with Medical Officer.

RECOMMEND THAT NDA 20-234 FOR TEGRETOL OROS (CR) TABLETS IS ROT
APPROAVABLE. SATISFACTORY CORRECTION OF CHEMISTRY DEFICIENCIES IS REQUIRED
[e.g., manuf. issues, in-process/specification corrections, packaging conceras
" and stability informaticu].

cc:

Orig. NDA 20-234
HEDEIX -] v

ufb-120/R. Lowenthal/21~0LT-92 .
HFD-120/CS0-N.Chamberiin Richard E. Lowenthal, M.S., Review Chemist
HFD-120/S.Blum

HFD-102/CKumkumian (#1 only]

HFD-120/C.McCormick/R.Katz {Page 1 and 2 only]

&/0 Init by: S.Blum

filename:  N020234.001




MEMORANDUM DEPARTMENT GF HEALTH & HUMAN SERVICES
e Public Health Service

% Food and Drug Administration
e Center for Drug Evaluation and Research

ANTE g
. -

DATE January 25, 1995

FROM : Phillip G. Vincent, Ph. D.

ENVIRONMENTAL ASSESSMENT OFFICER
OFFICE OF THE CENTER DIRECTOR

SUBJECT: ENVIRONMENTAL ISSUES: NDA 20-234 Tegretol-XR Tablets
(carbamazepine)
TO : Martha R. Heimann, Ph.D./HFD-120

mwu.
Thank you for your thorough review of the EA for this submission. We concur with your
conclusions and noted deficiencies.

Ciba-Geigy may not cross reference another NDA (page 010) for the EA. The
annotation "to be provided", as you observed, is not adequate. Al relevant information
must be provided in the EA at time of filing. The firm must comply with the regulations
to provirle data summary tables for item 15 of the EA.

Please let me know if you have any questions.

D00 Wt

Phillip G. Vincent, gh.D.™

CC. Original NDA 20-23.¥HFD-120 N. Chamberlin copy to NDA
EA File 20234

FIT January 25, 1995



*RESENSITIVE***
REVIEW
OF
ENVIRONMENTAL ASSESSMENT
FOR
NDA 20-234
TEGRETOL-XR® Tablets
(Carbamazepine)
HFD-120 REVIEW DIVISION
CENTER FOR DRUG EVALUATION AND RESEARCH

HFD-102

DATE COMPLETED 1/12/95



NDA 20-234 Environmental Assessment Review No. 1, p- 1

25.31a Euvironmental assessment for proposed approvals of FDA - regulated products -- Format 1.
(a) For proposed actions to approve food or color additives, drugs, biological products, animal drugs,

and class Il medical devices, and to affirm food substances as generally recognized as safe
(GRAS), the applicant or petitioner shall prepare an environmental assessment in the following
format:

Zavironmental Assessment

1. Date: October 31, 1991 - Original Submission

2. Name of applicant/petitioner:  CIBA-GEIGY Pharmaceuticals Division

3. Address: 556 Morris Avenue
Summit, NJ 07901

4. Briefly describe the requested approval;
The firm has requested approval to manufacture, package, distribute and market TEGRETOL-XF®
(Carbamazepine) Tablets. The tablets will be packaged in HDPE bottles and foil backed plastic blister

packs (vinyl aclar sheeiing on aluminum foil).

The drug is to be used for the treatment of epilepsy, with the extended release formulation minimizing
fluctuations of the drug substance levels in plasma.

The site of manufacture for the carbamazepine drug substance is not included. NDA 16,608 is
referenced for this information.

Drug product will be manufactured and packaged at:

CIBA-GEIGY Pharmaceuticals
Suffern, NY _ ~ and Summit, NJ

Drug product will be packaged at:

The drug product will be marketed throughout the United States. Returned or rejected goods will be
sent for incineration at the following facilities:



NDA 20-234 Environmental Assessment Review No. 1, p. 2

5.

1C

Adegquate dsscriptions of the environments present at and adjacent to all of the facilities listed except

DEFICIENCY: Please identify the site of drug substance manufacture.

Please provide an environmental setting description for 1

Identification of chemical substances that are the subject of the proposed action:
A. Drug Substance

Name: Carbamazepine

Chemical Name: 5H-dibenz{b,flasi. yine-5-carboxamide

CAS Registration Number: 298-46-4

Molecular Weight: 236.27
Molecular Formula: CsH;sN,O
Structural Formula: —
[ =
I‘\l =
) CONH;

Physical Description: White to off-white powder.
Melting Point: 191 - 192 C

NDA 16-608 is referred to for information regarding impurities and additives.

B. Drug Product

Trade Name: Tegretol POROS® Tablet or Tegretol®-XR® Tablet
(The designation OROS® was replaced by XR during the review process.)

Generic Name:  Carbamazepine, USP OROS® (or extended release) or Tablet




NDA 20-234 Environmental Assessment Review No. 1, p. 3

6.

EVALUATION: No information is provided regarding impurities in either the drug substance or

the drug product. A physical description of, and quantitative formulations for, the
drug products is provided in Appendix . This information is adequate but should
be summarized in the EA.

DEFICIENCY: Please change trade name of the drug product from Tegreto OROS® to

Tegretol®-XR®,

Piease include a listing of the impurities that may be present in the carbamazepine
drug substance, and in the Tegretol-XR® drug product.

Please include a summary of the excipients present in the Tegretol-XK® drug
preduct,

Introductioh of substances into the environment: For the site(s) of production:
A. Drug Substance:
The carbamazepine drug substance is manufactured under NDA 16-608.

B. Drug Product

The firm submitted a commitment to provide the following information for the Suffern, NY and
Summit, NJ sites:

L

tar
-

4.

Aqueous effiuents, and amounts, expected to be emitted during the manufacture of the drug
product and control measures.

Air emissions, and amounts, expected during the manufacture of the drug product and control
measures.

Solid waste, and amounts, to be generated during the manufacture of the drug product and control
measures,

Citation of compliance with aqueous and air emissions and solid waste requirements.

The firm states that it is in compliance with the OSHA Hazard Communication Standard. Copies of
MSDS's for the carbamazepine drug substance, Tegretol drug product and other regulated materials
are provided in Appendix IV.

DEFICIENCY: Piease provide the following information regarding the manufacture of the drug

product:

1. A summary of emissions, control measures, and compliance status for the
manufacture of the carbamazepine drug substance.

2. Aqueous effluents, and amounts, expected to be emitted during the
manufacture of the drug product and control measures.




NDA 20-234 Environmenta.l Assessment Review No. 1, p. 4

3. Air emissions, and amounts, expected during the manufacture of the drug
product and control measures.

4. Solid waste, and amounts, to be generated during the manufacture of the drug
product and control measures.

5. Citation of compliance with aqueous, air and solid waste emissions
requirements at thc local, state and federal levels.

7. Fate of emitted substances in the ervironment:

EVALUATION: The only information submitted is water solubility and Log P data for
carbamazepine.

DEFICIENCY:  For Item 7, "Fate of emitted substances in the environment: ...", please provide
a summary of environmental fate testing studies which would support a prediction
of environmental concentrations of substances entering the environment as a
consequence of the use of the Tegretol-XR® drug product.

8. Environmental effects of released substances:
This information is "(To be provided)".

DEFICIENCY: Please provide the information required for Item 8, "Environmental effects of
released substances: ...".

9. Use of resources and energy:

The firm indicated that the raw materials for the drug product are common compounds which are
widely available. Manufacture will be done within existing buildings. Since the drug substance and
product are synthetics, production should not cause a significant depletion of any natural resource.
No significant increase in energy consumption due to the manufacture of the drug product is
anticipated. The firm indicated that no effects are expected to occur in endangered or threatened
species, or upon property listed in or eligible for listing in the National Registry of Historic Places.

10. Mitigation measures: Describe measures taken to aveid or mitigate potential adverse
environmental impacts associated with the proposed action.

The firm indicates that it is their belief that mitigation is not required.

DEFICIENCY:  With respect to Item 10 "Mitigation measures: ...", you have indicated that no
potential adverse environmental impacts are foreseen with the manufacture of
Tegretol-XR® Tablets. Due to the fack of response to Items 7 and 8, this
statement is not supported.

11. Alternatives to the proposec action: If potential adverse environmental impacts have been
ideutified for the proposed action,
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12,

13.

14.

15.

The firm indicates that "There is no need to discuss aiternatives to the proposed action, as no potential
adverse environmental impact has been identified.” The firm has not provided adequate information
to support the statement that no potential adverse environmental effects have been identified.

DEFICIENCY: With respect to Item 11 "Alternatives to the proposed action: ..", you have
indicated that since no potential adverse environmental impact has been identified
there is no need to discuss altenatives to the proposed action. Due to the lack
of response to Items 7 and 8, this statement is not supported.

List of prep'arers: Thosc persons preparing the assessment together with their quslifications
(expertise, experience, professional discipliaes) shall be listed. Persons and agencies consulted
shall also be listed.

The firm submitted a list of persons involved in the preparation of the EA. While minimal, the list
is acceptable.

Certification: The undersigned official certifies that the information presented is true, accurate,
and complete to the best of the knowledge of the firm or agency responsible for preparation of
the environmental assessment.

A statement of Certification which named Usha Wright, Executive Director, Safety, Industrial Hygiene
and Ecology as the responsible official was included but not signed.

DEFICIENCY: Please include a signed statement certifying that the information presented is true,
accurate, and complete to the best of the knowledge of the firm or agency
responsible for preparation of the environmental assessment.

References: List complete citations for all referenced material. Copies of referenced articles not
generally available should be attached.

DEFICIENCY: For Item 14, please provide references to all materials used to prepare the
environmental assessment.

Appendices:

Minimal information (product composition, MSDS's etc.} is included in the appendices.
Conclusions and Recommendations

The information provided was a draft EA with a commitment to provide a completed document in

November, 1991. The complete EA was not submitted. Recommend tnat the deficiencies cited be
communicated to sponsor.



NDA 20-234 ' Environmental Assessment Review No. 1, p. 6

Reviewed by:
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Martha R. Heimann, Ph.D., HFD-120

Review Completed:  January 13, 1995

Concurrence: ZQE@ mgg,,}m fribs @Q,\ %\c&:fl’

Stanley W. Bl , PL.D., HFD-120 Phillip G. Vmcem,\PhD HFD-102

cc: Orig: IND
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HFD-120/MHeimann
HFD-120/SHardeman
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HFD-102/PVincent
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Division of Neuropharmacological Drug Products / HFD-120
REGULATORY MANAGEMENT OFFICER REVIEW
Application Number: NDA 20-234
Name of Drug: Tegretol-XR (carbamazepine extended-release 1ablets)
Sponsor; Ciba-Geigy Corporation
Material Reviewed
Submission Date(s): 2/6/96
Receipt Date(s): 2/8/96

Background and Summary Description: In response to the Division's approvable letter of
January 22, 1996, the sponsor submitted final printed labeling, C96-9 (Rev. 2/96).

Review

A side-by-side review of the sponsor’s FPL vs. the marked-up draft labeling contained in the
approvable letter revealed no changes other than those specified by the sponsor.

Conclusions

Recommend approval.

%‘9 oo

‘Steven D. Hardeman, R.Ph.
Regulatory Management Officer

Supervisory Comment/Concurrence: ”

1

| S. Purvis
pervisory Consumer Safety Officer

cc.
NDA 20-234

Div. Files
HFD-120/Hardeman/Purvis

CSO REVIEW




DIVISION OF NEUROPHARMACOLOGICALDRUG PRODUCTS

Review of Chemistry, Manufacturing, and Controls

NDA#: 20-234

CHEMISTRY REVIEW: #5 DATE REVIEWED: 14-FEB-36

Submission Type Dcocument Date CDER Date Assigned Date
ORIGINAL 03-AUG-92 05-A1JG.92 N/A
AMENDMENT 16-AUG-94 19-AUG-94 08-NOV-94
AMENDMENT 06-OCT-95 10-OCT-95 11-0CT-95
AMENDMENT 17-OCT-95 18-0CT-95 20-0CT.95
AMENDMENT 24.00CT-95 25-NOV.95 25-NOV-95
AMENDMENT 21.NOV.95 22.NOV-95 27-NOV.95
AMENDMENT 22-NOV.95 24.NOV.95 27-NQV-85

NAME & ADDRESS OF APPLICANT: Basel Pharmaceuticals
Ciba-Geigy Corporation
556 Morris Avenue
Summit, NJ 07901

DRUG PRODUCT NAME: -
Proprietary: TEGRETGLY-XR FEB 20 joes
Nonproprietary/Established/USAN: carbamazepine
Code Name/#:

Chem. Type/Ther. Class: 18

DESI / Patent Status: N/A

PHARMACOLOGICALCATEGORY/INDICATION: Epilepsy, trigeminal neuralgia
DOSAGE FORM: Extended release tablet

STRENGTHS: 100 mg, 200 mg, 400 mg

ROUTE OF ADMINISTRATION: Oral

DISPENSED: XX _Rx ___0OTC

CHEMICAL NAME, STRUCTURE AND MOLECULAR FORMULA.: -
5H-dibenz{b.f]lazepine-3-carboxamide 4 \ i N
CAS Registry Number: 298-46-4 . N =
Molecular Formula: C,,H;:N, O  Molecular Weight: 236.27 tt:omz

SUPPORTING DOCUMENTS: N/A
RELATED DOCUMENTS (if applicable): N/A
CONSULTS: N/A

REMARF VCOMMENTS:

CONCLUSIONS & RECOMMENDATIONS:
NDA remains approvable for Chermistry, pending satisfactory Compliance status,
HFD-120/MHeimann/14-FEB.96

@Q& 0 M vnrzarre— {196
HFD-120/SHardeman Martha R. Heimann, Ph.D., Review él?i-m'mt

HFD-120/SBlum/[nit.; /1,77/1 /Sq Filename: N20-234.999

cc: Orig. NDA 20.234
HFD-120/Division File




ENVIRONMENTAL ASSESSMENT
AND
FINDING OF NO SIGNIFICANT IMPACT
FOR
Tegretol®-XR TABLETS
(carbamazepine extended-release tablets)

100-400 mg

NDA 20-234

Food and Drug Administration
Center fcr Drug Evaluation and Research

Division of Neuropharmacological Drug Products

HFD-120




Finding of No Significant I:npact
NDA 20-234
Carbamazepine Extended-Release Tablets

The Food and Drug Administration (FDA) recognizes the National Environmental Policy
Act of 1969 (NEPA) as the national charter for protection, restoration, and enhancement of

the environment. NEPA establishes policy, sets goals (section 101), and provides procedures
(section 102) for carrying out the policy.

Environmental information is to be available to the public and the decision maker before
decisions ar» made about actions that may significantly affect the quality of the human
¢.. ironment; FDA actions are to be supported by accurate scientific analyses; and

environmental documents are to concentrate on timely and significant issues, not to amass
needless detail.

The Food and Drug Administration, Center for Drug Evaluation and Research has caref ~lly
considered the potentiai environmental impact of this actiun and has concluded that th
action will not have a significant effect on the quality of the human enviro..ment and that
an environmental impact stateinent therefore wi'l not be prepa-ed.

In support of their new drug application (NDA 20-234) for Tegretol®-XR Tablets, Ciba-Geigy
Corporation has conducted a number of environmental studies and prepared an
environmental assessment (21 CFR 25.31a(a}) which evaluates the potential enviror mental
impacts of the manufacture, use and disposal of the drug product.

Carbamazepine is a synthetic drug which is commonly prescribed for treatment of epilepsy
and trigeminal neuralgia. The extended release formulation is intended for use as 100-400
mg tablets to be taken orally twice daily. This formulation offers an advantage over prompt
release formulations which are typically administered four times daily. Itis expected that
Tegretol®-XR will r » used as a replacement for prompt release formulations. For this
reason, approvalc NDA 20-234 is not expected to result in any change in the amount of
carbamazepine released to the environment.

The drug substance will be manufactured by (iba-Geigy, Ltd Pharmaceuticals division at
two sites in Basel, Switzerland. These sites are currently used for manufacture of
carbamazepine drug substance under approved NDA 16-608. The drug product will be
manufactured at Ciba-Geigy facilities in Suffern, New York ana Summit, New Jersey and
packaged eithar at the Suffern site or by contract packagers. The finished drug product will

be dispensed by prescription ~uly. Patient use and disposal will be in both residences and
hospitals.

Unused or expired product will be shipped for incineration at off-site facilities. Ciba-Geigy
inspects, and audits, contract waste disposal facilities to verify compliance with Fedzral,
state and local environmental regulations.

At hos ital sites, empty or partially empty packages will be disposed of according to hospital
regulations. Empty or partially empty containers will be disposed of as trash by consumers,



destroyed by the community's solid waste management system, and disposed in an apnaroved
sanitary landfill.

During the .nanufacturing of carbamazepine buik drug substance at the Ciba-Geigy facility
in Basel, Switzerland air emissions, liquid waste streams and solid waste may result. Air
emissions are controlled by surface condensers, brine-cooled vent condensere, chemical
scrubbers, thermal oxidation or abscrption. Process wastewater iz sent to a chemical
wastewater treatment plant before discharge into the Rhine Rives. Additional treatment,
e.g. oxidation, may be used for toxic or non-bio-degradable wastewater. Solid waste is
Incinerated in an on-site rotary kiln incinerator at approximately 1200 °C, or in a similar
off-site facility.

During the Tegretol*-XR tablst manufacturing process, air emisslons, wastewater
discharges and solid waste may result. Air emissions from manufacture of the tablet cores
at the Sutrern, New York site consist primarily of particulates {carbaimazepine and common
drug excipients). Particulates are controlled by appropriate dust collectors. Air emissions
at the Summit, New Jerscy site are primarily volatile organic compounds (VOC's),
Emissions of VOC's are minimal and are expected to be well below permit limits.
Wastewater for the Summit, New Jersey facility i1s directed to an on-site sewerage system
with pH neutralization capabilities from which it is discharged into the municipal sewer
svstem. Solid process waste is shipped for incineration at off-site licensed facilities. Waste
packaging materials will be recveled or incinerated. All production, packaging and waste
disposal facilities operate in compliance with Federal, state end local regulations.

After oral administration. carbamazepine is extensively metaholized and excreted as

hydroxylated and conjugated metabolices. Excreted drug is expected to be diluted in local
sewer systems,

There are various chemical and physical tests and parameters which are predictive of
environmental mobility and accumulation. This information m.v be obtained in a laboratory
from the n-octanol: water partition coefficient, K, (P,.) or log P which indicates the
tendency of nontonized organic chemicals to accumulate in lipoid tizssue and to sorb onto soil
or other particles or onto the surface of organisms. Chemicals with K_,, of 10000 (log P
greater than 4) may bioconcentrate or sorb significantly. For carbamazepine, K,, was
determined to be 47.9 (log P = 1.68). I*is not expected that carbamazepine will significantly
bioconcentrate in aquatic organisms or sorb to soils.

The effect of carbamazepine on aquatic and terrestrial microorganisms, and on aquatic
species was evaluated for potential toxic effects.

In microbial growth inhibition test on representative species, e.g. Aspergillus niger,
Trichoderma viride, Clostridium perfringens, Bactllus subtilus, and Nostoc sp.,
carbamazepine did not inhibit growth at concentrations up to 1000 mg/L. Sublethai effects
were observed 1n a twenty-four hour acute toxicity study in daphnids (Daphnia magna
Straus 1820); the median effect concentration (EC,,) was determined to be 92 mg/L. The
median lethal concentration (LC,,) in Zebra fish (Brachydanio rerio) was 43 mg/L in a
ninety-six hour acute toxicity test.



Based on peak year production estimates for the Tegretol® product line, Ciba-Geigy has
calculated the viaximum Expects | Environmental Concentration (MEEC) for
carbamazepine as a resultof ¢ proval of NDA 20-234. The MEEC value can be compared to
lowest concentration at which toxic effects are detectable. The minimum toxic effect
concentration was determined to be 43 mg/L. in Zebra fish. Comparison of this value to the
calculated MEEC give a safety factor of at least 100.

Carbamazepine drug substance and Tegretol®-XR tablets will be manufactured at existing
facilities, iand use will not be altered. As the extended release formulation is intended to
displace existing immediate release carbamazepine therapies, no significant change in drug
substance production lovels is expected. Tablet wuanufacture and packaging require
manimal amounts of energy and raw materials.

Adverse effects are not anticipated upon endangered or threatened species or upon property
listed in or eligible for listing in the National Register of Historic Places.

For a summary of data, see the Summary Table in the attached Freedem of Information

(FOD document. Additionally, reference is made to the attached Material Safety Data Sheet
(MSDS) for carbamazepine.

The Center for Drug Evaluation and Research has concluded that the product can be
manufactured and used without any expected adverse environmental effects. Precautions
taken at the sites of manufacture of the bulk product and its final formulation are expected
to minimize occupational exposures and environmental release. Any residues of
carbamazepine entering the environment as a result of administering the drug to humans

are expected to be much lower than the minimum concentration at which any toxic effect i¢
hkely to occur.
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Environmental Assessment Information

An environmental assessment has been prepared in accordance with the requirements stated in
21 CFR Part 25.31a(a) for Tegretol®-XR.

1. Date
December 19, 1995 (revised)

2. Name of applicant

Ciba-Geigy Corporation
Pharmaceuticals Division

3. Address

556 Morms Avenue
Summniit, Ne'w Jersey 07901 - 1398

4, Description of the proposed action

4.1. Requested approval

Ciba Pharmaceuticals Division has filed a New Drug Application (NDA) for Tegretol®-XR
(carbamazepine extended-release tablets). Carbamazepine is the drug substance which is also
the subject of approved NDA 16-608 for Tegretol®, available as 200 mg tablets, NDA 18-281
for Tegretol Chewable Tablets, 100 mg, and NDA 18-927 for Tegretol Suspension, 100 mg/5
ml. Tegretol®-XR is available as tablets for oral administration, containing 100 mg, 200 mg
or 400 mg carbamazepine. This NDA requests approval of Tegretol®-XR for the same

indications as currently approved for the three marketed forms of Tegretol: epilepsy and
trigeminal neuraigia.

For further information regarding the subject of this assessment, please refer to the Chemistry,
Manufacturing and Controls Summary provided for your convenience in Appendix 1 of this
document. This scction is identical to documentaticn found in the original NDA submiticd
October 31, 1991. Since the submission of the oniginal NDA, the Manufacturing, Packaging
and Control Sites chart has been updated. An updated copy is also provided in Appendix 1.
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4.2. Need for action

Approval of this Application will result in the distribution of Tegretol®-XR throughout the
United States. Tegretol is a well-established therapeutic agent for the treatment of epilepsy
and trigeminal neuralgia. Approval of the Tegretol®-XR NDA will provide a formulation of
Tegretcl which needs to be taken only twice a day. Because of the therapeutic benefits
associated with the availability and use of Tegretol®-XR to this patient populauon approval
is justified and preferable to non-approval.

4.3. Sites of production and environmental settings

4.3.1. Manutacture of bulk drug substance

As noted in Ciba's approved Tegretol NDA 16-608, the bulk drug substance carbamazepine is
chemically manufactured by CIBA-GEIGY; Ltd. Pharmaceuticals Division at the following
sites in Basel, Switzerland:
CIBA-GEIGY

Werke Schweizerhalle

CH-4133 Schweizerhalle

Switzeriand

and

CIBA-GEIGY
Werke Klybeck
Klybeckstrasse 141
CH-4002 Basel
Switzerland

Environmental setting descriptions for each of these facilities are provided in Appendix 2.

4.3.2. WManufacture of finished dosage form

Finished dosage form manufacture will consist of compressing excipients into a tablet core,

into the tabiet. Drug product formulation
will occur 2t the following Ciba facilities:

Ciba-Geigy Corporation
Pharmaceuticals Division
25 Old Mill Road
Suffern, New York 10901 - 7914

and
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Ciba-Geigy Corporation
Pharmaceuticals Division
556 Morris Avenue
Summit, New Jersey 07901 - 1398

Environmental setting descriptions and maps for the Ciba facilities at Suffern, NY and
Summit, NJ are provided in Appezdices 3 and 4, respectively.

4.3.3. Packaging of finished dosage form

Drug product packaging will occur either at the following Ciba facility:
Ciba-Geigy Corporation '

Pharmaceuticals Division

25 Old Mill Read

Suffern, New York 10901 - 7914

or at contract facilities. The contract packaging facilities and descriptions of their
environmental settings are provided in Appendix 5.

4.4. Sites of product use and environmental settings

Tegretol®-XR will be marketed througiout the United States as a solid oral dosage form
administered twice daily for the treatment of epilepsy and t geminal neuralgia. Tegretol®-
XR will be available to patients through prescription only.

4.5.  Sites of product disposal and environmental settings

Waste generated by the packaging of Tegretol®-XR, as well as all returned or rejected
production material, is classified as non-hazardous waste. Solid process residuals (returned or
rejected production material, laboratory waste) wili be shipped from Ciba for off-site
incineration at permitted incineration facilities. The sites and environmental setiing
descriptions of the facilities currently used by Ciba are provided in Appendix 6.

Ciba publishes, on a quarterly basis, a report entitled "Hazardous & Chemical Waste Dispysal
Sites”. All hazardous waste disposal facilities listed in this report are recommended for
approval by Ciba-Geigy Corporation only after Ciba personnel complete and submit an
inspection and audit report. A list of non-hazardous disposal facilities is also provided, and it
is the Corporation's recommendation that these facilities also be audited once every {wo years.
The Pharmaceuticals Division makes a practice of auditing all non-hazardous waste disposal
facilities. Ciba Pharmaceuticals Division notifies its contract packaging facilities as to which
disposal facilities are currently approved by Ciba.

oG8
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5. Identification of chemical substances that are the
subject of the proposed action

5.1. Drug product
Trade name: Tegretol®-XR

Generic name: carbamazepine extended-release tablet

5.2, Drug substance

Common nume: carbamazepine, LISP
Chemical narne: 5H-dibenz[b,f]azepine-5-carboxamide
CAS number: 298-46-4 '

Molecular formula:  C,H,,N,O

Molecular weight:  236.3

Structural formula:  Please refer to nonconfidential Appendix 1.
Descniption:

Carbamazepine, USP is a white to off-white powder. It is soluble in uicohol and a:ctone, and
practically insoluble in water.

5.3. Impurities

For information pertaining to the stability and control of impurities in the drug substance
carbamazepine and the drug product Tegretol®-XR, please refer to Appendix 7.

5.4. Excipients

For information pertaining to the composition of the drug product Tegretol®-XR, please refer
to Appendix 8.

Information on the manufacture of Tegretol®-XR is contained in Attachment II of the
Chemistry, Manufacturing and Controls Summary (Appendix 1).
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6. Introduction of substances into the environment

6.1.  Sites of production

6.1.1. Manufacture of bulk drug substance

It is again roted that the drug substance carbamazepine will be chemically manufactured at the
following Ciba facilities:
CIBA-GEIGY

Werke Schweizerhalle

CH-4133 Schweizerhalle

Switzerland

and

CIBA-GEIGY
Werke Klybeck
Klybeckstrasse 141
CH-4002 Basel
Switzeriand

6.1.2. Manufacture of finished dosage form:

The finished dosage form, Tegretol®-XR 100 mg, 200 mg and 400 myg tablets, will be
manufactured at the following Ciba facilities:
Ciba-Geigy Corporation

Pharmaceuticals Division

25 Old M™%t Road

Suffern, New York 10901 - 7914

and

Ciba-Geigy Corporation
Pharmaceuticals Division
556 Morris Avenue
Summit, New Jersey 07901 - 1398

The production of the tablet core will occur at the Suffern, New York facility. Subsequently,
the cores will be transperted to the Summit, New Jersey facility fo:

6.1.3. Packaging of finished dosage torm

As previously indicated in Section 4.3.3., packaging operations will take place at Ciba's
Suffern, NY facility, or at contract packaging facilities.
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6.2. Substances expected to be emitted and controls exercised
6.2.1. Air emissions and controis

Ciba - Basel, Switzertand

Air emissions stemming from the micronjzation of carbamazepine comply with the Swiss
Clean Air Act (LRV). Synthesis emissions are ccatrolled by equipment such as surface
condensers, brine-cooled vent condensers and scrubber systems, operating with either plain
water or acidic, basic or oxidizing aqueous solutions. In some cases, waste air is treated by
thermal oxidation or absorption for substances with high boiling peints. Air emissions from
the on-site incinerator are controlled by a series of scrubbers operating with aqueous

absorption mediums. The equipment is operated in compliance with permits issued by federal
and !ocal authorities.

Ciba - Suffern, New York

In the manufacturing of the drug product Tegretol®-XR, the following unit operations are
performed in the Suffern facility: milling,

Since these are all agueous operations, the only emissions which must be permitted are
particulates. Depending upon the unit operation, these particulates are mixtures of the
materials used in the manufacturing process (carbamazepine and common drug excipients).
The particulate emissions trom these emissions are all controlled via dust collectors and all the
source equipment are permitted by either the New York Department of Environmentsl
Conservation (NYDEC) or the Rockland County Department of Health (RC). A.l sources are
operating in compliance with their respective permit limuts, For additonal infortration on air
emissions for these operations, please refer to Append:ix 9.

The only other operation which is 10 take place at the Suffern facility is packaging.
Insignificant quantities of fugitive volatile organic compounds (VOCSs) are associated with this
operation. Since the site's total annual VOC emission is below the New York State significant
source threshold, no applicable control device is required.

Ciba - Summit, New Jersey

In the manufacture of the drug product Tegretol®-XR, the following unit operations are
performed in the Summit facility: coating, sorting, laser drilling, drying, and branding. Except
for coating, emissions generated by the other unit operatiuns are insignificant. For additional
information on air emissions for these operations, please refer to Appendix 10.

6.2.2, Wastewater discharges and controls

Ciba - Basel, Switzeriand

All process wastewater goes to the chemical wastewater treatment plant and is finally
discharged into the Rhine River. Non-biodegradable or toxic waste water may undergo
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treatment (i.e., wet oxidation). The wastewater treatment plant operates in compliance with
permits issued by federal and local authorities.

Ciba - Suffern, New York

Process and domestic wastewater is conveyed from the facility via a gravity sewerage system
to an on-site sewerage pumping station. This flow is then directed to the Village of Suffern
publicly-owned treatment works (POTW). The Village system is designed to process 1.8
million gallons per day (MGD). The average flow from the facility is approximately 118,000
gallons per day (GPD). The POTW regulates the Suffern facility for its discharge through a
state-authorized pretreatment permit program. This program regulates the facility for flow,
PH, biochemical oxygen demand (BOD), total suspended solids (TSS), oil, grease, iretals,
Reporting is submitted on a semni-annual basis. For additonal
information on wastewater discharges for these operations, please refer to Appendix 9.

Ciba - Summit, New Jersey

All process waters from the immediate production areas are conveyed to an on-site
equalization/neutralization system through a dedicated sewerage system. The equalization/
neutralization system is in tumn discharged to the Essex/Union Joint Meeting POTW.
Domestic sanitary flows from the facility are also discharged via a network of domestic
sewerage conveyances to this POTW. The facility pussesses a permit to discharge from the
pretreatment facility administered by the POTW Pietreatment Program. For additonal
information on wastewater discharges for these operations, please refer to Appendi:” 10.

6.2.3. Solid waste and controls

Ciba - Basel, Switzerland

All process residuals (waste solvents, dusts, filter residues, rejected production material) are
either burned on-site in a rotary kiln incinerator, working at approximately 1200°C, or in a
similar third party facility. Residues from the incineration process are sent off-site for

disposal. The incinerator plant operates in conformance with permits issued by federal and
local authorities.

Ciba - Suffern, New York

All rejected producucn material from the packaging of Tegretol®-XR is ser. off-site for
incineration at facilities which must operate in conformance with permits issued under the
authority of the applicable Federal, state and local regulations. Ai! facilities utilized for the
disposal of solid process residuals are inspected by Ciba personnel on an annual basis to
ensure corformance with Federal and state regulations. All packaging components which can

be recycled will be sold. For additonal information on solid waste for these operations, please
refer o Appendix 9.
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Ciba - Summit, New Jersey

All rejected production material from the packaging of Tegretol®-XR is sent off-site for
incineration at facilities ‘which must operate in conformance with permits issued under the
authority of the applicable Federal, state and local regulations. All facilities utilized for the
disposal of solid process residuals are inspected by Ciba personnel on an annual basis to
ensure conformance with Federal and state regulations. Packaging components which can be
recycled will be sold to Paper Recyclers Inc. for that purpose. For additonal information on
solid waste for w.ese operations, please refer to Appendix 10.

Returned goods

Products returned to Ciba Pharmaceuticals Division by the customer are evaluated by the
Quality Controi Department. Those materials which must be discarded are tested and
evaluated so as to properly classify them. Those that must be managed in accordance with
applicable Federal, state and local regulations are appropriately managed and shipped off-site
to disposal facilities as described in section 4.5. [Sites of produc: disposal and environmental
settings]. Incineration is the method of choice for destruction of wastes.

Contract packaging - silities

Contract packaging facilities are required te cispose of any non hazardous solid waste (i.e.,
product packaging materials) generated at facilities approved by  iba, and that the method of
destruction be incineraton.

Incineration facilities

Only incineration facilities approved by Ciba are used for the disposal of returned or rejected
products as well as wastes generated during praduct packaging. The incineration of returned
and rejected materials generates residual solids which are disposed of by the individual
disposal sites in accordance with their operating permits in permitted landfills. Expected air
emission from pollution control equipment associated with the incineration of packaging
wasles are water vapor, carbon monoxide, carbon dioxide and small quantitics of nitrous
oxides. The incinerauon of discarded packaging materials will also generate wastewater. This
water is treated by the incineration facility before discharge in accordance with the operating
permits issued by the state in which the faciiity is located. Whenever possible, discarded
packaging components are sold to a reclaimer/recycler.
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6.3. Citation of compliance with applicable emission
requirements

6.3.1. Citations for air emissions compiiance

Ciba - Suffern, New York

Paticulate emissions for the unit operations milling, granulation, drying, blending, and
compression are regulated by NYDEC under Title 6 of the New York State Codes, Rules and
Regulation, Chapter 3, specifically, Part 200 (General Provisions), Part 20! (Permits and
Certificates), 212 (General Process Emission Sources), and Part 257 (Air Quality Standards
for Particulates).

The above regulations are promulgated by the NYDEC under the State Inplementation Plan
Program. As such, the Air Program in New York meets federal requirements. Thus,
compliance with the state regulation also meets the applicable federal requirements. Ciba is in
full compliance with the New York Air Permit Program.

For additonal details on air citations for these operations, please refer to Appendix 9.

Ciba - Summit, New Jersey

VOC and particulate emissions for the unit operations coating, sorting, laser drilling, drying,
and branding are regulated by NJDEP under New Jersey Administrative Code Title 7 Chapter
27, specifically, Subchapters 1 (General Provisions), 6 (Contiol and Prohibition of Particles
from Manufacturing Process), 8 (Permits and Certificates), and 16 (Contro! and Prohibition of
Air Pollution by Volatile Organic Compounds).

These regulations are promulgated by the NJDEP under the State Implementation Plan
Program. As such, the Air Program in New Jersey meets the Federal requirements. Thus,
compliance with the State regulation also meets the applicable federal requirements. Ciba is
in full compliance with all aprlicable New Jersey air permit regulations.

For additional details on air citaticns for these operations, please refer to Appendix 10.
6.3.2. Citations for wastewater discharge compliance

Ciba - Suffern, New York

Aqueous emissions must be in compliance with the Clean Water Act. New York is authorized
by the Federal government to regulate these emissions under 6 NYCRR. The Suffern facility
discharges wastewater to the Village of Suffem POTW under a permit issued by the Village of
Suffem. The POTW, in turn, operates under a State Pollutant Discharge Elimination System
(SPDES) permit issued by the State of New York under Title NYCRR.

Ciba - Summit, New Jersey

Aqueous emissions must be in compliance with the Clean Water Act. New Jersey is
authonized by the Federal government to regulate these emissions under Tirle 7 NJAC. It is
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under tius authority that the NJDEP regulates the Joint Meeung Sewage Treatment Plant of
Elizabeth, which operates in accordance with NIDES permut #NJ0024741. The Suinmit
facility is regulated, in tum, by the Joint Meeting Sewage Treatment Plant of Elizabeth as a
Significant Industrial User, under authority granted it by the NJDEP. The facility must
maintain compliance with permit #JM-5510 issued it by the Joint Meeting.

6.3.3. Citations for solid waste compliance

Ciba - Suffern, New York

All'sclid wastes must be disposed of in accordance with the applicable regulations included in
NYCRR and EPA 40 CFR 260 - 262. Since all solid wastes are sent off-site for disposal, this
requires the use of licensed transporters and r2rmitted disposal facilitics.

Ciba - Summit, New Jersey

All solid wastes must be disposed of in accordance with the applicable NJDEP regulations
found in NJAC Tide 7, Chapter 26, Subchapters | through 15. Since all solid wastes are sent

off-site for disposal, this requires the use of licensed transponiers and permitted disposal
facilities.

Contract packaging facllities

Contract packaging facilities must conform to all applicable Federal, state and local
regulations, anJd must manage waste materials according to Ciba standards. All solid wastes
generated by the contract packaging facilities listed in Section 4.3.3. are sent only to those
incineration facilities approved by Ciba. Non-hazardous solid waste may be returned by the
contract packager to the Ciba Summit facility for disposal, or directly routed to one of th=
disposal facilities as described in Section 4.5. All disposal facilities on Ciba’s approved list
utilize incinerauon as the method of treatment.

6.4. Cenrification of compliance

An environm..atal protection certificate was obtained from the Cantons of Base; -otadt for the

manufacture of carbamazepine (the active substance of Tegretol). A copy of this certificate is
provided in Appendix 1].

A statement of compliance by Ciba regarding environriental permits required for the

manufacture and packaging of Tegretol®-XR at Ciba's fauities in Suffern, New York and
Summit, New Jersey is provided in Appendix 12,

6.5. Compliance with OSHA Hazard Communication Standard

In accordance with the requirements of the Occupational Health and Safety Administration
(OSHA) Hazard Communication Standard, 29 CFR 1910.1200, Ciba Pharmaceuticals
Division has established a Hazard Communication/Right-to-Know program at both the
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Suffen, New York and Summit, New Jersey sites which covers al} employees. Under this
program, all chemicals are first evaluated to determine whether they meet the OSHA critena
for hacardous chemicals. All containers are then labeled with the chemical name, CAS
number, and inforn.ation regarding the nature of hazards associated with that substance.
Matenal Safety Data Sheets (MSDSs) are available for all chemicals handled at the plant, with
MSDSs prepared internally for those materials used in the production of finished dusage
forms. These are available in each area where the substance js used, as well as in a central
location. The program also provides the required employee training, which includes hazard
recognition, interpretation of information on MSDSs and labejs, the safe handling of selected
classes of hazardous materials, and proper use of personal protective equipment. :

To demonstrate compliance with the Federal and state occupational health requirements, an
MSDS for the drug substance carbamazepine is included in nonconfidential Appendix II.

6.5. Quantities and concentrations expected to enter the
environment

The concentration of carbamazepine expected to be released into the environment as a result
of prescription of the drug product Tegretol®-XR for the treatment of epilepsy und trigeminal
neuralgia was determined based upon market research. This research was based upon the
premuse that for most patients, Tegretol®-XR would repiace their current commercial Tegretol
tablet therapy. Consequently, the concentration of carbamazepine released to the environment

would not change significantly. The marketing forecast for Tegretol®-XR during the peak
year is provided in Appendix 13,

Based upon a forecasted peak year maxiinum sales (and therefore, production), the Maximum
Expected Environmental Concentration (MEEC) for the drug substance carbamazepine has
been calculated. The MEEC value, the supporting calculations and the assumpticns made for
this calculation are provided in Appendix 14.
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7. Fate of emitted substances in the environment

7.1.  Physical and chemical properties of carbamazepine

Physical and chemical properties and constants were reported for carbamazepine in Ciba's
approved NDA 20-234 for Tegretol®-XR, or were determined under FDA Good Laboratory
Practice (GLP) protocols utiizing Technical Assistance Documents (TAD) from tue US FDA
Environmental Assessment Technical Assistance Handbook' as a guide.

7.1.1.  Water solubility (TAD 3.01)

The solubility of carbamazepine in water was conducted at 25°C using the shake flask
method. The mean solubility was determined to be 120 Hg/ra. or 120 ppm. The molar
concentration of carbamazepine was calculated to be:

Carbamazepine (mole/L) = (1.2 x 10+ gm/L)/(236.27 gm/mole) = 5.1 x 10" M

Please refer to Appendix 15 for the cormnplete study report.

7.1.2.  n-Octanol/water partition coefficient (TAD 3.02)

Y

The n-octanol/water partition coefficient (K, ) for carbamazepine was conducted ai 25°C by
the shake flask method. Partitioning testing was conducted in triplicate using octanol/water

ratios of 20:8 and 2:8. The mean K.. was determined to be 47.9, and the log (K,,) or log P
was 1.68.

Please refar to Appendix 16 for the complete study report.

7.1.3. Vapor pressure (TAD 3.03)

The vapor pressure of carbamazepine was determined in triplicate by the gas saturation
method at 25°C using nitrogen average flow rates of 4.75, 6.58 and 9.44 mU/min over a period
of 18 days. No carbamazepine was detected iu the sorbeat martial at any of the flow rates.
The detection limit of the instrumentation was therefore used to determine the vapor pressurc
of carbamazepine. The equilibrium vapor pressure of carbamazer ue at 25°C was determined

to be less than 1.33 x 10 Pa or less than 1.0 x 1075 torr. 't'his co.tesponds to a Henry's Law
constant (H) less than 1.30 x 10-s.

Please refer to Appendix 17 for the complete study report.

7.1.4. Ultraviolet-visible absorption spectrum

Ultraviolet/visible spectra were obtained for carbamazepine in ethanol. Absorption maxima in
ethanol consisted of one major peak at 209 nm and two shoulders at 250 nm and 229 nm.
Absorption spectra of carbamazepine in buffer at pH 8.96 consisted of one major peak at 207
nm and two shoulders at 229 nm and 251 nm. Please refer to Appendix 18.
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7.1.5. Melting range

Carbamazepine exhibited a melting point of 189 to 193°C. Please refer to Appendix 18,

7.1.6. Density

The mean density of carbamazepine was determined to be 1.34 + 0.01 g/cm?® at 25°C. Please
refer to Appendix 18.

7.2. Carbamazepine: metabolism and elimination

The principal metabolite of carbamazepine is the 10,11-epoxide. Following a twice a day
(bi.d.) dosage regimen, Tegretol®-XR affords steady-state plasma levels comparable to
conventional Tegretol tablets given four times a day (q.i.d.), when administered at the same
total daily dose. The plasma clearance of carbamazepine, after a 2-hour, 10-mg intravenous
infusion to two healthy subjects, was 20-30 mL/min. Approximately 76% of carbamazepine
in blood is bound to plasma proteins. Plasma levels are variable and may tange from 0.5-25
ug/ml, with no apparent relationship to the daily intake of the drug. Usual adult therapeutic
levels are between 4 and 12 ug/ml. Carbamazepine is metabolized in the liver. Because
carbamazepine induces its own metabolism, the half-life is also variable. The time course of
autoinduction is completed after 3-5 weeks of a fixed dosing regimen. Initial hali-life values
range from 25-65 hours, with 12-17 hours on repeated doses. Cytochrome P450 3A4 was
identified as the major isoform responsible for the formation of carbamazepine-10, ! 1-epoxide
from carbamazepine.  After oral administration of “#C-carbamazepine, 72% of the
administered radioactivity was found in the urine and 28% in the feces. This urinary

radjoactivity was composed largely of hydroxylated-and conjugated metabolites, with only 3%
of unchanged carbamazepine.

8. Environmental effects of released substances

8.1.  Preclinical safety evaluation of carbamazepine

For further information or. the pharmacokinetics of the drug product Tegretol®-XR in
laboratory animals, a copy of a report from the Clinical Pharmacokinetics and Disposition
(CPD) may be found in Appendix 19 of this document. This section is identical to

documentation found in the Overajl summary of nonclinical pharmacology and toxicology
studies of the NDA.
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8.2. Effect of product use on organisms in the environment

The chemical and physical properties and counstants determined for the drug substance
carbamazepine (Section 7.1) were evaluated using the Environmental Assessment Technical
Test Matrix (Tier 0) guidelines presented in the PhRMA's Interim Guidance to the
Pharmaceutical Industry for Environmental Assessment Compliance Requirements for the
FDA®. This document suggests utilizing water solubility, log P and vapor pressure as the
primary indicators of environmenial fate. Based upon the results of these studies (water
solubility < 10° M: log P < 2; vapor pressure not detected at 105 torr - limit of detection of
equipment), carbamazepine did not precisely fit any of the tiers. Therefore, the environmental
effects of carbamazepine upon representative species of aqueous and terrestnial
microorganisms, as well as aquatic species were examined. Protocols utilizing appropriate
TADs selected from the US FDA Environmental Assessment Technical Assistance Handbook'
and the Organization for Economic Cooperation and Development (OECD) guidelines were
selected to ascertain the environmental concentrations of carbamazepine neaded to produce
effects upon species which may be expected to be encountered in the environment.

8.2.1. Microbial growth inhibition (TAD 4.02)

The agar plate dilution method was used to evaluate the toxicity of carbamazepine drug
substance to pure cultures of molds, ascomycetes, free-living nitrogen-fixing and soil bactena,
and blue-green algae. The minimum inhibitory concentrations (MIC) established for
carbamazepine for these five representative cul*ures are:

Species MIC (mg/L)
Aspergillus niger > 1000
Trichoderma viride > 1000
Clostridium perfringens > 1000
Bacillus subtilis - >1000
Nostoc sp. > 1000

Carbamazepine did not inhibit growth of any of the five cultures during the preliminary test.
Definitive testing was not required since there was no inhibitory effect fcr any o:ganism at
concentrations < 1000 mg/L.. Please refer to Appendix 20 for the complete study report.

8.2.2. Acute toxicity - Daphnia

Carbamazepine was tested by Ciba-Geigy's Ecotoxicology Laboratory located in Basel,
Switzerland. The Laboratory tested carbamazepine in aquatic invertebrates according to

protocols which followed the Orgarization for Economic Cooperation and Development
(OECD) guide’.nes.

A twenty-fcur hour acute toxicity study was conducted on daphnids (Daphrnia magna Straus
1820) under static test conditions following OECD Guideline No. 202, Part I (1984). The

median effect concentration (EC,)) was determined to be 92 mg/L. Please refer to Appendix
21 for the complete study report.
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8.2.3. Acute toxicity - Zebra fish

Carbamazepine was tested by Ciba-Geigy's Ecotoxicology Laboratory located in Basel,
Swizerland. The Laboratory tested carbamazepine in fish according to protocols which
followed the Organization for Economic Cooperation and Development (OECD) guidelines.

A ninety-six hour acute toxicity test was conducted in Zebra fish (Brachydanio rerio) under
static test conditions following OECD Guideline No. 203, Paris, 1984. The median lethal
concentration (LCS50) was reported to be 43 mg/L. Please refer to Appendix 22 for the
complete study report.

8.2.4. Discussion

Results of the water solubility study indicate that carbamazepine would be practically
insoluble in water (120 ug/ml). However, considering the MEEC calculated for
carbamazepine is in parts-per-billion (ppb) (Appendix 13), it is unlikely that carbamazepine
would precipitate oui within the pH range typically encountered in the environment (pH 3 -9).

The n-octanol/water partition coefficient (K ) for carbamazepine was determined to be 47.9
(log P = 1.68). The K,,, which indicates the tendency of a non ionized organic chemical to
accurnulate in fatty tissue and to sorb onto soil particles or other organic matter, suggests that
carbamazepine would not be expected to sorb significantly to the organic material in soil or
sediment, and would not be expected to bioconcentrate substantially in aquatic organisms.
(Chemicals with a log P less than 1 are not expected to significantly bioconcentrate or sorb,
whereas chemicals with a log P greater than or equal to 4 may be expected to bioconcentrate
or sorb significantly.')

The melting temperature of carbamazepine (189-193°C) indicates that this substance is a solid
at ambient temperatures. If this compound sorbed to the solid sediments in a wastewater
treatment plant (WWTP), and, as is usually the case, these sediments were sent for
incineration (at expected temperatures ranging from 1500 - 2200°F), the expected emissions
would be water vapor, carbon monoxide, carbon dioxide and nitrous oxides.

Results of the ultraviolet/visible spectra scan indicated absorbance below 290 nm in pH 8.96
buffer (one major peak at 207 nm and two shoulders at 229 nm and 25] nm). Direct
Photodegradation would not be considered a potential mechanism of depletion.

Results of the Microbial Growth Inhibition study indicate carbamazepine did not have an
inhibiting growth effect on five o the five test microorganism species tested. Carbamazepine
had a sublethal effect on 50% of the population of daphnids at 92 mg/L, while the median
lethal concentration in the Zebra fish was 43 mg/L. These concentrations of carbamazepine

are well above the estimated maximum concentration anticipated in the aquatic environment,
using "worsl-case" assumptions.

R2.4. Conclusion

Carbamazepine is a well-established therapeutic agent used in the treatment of epilepsy and
trigeminal neuralgia. Results of the environmental fate studies indicated that carbamazepine

020



Ciba Page 21
Environmental Assessment Information Tegretol®-XA

would probably not sorb significantly to the organic material in soil or sediment. or
bioconcentrate substantially in aquatic organisms.  Environmental fate studies in
representative species of microorganisms, invertebrates and fish indicated that carbamazepine
would not be expected to be toxic at ihe maximum expected cencentration.

Comparison of the lowest coicenuation fethal t¢ an aquatic organism (Zebra fish - 43 mg/i)
to the MEEC for carbamazepine would result in a safety factor of 10~

In addition, the concentration of carbamazepine released to the environment as a result of use
of Tegretol®-XR will not change significantly, since for most patients, Tegrctol®-XR will
replace the current commercial Tegretol tablet therapy.

9. Use of resources and energy

The drug substance carbamazepine will be chemically manufactured at the Ciba facilities in
Basel, Switzerland and the drug product Tegretol®-XR will be manufactured at the Ciba US
facilities in Suffern, New York and Summit, New Jersey, using raw materials which are
common compounds commercially available in ample supply (Appendix 1).

Electric power consumption for the manufacturing and packaging operations in these facilities
will be nominal and not excessive. Only very small increases in the utilization of energy over
current levels are anticipated, since packaging occurs at existing facilities. The expected
product volume will not significantly increase the consumption of either the raw materials or
energy resources beyond levels presently experienced.

It should be noted that in an effort to reduce erergy consurption, Ciba is a voluntary member
of the Environmental Protection Agency's Green Lights Program.

The List of Endangered and Threatened Species of Noith Americe’, publisned by the
Department of the Interior, and the National Registry of Historic Places* were consulted in
reference to US. packaging operations associated with the finished dosage form, Tegretol®-
XR . Based upon the information presented in this assessment, no impact upon aquatic
species is foreseen. Accordingly, no impact upon either endangered or threatened wildlife and
plants, or the property listed in, or eligible for listing in the Registry of Historic Places is
anticipated.
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10.  Mitigation measures

Ciba-Geigy Corporation recognizes and accepts its environmental responsibilities seriously.
In fact, the Vision of the Corporation and the Pharmaceuticals Division expressly harmonize
its environmental responsibilities with its economic and social responsibilities. To that end,

the Pharmaceuticals Division has committed to and issued Environmenial Principles
(Attachment 1).

Ciba Pharmaceuticals Division is comunitted to developing and manufacturing high quality
healthcare products. The Environmental Principles are the foundation for all measures taken
by Ciba to rrotect and conserve the environment, and to mitigate against polential
environmental impacts associated with the manufacture, use and disposal of its products.

Based upon the information and data presented in this environmental assessment, Ciba
Pharmaceuticals Division has concluded that no potential adverse environmental impacts are
foreseen with either the chemical manufacture of carbamazepine at the Ciba facilities in

Swirzerland, or the manufacture, packaging, transport, use or final disposal of Tegretol®-XR
within the United States.

10.1. Manufacture and packaging of finished dosage form

The manufacture and packaging of Tegretol® XR takes place at Ciba's US facilities under
regilated and controlled conditions which mitigate against negative environmental

consequences. Processors named in this application are in compliance with Federal and local
regulations.

Employee protection -- As previously mentioned in Section 6.5. - Ciba Pharmaceuticals
Division has established a Hazard Communication/Right-to-Know program at both the
Suffern, New York and Summit, New Jersey sites which covers all employees. This program
has been established in accordance with the requirements of the Occupational He:lth and
Safety Administration (OSHA) Hazard Communication Standard, 29 CFR 1910.12tx A copy
of the Division's "Hazard Communication/Right-to-Know" procedure has been included in
Attachment 2.

Spill rzsponse -- Both Ciba's Suffern, NY and Summit, NJ locations have in-house spill
reiponse teams and formalized Emergency Response Plans. These programs include
provisions for containment and cleanup of any spilled materials, and for m..gating any
potential releases to the environment.

Packaging operations may also be conducted by contract packaging facilities. Environmental
and occupational health and safety aspects of the contract packaging operations are governed
by Ciba's Corporate Policy on Contractor Operations (Attachment 3} and its internal
Procecure A4, "Contract Manufacturing/Packaging of Commercial Products and Research &
Development Compounds” (Attachment 4). These facilities must conform to Federal, state
and Iccal regulations, and manage their waste materials in accordance with Ciba standards.
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10.2. Product distribution

Approval of this Application will result in the distribution of Tegretol®-XR throughout the
United States. Any transportation incidents involving Tegretol®-XR would be addressed by
Ciba's intermal "Ciba Chemical Emergency Response Center" procedure (Attachment 5). This
procedure establishes a system of prompt communications between personnel at the incident
site and the designated Divisional Response Coordinators so that directives to achieve a rapid
and proper response for containment and subsequent cleanup of an incident will be achieved.

10.3. Product use

Information on prescribed use of Tegretol®-XR by patients as therapy for epilepsy and
trigeminal neuralgia is contained in the Proposed Package Insert. A copy of the proposed
package insert for Tegretol®-XR is provided in Appendix 23.

The anticipated levels of carbamazepine in the environment are not expected to change
significantly, since for most patients, Tegretol®-XR is expected to replace the current
commercial Tegretol tablet therapy.

10.4. Disposal

Ii is the policy of Ciba, of which the Pharmaceuticals Division is a part, to inspect all facilities
used for the disposal of wastes. This is done to ensure that these facilities are now, and
continue to be, in compliance with all permit conditions. An extensive inspection format is
utilized which not only verifies the facility's compliance history, but also its overall
appearance, maintenance, housekeeping, financial position and employee safety records. Only
those facilities which pass this inspection are approved for use by Ciba.

11. Alternatives to the proposed action

No alternatives to the proposed action are suggested, as no potential adverse environmental
impacts have been identified for the manufacture, packaging, distribution, use or disposal of
Tegretol®-XR. The use of Tegretol®-XR will directly ber-=fit patients suffering from

epilepsy and trigeminal reuralgia. It is our conclusion that approval of this Application is
therefore preferable to non-approval.

12. List of preparers

A curriculum vitae, documenting the qualifications and credentials for each of the contributors
to this environmental assessment, is provided in Appendix 24. '
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13. Certification

The undersigned official certifies that the information presented is true, accurate, and
complete to the best of the knowledge of the firm respoasible for preparation of the
ervironmental assessment.

g e/p/ (/QZM 12/19/95

Joseph #’ LoMenzo, Ph.DY Date
Executive Director, Health, Safety & Environment
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SUMMARY TABLE 1

Chemical structure of carbamazepine
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SUMMARY TABLE 2

CARBAMAZEPINE - PHYSICAL

PROPERTIES AND CONSTANTS

" Parameter Referern.ce Value Units "
“ Water Solubility @ 25°C TAD 3.01 120 ppm
5.1 x10 M
il
Partition Coefficient {K..) @ 25°C TAD 3.02 47.9 N/A l
Log Kow 1.68 N/A |
UVVIS®. e — 207 nm “
Vapor Pressure @ 25°C TAD 3.03 ND N/A
<1.0x10% TORR
Dissociation Constant (pKa) — none N/A
|
“ Melting Range — 189 - 193 °c
|| Density @ 25°C — 1.34 +/- 0.09 fem?®
Notes: *  No UVNIS absorption observed above 290 nm.

N/A Not applicable (dimensionless constant}

ND Not detecied
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) SUMMARY TABLE 3

ENVIRONMENTAL EFFECTS OF
CARBAMAZEPINE IN AQUATIC COMPARTMENT

II Parameter l Reference
[MICROBIAL GROWTH INHIBITION
Aspergillis niger TAD 4.02
Il Trichoderma viride TAD 4.02 I
Clostridium perfringens TAD 4.02 >1000 mg/L “
Il Bacillus subtilis TAD 4.02 >1000 mg/L
|L Nostoc sp. TAD 4.02 >1000 mg.'L
J ]
ECUTE TOXICITY - Daphnia Magna B
) " Median Effects Concentration (ECso) | OECD 202 (Part 1) 92 mq/L

II

IIACUTE TOXICITY - Brachydanio rerio (Zebra Fish)
" Median Lethal Concentration (LCso) OECD 203 43 mg/L
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MATERIAL SAFETY DAi A SHEET

CIBA-GEIGY CORPORATION
PHARMACEUTICALS DIVISION
556 Morris Avenue
Summit, NI 07901-1398

24 Hour Emergency Telephone Numbers:

Cheniical Emergency Response Center: 1-300-888-8372

Medical Emergeacy: 1-908-277-5000

For Non-Emergency Situation/Technical [nformation: 1-908-277.5397 (9:00 AM - 5:00 PM E.S.T.)

SECTION1. PRODUCT IDENTIFICATION 7. | 733 oo w3 M masadvd S 1 Bz
PRODUCT NAME: Tegretol® Active Ingredient (A.L)

PRODUCT CODE(S): 300016

SYNONYMS: Carbamazepine, 5-carbamyi-5H-dibenzo-(b.f)azepine, Neurotol, Karbamazepin
THERAPEUTIC CATEGORY:  Anticonvulsant/analgesic

GENERIC NAME;: Carbamazepine

CHEMICAL NAME: SH-dibenz[b.f)azepine-5-carboxamide

CHEMICAL FORMULA: C,HN.O

MOLECULAR WEIGHT: 236.2¢6

SECTION 2. COMPOSITIONINFORMATION ON INGREDIENTS Y .-,_T-':L-_‘-'_‘wr‘f';;»..;-.;‘4*"";7.:'7::?,';.; T TN
COMPOSITIGN CAsH ' CONCENTRATION (% BY WT,)
Carbamazepine 298-46-4 88 - 100

* POTENCY CLASSIFICATION = III (High)

..

A T

SECTION 3. HAZARDS IDENTIFICATION /3407 1077 s

EMERGENCY OVERVIEW

t--ta‘-‘-l---umutt--t--t-t-s-.stﬂ---ttm-t--t----.stt--tntt-a-s-tl#t.t-tttata"tntt!--tttttm-tttttotl

DANGER: HIGHLY TOXIC/CHRONIC

MAY CAVUSE RYE AND SKIN IRRITATION

MAY CAUSE ALLERGIC RESPIRATORY AND SKIN REACTIONS

MAY DAMAGE BLOOD-FORMING ORGANS

MAY CAUSE NERVOUS SYSTEM DISTURBANCES

MAY DAMAGE LIVER AND KIDNEYS

EXPERIMENTAL TERATOGEN AND TUMORIGEN

COMBUSTIBLE: POTENTIAL DUST FXPLOSION HAZARD

t“l‘t“‘tl“'t‘i.l.‘.l."t“t-l‘.t-"l‘."“"-“‘“t“*"-“t““"“'tl.“.“ttlll'll.---"‘t..-.

Tegrewol® Active Ingredient (A.L)

Page 1 of 8
Approval Date: 15 December 1995
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PRIMAKY ROUTE(S) OF ENTRY:
EFFECTS OF OVEREXPOSURE.:

Skin:

Eye:

Innalaticn:

Ingestion:

TARGET ORGAN EFFECTS:

REPRODUCTIVE HAZARDS:

CARCINOGENICITY:
ACGIH:
EPA:
1ARC:
MAK:
NIOSH:
NTP:
OSHA:

MUTAGENICITY:

Inhalati;on

Dusect contzct may cause skin imitation. Repeated or prolonged exposure may
cause skin sensitization.

Direct contact may cause eye immitation.

Overexposure may cause headache, dizziness, drowsiness, unsteadiness, nausea,
allergic reactions, blurred vision, irregular breathing, and rapid heart rate.

Not a likely route of exposure during normal industrial use.

Peripheral nerve and sensation (fasciculation)

Behavjoral (ataxia, convulsions, altered sleep ime, hailucinations, muscle
conatraction, coma)

Lungy/Respiration (other changes)

Gasupintestinal (nausea, vomiting)

Liver (impaired-liver function tests)

Kidney (increased unine volume)

Blood (agranulocytosis, thrombocytopenia, aplastic anemia)

Skin (allergic dermatitis)

Specific developmental abnormalitics (centzal nervous system, skin and skin

appendages, musculoskeletal system)

There are no adequate and well-controlled studies in pregnant women.
Epidemiological data suggest that there may be an association between the 1se
of carbamazepine during pregnancy and congenital malformation includiny
spina bifida,

There are no adequate and well-controlied stucies in humans.
Not listed
Not listed
Not listed
Not listed
Not listed
Not listed
Nct listed

Not mutagenic in twe test systems (see Section 11).

MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE: Pregnancy: hypersensitivity to carbamazepine or any of the
other uncyclic compounds; history of previous bone marrow depression; cardiac, renal or hepatic disease.,

Tegretol® Active Ingredient {A.L)
Approval Date: 15 December 1995

Page 2af 8
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SECTION 4. LMERGENCY ANT FIRST AID MEASURES %

e ST N
AR - .u.,,.'v‘..l gt i e ¥ PRATTYIN
- ARSI NT e S . vyt
A 3 e e S A
ol bt s

Skin Contact: Wash contaminated area with soap and wazr.

Eye Contact: . Flush with running water for 15 minutes holding eyelids open.
inhalation: Remove to fresh air. Restore/support breathing as needed.
Ingestica: Get medical attention immediately.

e ’..._..._'.. “.:W"

SECTION 5.FIRE. FIGHTING, MEASURF.S@Z.’;‘W
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Flash Point: not applicable  Method Used:  not applicable

Flammable Limits (% in air)

Lower: not applicable Upper:  not cpplicable
Autoignition Temperature: Not available
Extinguishing Media: CQ,, dry chemical or water spray.

Special Fire Fighting Procedures and Precautions:  Combustibte. Potential dust explosion hazard. Evacuate area and
fight fire fromn safe distance.

Fire and Explosion Hazards: Not available

Fire-Fighting Equipment: Wear full protective clothing and pressure-demand, self-contained
breathing apparatus.

Decomposition Products: May emit toxic nitrogen oxide vapors when heated to decomposition.

NFPA Ratings: Health= 3 Flammability = 1 Reactivity = 0 Special Hazard = None
Hazard Rating Scales: 0 = Minimal 1 =Slight 2 = Moderate 3 = Serious 4 = Severe U = Unknown

Lsr-:cnona. (A CCIDENTAL RELEASE MEASURES s irie 3t ron 88030 00 it v Y R
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Steps to be taken if Material is Released or Spilled: Using appropniate protective cquipment, sweep up and conuainenze
spilled material. Residucs may be flushed to the sanitary sewer with water.

Tegretol® Active Ingredient (Al) Page 30f 8
Approval Date: 15 December 1995
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SECT_ITION 7. HANDLING AND STORAGE ...

Storage Temperature (Min/Max.): Do not store above 86°F (30°C) .

Shelf Life: Not known.

Special Sensitivity: Protect from light and temperatures exceeding 86°F (30°C).

Handling and Storage Precautions: Store in a clean, cool, well-ventilated area away from heat. Keep containers

tightly closed. Pyotect containers from physical damage.

SECTICN 8. EXROSURE CONTROLS/PERSONAL PROTECTION giinsicsyuist
Lye Protection: Safety glasses with side shields. Wear safety goggles if airborne dust is present.
Skin Protection: ~ Rubber gloves. Use disposable sleeves or apron as needed. Wear disposable coveralls if

dusty conditions exist.

Respiratory Protection: A NIOSH-approved full-face respirator equipped with H7iPA cartridges must be worn. A
supplied air respirator offers a greater level of protection.

Ventilation Requirements: Use local exhaust as needed to control airborne dust.

Exposure Limits (Definition of terms):

ACGIH: American Conference of Governmental Industrial Hygienists
Ceiling: Ceiling Value
DTEL: Derived Target Exposure Limit
MAK: Federal Republic of Germany Maximum Concentration Values in the Werkplace
NIOSH: National Institute for Occupational Safety and Health
OSHA: Occupational Safety and Health Administration [USA]
FEL: Permissible Exposure Limit
PIEL: Permissibie Internal Exposure Limit {Ciba internal]
REL: Recommended Exposure Limnt
Skin (notation): absorbed through skin
STEL: Short Term Exposure Limit
TLY: Threshold Limit Values
TWA: Time-Weighted Average
Component Exposure Limit
Carbamazepiane PIEL =0.2 mg/m3
Tegretol® Active Ingredient (A1) Page d of §

Approval Date: 15 December 1995
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SECTION 9, PHYSICAL‘AND__C_HEMICAL PROPERTIES = v o e

Appearance : powder Odor Thresh.,iq: not availaple
Color: white to off-white Odor Charar..‘sristics: not avaijabje
pH: Rot availahle Vapor Pressure {(mm Hg): <10 x 107 torr
Boiling Point: not applicable Vapor Density. not applicable
Melting fFreezing pt:  159. 193°C Specific Gravity: 134 g/emy?
Solubility: Alcohgy, acetone, prop, glyco) Partition Coefr. {iog Po): 1.68

120 ppm (water) Combustibijity. 2@ 100°C

Dust Explosion Class; 2.3 (Hartmagnp tube); Hazarg Class for Milling: ;. Hazard Ciagg for Drying: ¢

Hazardoys Polymen'zation:

Conditions and Materjajs to Avoid:
Incompatibility

Hazardoys Decompositioy, Products;

LﬁCHON 11, TQXTCOLO_GIC{!& INFORM: TION " BRI

Yes

May emit 1oxic nitrogen oxide Vapors when heated 10 decomposition,

- .
Yot

Eye Irritation;

Skin Irritatiom’Sensilizaﬁon:

Oral Toxicity;

Dermal Toxicity;

Inhalation Toxicity;

Subchronic:

Tegretol® Active Ingredient (Al)
Approval Dage: 13 December 1905
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Minjmaliy im't::ting 10 the eyes of 2ibino rabbits.

Non-im'ming W the skin of albino rabbjts.

LDS(J (Rats) = 1957 mg/kyg; LD, {Mice) = 539 mgikg
LDSD (Rabbits) = 2680 meikg; LDsa (Dags) = 3620 mg/kg
<D, (Guinea Pig)= 929 mp/kg

LD, (Rabbits) »3,00p mg/kg. Barely perceptible sip Imitation was observed,

LC50 {Rats) > 340 mg/m3 air following a4 hoyr SXposyra,

Albino maje Tas were injectaq with carbamazepine for 3 months
immedi tely after weaning, A decrease in Prostate weipht was found i

the treared rar5, o lowered epididymal SPErm content was Gbserved which did
not affect fertility.

Page 5 of g
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Chronic/Carcinogenicity: Experimental carcinogen. In a 2 year feeding study 1n rats, a dose-related
increase in the incidence of hepatocellular tumors in femnales and of benign
interstiial cell adenomas in the testes of males were observed at doses of 25,
75, and 250 mg/kg/day.

Mutagenicity: Bacterial and mammalian mutagenicity studies using carbainazepine produced
ncgative results.

Reproductive Effects: FDA Use-in-Pregnancy Category C: Risk cannot be ruled out.
Tegretol has been shown to have adverse effects in reproduction studies in rats
when given orally in dosages 10-25 times the maximum human daily human
dosage of 1,200 mg. In rat teratology studies, 2 of 135 offspring showed
kinked ribs at 250 mg/kg and 4 of 119 offspring at 650 mg/kg showed other
anomalies. In reproduction studies in rats, nursing offspring demonstrated a
lack of weight gain and an unkempt appearance at a maternal dosage level of
200 mg/kg. Rats receiving carbamazepine in the diet for 2 years at dosage
levels of 25, 75, and 250 mg/kg/day had a dose-related incidence of testicular
atrophy and decreased =7 erm production.

SECTION 12. ECOLOGICAL INFORMATION. ; -« _: o= Had5ia

Tt SnEd
D AT

Minimum Inhibitory Concentration (MIC):
Aspergillus niger > 1000 mg/L
Trichoderma viride > 1000 mg/L
Clostridium perfringens > 1000 mg/L
Bacillus subtilis > 1000 mg/L
Nostoc sp. > 1000 mg/L

Median effect concentration: EC, (Daphnia magna Straus 1820)=92 mg/L. (24 hour; static test conditions)

Median lethal concentration: LC50 (Zebra fish - Brachydanio rerio} = 43 mg/L. (96 hour; static test conditions)

SECTION'13: DISPOSAL CONSIDERATIONS: . =

Waste Disposal Method: All waste must be disposed of in accordance with local, state and federal laws and
regulations. (Contact local or state envirenmental agency for specific rules).

EPA Hazardous Waste Number: None

Tegretol® Active Ingredient (A1) Page 6of 8
Approval Date: 15 December 1995
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SECTION 14. TRANSPORTATION INFORMATION . ~ = -~ swwmifge oiom g o )

DOT Shipping Name: Drugs, N.O.I. NMFC ltem 60000
Symbols: None

DOT Hazurd Class: None

DOT Identification: None

Packing Group: None

Hazard Label: None

Exceptior.: None

Non-Bulk Requirements; None

Bulk Requirements: Nonz

Max, Passgr. Air/Rail: None

Max, Cargo Unly Air/Rail: None

Stowage: None

Other Requirements: None

SECTION 15. REGULATORY INFORMATION . - . o "m-t'é‘fi.*f,-“;é.:;'*‘_.mnz,fvﬁ.;lviﬁ' e

OSHA (Occupational Séfety & Health Administration):  This Material Safety Data Sheei contains the information

required by the Federal Hazard Communication Standard (29
CFR 1910.1200).

OSHA PSM (Product Safety Management): Not regulated

NJ TCPA (Toxic Catastrophe Prevention Act): This matenal is not subject to the reporting requirements of
Section N.J.A.C. 7:31 of this act.

TS5CA (Toxic Substance Control Act): Not regulated
CERCLA (Comprehensive Response Compensation & Liability Act): Not listed
SARA Title Il (Superfund Amendments & Reauthorization Act):
Section 302 Exoremely Hazardous Substances: Not listed
Section 311/312 Hazard Categories: Immediate health, delayed health
Section 313 Tuxic Chemicals: Not listed
RCRA (Resource Conservation & Recovery Act): Not regulated

Other State Reguiatory Information:

New Jersey: NJ RTK Threshold Planning Quantity (TPQ) = 10,000 lbs.
Other USA Regulations: Ncne
California Proposition 65: The following statement is made in order to comply with the -

California Safe Drinking Water and Toxic Enforcement Act of
1986. This chemical is not known to the State of California to
cause cancer or reproductive toxiciry,

Tegretol® Active Ingredient (A L)

Page 7 of 8
Approval Date: 15 December 1995
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Canada: WHMIS Ingredient Disclosure List

Not listed

EEC Classification (European Economic Community):  Warning Symbol: not availabie
Risk Phrases: not available
Safety Phrases: not available
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Reason for Issue: Update to new format

Supersedes Date: 29 Nov 93
Written By: ¢, Perino Date: 15 Dec 95
Approved By: L Sinno Date: 15 Dec 95

To the best of our knowledge, the information contained herein is accurate. However, Ciba-Geigy Corporation does
not assume any liability whatsoever for the accuracy or completeness of the information contained herein except for
the product’s administration/use as intended. Final determination of the suitability of any material is the sole
responsibility of the user. All materials may present unknown hazards and should be used with caution. Although
certain hazards are described herein, we canrot guarantee that these are the only hazards which exist.

Tegretol® Active Ingredient (AL) Page 8 of 8
Approval Date: 15 December 1995




In separate communications to CDER, the applicant agreed to
reclassify appendices 2-4, 11, 12 and 24 as non-confidential.

The information in these appendices follows this page.




Ciba CONFIDENTIAL Appendix
Environmental Assessment Information Tegretok®-XR

Appendix 2

Description of environmental settings: Ciba Qverseas Facility - Schweizerhalle, Switzerland
{Section4.3.1))

CIBA-GEIGY Limited
Werke Schweizerhalle
CH-4133, Schweizerhalle
Switzerland

This CIBA-GEIGY Pharmaceutical Chemical production facility is located within the
"CIBA-GEIGY Werke Schweizerhalle AG” site. This site is sitvated in the industrialized
zone of Schweizerhalle, approximiately five miles east of the City of Basle, adjacent to the
Rhine River which is also the boundary to the Federal Republic of Germany. CIBA-GEIGY
works Schweizerhalle occupy an area of approximately 52 acres. Approximately 2,250
people are employed at the site. The surrounding neighborhood consists mainly of chemical
industry.

Air Resources

Air quality in this crea is in compliance with cantonal and federal standards set for sulfur
oxides, nitrous oxides and ozone.

Water Resources

Potable water is supplied by the public Hardwasser AG. Non-potable water is drawn from
wells within the works (Rhine water). The waste water streams stemming from chemical
production are separated into “polluted” and “non-polluted” (cooling water) waste water.
The “non-polluted” water is discharged directly into the Rhine River. The “polluted” water,
afier an on-site pretreatment (if necessary), as well as sanitary waste water and storm water
drainage goes to the "ARA Rhein"- a sewage treatment plant jointly used by the pubiic and
the industry. This is finally discharged into the Rhine River.

Land Resources

The Schweizerhalle site, a level terrain, lies over essentially sedimentary type formations. It
is fully developed, being covered by buildings, roadways and railroads.
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6.2. Controls in Effect

Air Controls

Air emissions stemming from the synthesis of bulk drug substances are controlled by
equipment such as surface condensers, brine-cooled vent condensers (- 15°C) and scrubber
systems operating wiih cither plain water or acidic, basic or oxidizing aqueous sclutions.

Air emissions from the on-site incinerator are controiled by a series of scrubbers operating
with aqueous absorption mediums. The equipment is in compliance with permits of the
Department of Commerse, Industry and Employment of the Canton of Basel-Landschaft
(= Amt fuer Gewerbe, Handel und Industrie des Kantons Basei-Landschaft) and the
Department of Air Pollution Control (= Lufthygieneamt).

Liquid Controls

All waste solvents are burned in an on-site incinerator. All process waste water goes, it
necessary after on-site pretreatment, to the "ARA Rhein”, a public-owred Joint Waste Water
Treatment Plant. The effluent of this plant is discharged into the Rhine River. This
procedure is in compliance with the permit issued by the Department of Commerce, Industry
and Employment of the Canton of Basel-Landschaft (= Amt fuer Gewerbe, Hande! und
Industrie des Kantons Basel-Landschaft) and the Water Protection Agency (= Kantonales
Gewaesserschutzamt).

Solids Controls

All solid process residuals (like dusts, filter residues or rejected production material) are sent

to the rotary kiln, working at approximately 1200°C owned by CIBA-GEIGY at its Basle
sitz.

6.3. Citations

All the Ciba-Geigy facilities in Switzerland must be in compliance with the following
regulations issued by the Swiss Federal Government:

Alir Citations

Federal Air Pollution Control Regulation = "Luftreinhalteverordnung” (LRV! 814.318.142.1
(12/16/83, latest edition 1/1/87).

Water Citations

Federa) Regulation to Introduce Waste Waters into Rivers and Lakes = "Verordnung ueber
Abwassereinleitungen" 814.225.21 (12/8/75, latest edition 4/1/87).
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Solid Waste Citations

Federal Regulation for the Transport and Disposal of Special Waste = “Verordnung ueber
den Verkehr mit Sonderabfaellen," 814.014 (117186 latest edition, 1/10/89).
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Appendix 2

Description of environmental settings: Ciba Overseas Facility - Klybeck, Switzerland
(Section 4.3.1.)

CIBA-GEIGY Limited
Werke Kiybeck
Klybeckstrasse 141
CH-4002 Basel
Switzerland

This CIBA-GEIGY Pharmaceutical Chemical production facility is located within the
Klybeck site (100 acres) of CIBA-GEIGY Ltd. works in the City of Basle (population
180,000), at the northern end of the urban industrialized areas of the town, close to the
borders of the Federal Republic of Germany and France. The agglomeration Basle, situated
in Switzerland, France and Germany, has a population of approximately 500,000 people.
The site is partly adjacent to the Rhine River; the small Wiese River divides the area. The
surrounding neighborhood includes, among others, a food processing plant, transportation,
printing and retail businesses as well as a Jarge number of dwellings. In Basle, CIBA-

GEIGY occupies an area of approximately 130 acres. Totally, over 11,000 people are
employed.

Air Resources

Air quality in this area is in compliance with cantonal and federal standards set for sulfur
oxides, nitrous oxides and ozone.

Water Resources

Potable water is supplied by the Ciiy of Basle. Non-potable water is drawn fror: the Rhine
River by filtration. Storm water drainage and sanitary waste water are discharged to the City
of Basle “ewage Treatment plant and then to the Rhine River. The waste water streams
stemming from chemical production are separated into “polluted” and “non-polluted”
(cooling water) waste water. The “non-polluted” water is discharged into the Rhine River.

The “polluted” water goes to a Chemical Waste Water Treatment plant where it is finally
discharged into the Rhine River. :

Land Resources

The site 1s on level terrain and lies over essentially sedimentary type formations. It is fully
developed, being covered by buildings, readways and railroads, and is sparingly landscaped.
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6.2. Controls in Effect

Air Controls

Air emissions stemming from the synthesis of bulk drug substances are controlled by
equipment such as surface condensers, brine-cooled vent condensers (- 15°C) and scrubber
systems operating with either plain water or acidic, basic or oxidizing aqueous solutions.

Air emissions from the on-site incinerator are controlled by a series of scrubbers operating
with aqueous absorption mediums. The equipment is in compliance with permits of the
Construction Supervision Department of the Canton of Basel-Stadt (= Bauinspektorat des
Kantons Basel-Stadt) and the Department of Air Pollution Control (= Kantonales
Lufthygieneamt).

Liquid Contiolé

All waste solvents are burned in an on-site incinerator. All process waste water goes to the
on-site Chemical Waste Water Treatment system which consists of stripping the volatile
solvents, neutralization, flocculation, separation of solids and biological treatment. The
resuliing waste water is discharged to the City of Basle Sewage Treatment plant and finally
into the Rhin. River. This procedure is in compliance with the permit issued by the
Construction Supervision Department of the Canton of Basel-Stadt (= Bauinspektorat des
Kantons Basel-Stadt) and the Water Protection Agency (= Kantonales Gewasserschutzamt).

Solids Controls

All solid process residuals (like dusts, filter residues or rejected production matenal) are
burned on-site 1n a rotary Xiln at approximately 1200°C. The residues of the incineration
process are washed with water (which is fed to the industrial waste water pipe system) and
then sent off site for disposal. The incinerator plant must operate in conformance with
permits issued by the Swiss Association of Owners of Pressure Vessels (= Schweizerischer
Verband der Druckbehaelterbesitzer) and the Construction Supervision Department of the
Canton of Basel-Stadt (Bauinspektorat des Kantons Basel-Stadt).

6.3. Citaticns

All the Ciba-Geigy facilities in Switzerland must be in compliance with the following
regulations issued by the Swiss Federal Government:

Air Citations

Federal Air Pollution Control Regulation = "Luftreinhalteverordnung” (LRV) 814.318.142.1
(12/16/85, latest edition 1/1/87).
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Water Citations

Federal Regulation to Introduce Waste Waters into Rivers and Lakes = "Verordnung ueber
Abwassereinleitungen” 814.225.21 (12/8/75, latest edition 4/1/87).

Sclids Citations

Federal Regulation for the Trunsport and Disposal of Special Waste = "Verordnung ueber
den Verkehr mit Soncerabfaellen,” 814.014 (11/12/86 latest edition, 1/10/89).
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Appendix 3

Description and map of environmental settings of Ciba facility: Suffern, NY
(Section 4.3.3.)

Ciba-Geigy Corporation
rharmaceuticals Division
25 Old Mill Road
Suffern, New York 10901-7914

This Ciba phammaceutical manufacturing facility is located in the Villages of Suffem and
Montebello, Rockland County, New York (combined population 14,950) on 162 acres,
approximately 30 miles northwest of New York City. The manufacturing facility, which resides
within the boundaries of the Village of Suffern, consists of two main buildings, a new docking
facility, an automated warehouse structure and several auxtliary buildings with a cornbined total
floor space of approximately 454,000 square feet. The site is bounded by the New York State
Thruway on the north, Hemion Road on the east, the Conrail Piermont Line on the south and the
Plaza Material Corp. quarty on the west. Wooded ridges on its east and west sides border a flat
valley where the facility, parking area and landscaped area lie. The site employs an average
workforce of appioximately 550 people. The surrounding neighborhood includes retail businesses,
light industry and private residences. The topography of the region is varied. The climate is
temperate, with an «.. 2rage annual rainfall of 43.5 inches. A map of the facility follows.

Terrain - The developed portion of the site, approximately 33 acres, is generally flat, with an
average elevation of approximately 320 feet above sea level. The nature of the soil is characterized

as glacial deposits, consisting of sand, gravel and a tifl mixture of sand, gravel, boulders and clay,
with sandstone and shaie bedrock.

Water Resources - The Suffer facility is located in a drainage basin with a total of 295 acres.
Dunng storm events, stormwater runoff from this basin is channeled naturally through the Ciba's
property, eventually discharging through a culvert under Route 287, to Lake Antrim, which
eventually feeds into the Mahwah River. Stormwater runoff from the facility is directed to this
system through a standard gravity-flow conduit system designed specifically for stormwater runoff
conveyance. Four (4) distinct wetland areas have been delineated at the site, totaling 18.6 acres.
Nene of these areas fall under the New York Depantment of Environmental Conservaiion
(NYDEC) regulations geveming wetlands protection (12.4 acres or greater).
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However, three of these four wetiands areas do fall under both Federal Clean Water Act (CWA)
regulations and the US Army Corps of Engineer Environmental Protection Regulations.

Process and domestic wastewater are conveyed from the facility via a gravity sewerage system
to an on-site sewerage pumping station. This flow is then directed to the Village of Suffern
publicly owned treatment works (POTW) at an average flowrate of 118,00C gallons per day
(GPD). This POTW i designed to process 1.8 million gallons per day (MGD). The POTW
regulates the Suffern facility for its discharge through a Federally-authorized pretreatment
permit program. This program :egulates the facility for flow, pH, biochemical oxygen demand
(BOD), total suspended solids (TSS), toluene and methylene chloride. Reporting is submitted
01 a semj-annual basis.

All domestic and fire protection water is purchased from the Village of Suffern, which operates
a well field, and is interconnected with the Spring Valley Water Company for supplemental
purposes.

Alr Quality - Suffern is part of the air quality geographical area regulated under the New York
-New Jersey - Connecticut Interstate Air Quality Control Region of the Environmental
Protection Agency (EPA). Locally, Suffern air quality is regulated by both the NYDEC and the
Rockland County Department of Health. Enforcement issues are handled joinly.

Regional air quality designations are given in Part 81 of the 40 Code of Federal Regulations
(CFR). Suffern is currently in compliance with the National Ambient Air (Quality Standards
(NAAQS) for particulate matter, mirogen dioxide, sulfur oxides and carbon monoxide.
However, Suffem, along with the entire State of New York, is in non-compliance with the
NAAQS for ozore.

Emissions of regulated substances into the air are repori~¢ to Federal, state and local authorities
under Titie Il of the Superfund Amendments and Reauthurization Act of 1986 (SARA).

SARA Tiue Il requires affected facilities to track and submit emission inventories annually.

Ciba-Geigy Corporation has been meeting the requirements of SARA Title II since the
inception of the program in 1987 and will continue 1o comply. New York is required to submit
to the EPA 2 State Implementation Plan (SIP) detailing how New York meets all Federal air
quaiity requirements. Ciba fully complies with the SIP outlined by New York. The Clean Air
Act Amendments of 1990 promulgated many new air regulations. New York is currently

revising their SIP to reflect these new regulations. Ciba intends to fully comply with the new
SIP.
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In the State of New York, air emissions are regulated under Title 6 of the New York State
Codes, Rules and Regulation (NYCRR). As required by these regulations, Ciba maintains an
active air permit program. All permits have heen, and will continue to be, renewed and updated
as process/facility changes occur. New permits will be obtained as required. Where
appropriate, Ciba has installed state-of-the-art pollution controls to minimize air emissions. In °
addition. stack rests have been, and will continue to be, performed for all relevant emission
peints tu ensure compliance.

In the County of Rockland, air emissions are regulated under Article XII of the Sanitary Code
of the County of Rockland. As required by County regulations, Ciba maintains an active air
permit program. All permits have been, and will continue to be, renewed and updated as
changes occur.”’
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Appendix 4

Description and map of environmental settings of Ciba facility: Summit, NJ
(Section 4.3.3))

Ciba-Geigy Corporation
Pharmaceuticals Division
556 Morris Avenue
Summit, New Jersey 07901-1298

This Ciba Pharmaceutical Division facility is located on approximately 88 acres of land in the
City of Summit (population 25,000), Union County, New Jersey, approximately 30 miles
southwest of New York City. The site consists of forty-five buildings covering over 2.2
million square feet and employs an average work force of approximately 2,200 people. It is
adjacent io the Passaic River, a source of potable water. The surrounding neighborhood
includes retail busitesses, light industry and private residences. The topography of the region
is vanied. The climate is temperate, with an average annual rainfall of 43.5 inches. A map of
the facility from the site’s Emergency Response Plan follow..

Terrain - The 92 acre site lies over essentially sedimentary type formations and glacial till.
The majority of the site, which is level terrain, is developed, covered by buildings, roadways
and parking lots, with landscaped areas.

Water Resources - The Summit facility is located within the Passaic River watershed basin.
The facility's siormwater drainage sy:ter.: consists of a complex network of conduit, which
ulimately discharges to the Fassaic River via four (4) outfalls. The system also accepts
stormwater runoff from the city of Summit. The four (4) outfalls possess a New Jersey
Pollutant Discharge Elimination Systemn (NJPDES) permit regulating this discharge to the
Passaic River. Non-contact cooling water originating from the overflow of a 65,000 gallon
recycled cooling water tank is permitted to be discharged to the Passaic River. Both discharges
arc analyzed for conventional pollutants and reported on a monthly basis.

Process water, as well as domestic water, is derived from two (2) sources: one drawn from

four (4) private, on-site production wells and the other purchased from the local water
purveyor, American Water Company. The production wells are regulated by the state of New
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Jersey through a Water Allocation Permit. The Summit facility is allowed to draw 2 maximum
volume of 24.5 million gallons of water from these wells per month. The total volume passes
through an on-site chiorination system. Domestic purchased water usage volumes range from
18 to 22 million gallons per month. The depth of the production wells are apptroximately 800
feet deep. The primary aquifer affected by the pumpage of these wells is the Towaco
formation, consisting of fractured shale, siltstone, and sandstone.

The Towaco formauon is overlain by a glacial till deposit/weathered bedrock zone. The
facility possesses a state-administered discharge-to-groundwater permit (DGW), which has
been incorporated info the NJPDES DGW Permit. This permit has required the installation of
thirteen (13) groundwater monitoring wells within the glacial til/weathered bedrock zone.
Trace amounts o ~°ntaminants have been detected in the groundwater from this zone.
However, this groundwater is not hydrauvlically connected to the water-bearing forrnation
currently utilized for production/domestic usage on site. Ciba is in the process of installing
additional monitoring wells to further delineate shallew contamination.

All pharmaceutical related wastewater from the site are conveyed to an on-site pretrcatment
system through a dedicated sewerage system. The pretreatment system consists of equalization
and pH neutralization using carbon dioxide and sodium hydroxide. Process wastewater from
this pretreatment system is discharged to the Essex/Union Joint Meeting POTW at an average
flowrate of 550,000 GPD. Domestic sanitary flows from the facility are also discharged via a
network of domestic sewerage conveyances 1o this POTW. The facility possesses a permit to
discharge from the pretreatment facility administered by the POTW Pretreatment Program.

Alr Quality - Summit is part of the air quality geographical area regulated under the New
York -New Jersey - Connecticut Interstate Air Quality Control Region of the EPA. Locally,
Summit air quality is regulated by both the New Jersey Department of Environmental
Protection (NJDEP) and the Union County Regional Environmental Health Commission
(UCREHC). Enforcement issues are handled jointly.

Regional air quahty designations are given in 40 CFR, Part 81. Summit is currently in
compliance with the NAAQS for particulate matter, nitrogen dioxid-., sulfur oxides and carbon
monoxide. However, the city of Summit, along with the entire State of New Jersey, is in non-
attainment with the NAAQS for ozone.

Emissions of regulated substances into the air are reported to the Federal, state and local

authorities under SARA Title . SARA Title Il requires affected facilities to track and
submit emission inventories annually. The Summit site has been meeting the requirements of
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SARA Title IL since the inception of the program in 1987 and will continue to comply. New
Jersey is required to submit to the EPA a SIP detailing how New Jersey meets all Federal air
quality requirements. Ciba-Geigy fully complies with the SIP outlined by New Jersey. The
Clean Air Act Amendments of 1990 promulgated many new air regulations. New Jersey s

currently revising their SIP to reflect these new regulations. Ciba-Geigy intends to fully
comply with the new SIP.

In the State of New Jersey applicable air emissions are regulated under Chapter 27 of the New
Jersey Administrative Code (NJAC). As required by New Jersey regulations, Ciba-Geigy
maintains an aclive air permit program. All permits have been and will continue to be renewed
and updated as process/facility changes occur. New permits will be obtained as required.
Where appropriate, Ciba-Geigy has installed Continuous Emission Monitoring (CEM) devices
10 quantify, and state-of-the-art poltution controls to minimize, air emissions. In addition,
stack tests have been, and will continue to be, performed for all relevant emission points te
ensure compliance. NJDEP requires facility-wide annual emission inventory as well as annual
and quarterly emission reponting for some emission points. Ciba-Geigy has complied with this
requirement and will continue to do so.

In Union County, air emissions are regulated under the Air Pollution Code of UCREHC.
Under Ordinance Number 02-1989 adopted by this code, all commercial and industrial air
pollution sources require registration. Ciba-Geigy has registered all applicable sources. This
ordinance is currently’ being revised by the UCREHC. Upon completion of the revision,
UCREHC will inform all affected faciliies of the appropriate registration renewal
methodology. Ciba-Geigy expects to be in compliance with the revised ordinance.
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BAUDEPARTEMENT

LIS RANTONS BASEL - STADT

ENVIRGNMENTAL PROTECTION CERTIFICATE

1. The company CIBA-GEIGY LTD operates facilities for chemical
and phermaceutical manufacturing at the following address:

CIBA-GEIGY Ltd.
Kiybeckstrasse 141
CH-4002 Basel
Switzerland

2. These production facilities may only operate in accordance
with permits issued by the responsible Authorities. In the
permits are laid down the purpose for witch buildings and

plants may be used and the legal conditions with which the
Company must comply.

3. The above-described permits also cover the preparation of
the Active Substance
TEGRETOL
4. All buildings and plants of the company CISA-GEIGY LTD must

con' ly with the federal and cantonal laws and regulations
concerning safety, protection of the enviromnment and
working conditions.

5. The relevant departments of the Cantonal Authorities
perform periodic inspections.

6. It can here be stated that the undersigned Governmental
Office has proved the correct building and producing
permits are given.

BAUDEPARTEMENT BASEL.STADT
De: Pepartememssekretar

B 1, 30. Juni 1992
ase uni /// Y
L (A
%

/ r. G. ViSChOf
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Pharmaceuticals Division @ []

Ciba-Geigy Corporation
556 Morris Avenue

Summit, NJ 07901-1398
Telephone 508 277 5000

Appendix 12
Statement of Compliance

Ciba states that it is compliance with, or on a schedule to be in compliance with, all
requirements set forth in all applicable Federal, state and iocal statutes and regulations, as
well as permits, consent decrees and administrative orders applicable to the manufacture

and packaging of Tegretol®XR at our Pharmaceutical production facilities in Suffern,
New York and Summit, New Jersey.
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Steve J. Lesko, CSP
Environmental Compliance Officer/Waste, HS&E

EMPLOYMENT

Mr. Lesko has been employed by Ciba Corporation, Pharmaceuticals Division in Summit, New
Jersey since May 1994. As Environmental Compliance Officer/Air, Mr. Lesko has the
responsibility of regulatory compliance for all medical, hazardous and non-hazardous
pharmaceutical wastes for the Summit site. In addition to the Environmental Compliance
Officer/Waste responsibilities, Mr. Lesko is also currently responsible for managerial and daily
operations of the Environmental section for the Divisicn.

Prior to assuming the above-noted responsibilities, Mr. Lesko was employed by Ciba
Corporation, Pharmaceuticals Division and held the position’s of Complian:e Auditor and
Industrial Hygienist since November, 1988. Before joining Ciba, Mr. Lesko worked for
Beecham Laboratories as an Industrial Hygienist, for Clayton Environmental Laboratories as an
Associate Industnial Hygienist and for Princeton Testing Laboratonies as an Industrial Hygiene
Technologist. .

PROFESSIONAL ACTIVITIES

Mr. Lesko 1s a member of the national and local sections of the American Industrial Hygiene
Association and the American Society of Safety Engineers, and the Environmental Auditing
Roundtable.

EDUCATION

Mr. Lesko holds a Bachelors degree in Biology from the Ramapo College of New Jersey and is
currently pursuing a Masters degree in Environmental Science from the New Jersey Institute of
Technology (expected graduation May, 1996).

CERTIFICATIONS AND LICENSES

Mr. Lesko also holds the designatior: of a Certified Safc.y Professional (CSP) from the A mes an
Society of Safety Engineers.
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Peter Leung
Environmental Compliance Officer/Air, HS&E

EMPLOYMENT
Mr. Leung has been employed by Ciba Corporation, Pharmaceuticals Division in Summit,
New Jersey since June 1991. As Compliance Officer/Air, Mr. Leung has the responsibility of

regulatory compliance for all air emissions for the Summit site. Prior to joining Ciba, Mr. Leung
worked for Stone and Webster Engineering Corporation as an environmental engineer.

PROFESSIONAL ACTIVITIES

Mr. Leung is a member of the American Institute of Chemical Engineers and the Air and Waste
Management Association.

EDUCATION

Mr. Leung holds a Bachelor degree in Chemical Engineering from The Cooper Union, School of
Engineering.
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Lisa A. Lumia
Technical Coordinato:. Drug Regulatory Affairs

EMPLOYMENT

Since June 1984, Ms. Lumia has been employed by Ciba Cr. zporation, Pharmaceuticals Division
in Suffern, New York. As a Technical Coordinator, Ms. Lumia is responsible for the preparation
and maintenance of contrsl documents for marketed and investigational compounds;
organization and compilation of the chemistry, manufacturing and controls section of Original

INDs and NDAs and subsequent submissions to support the IND or NDA; and the preparation of
responses to FDA concermns regarding technical issues.

PROFESSIONAL ACTIVITIES

Ms. Lumia is a member of the American Association of Pharmaceutica! Scientists.

EDUCATION

Ms. Lumia holds a Bachelors degree in biology from Lafayette College, Easton, Pennsylvania.
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Chrisiopher R. Perino
Occupational Toxicologist, HS&E

EMPLOYMENT

Mr. Perino has been employed by Ciba Corporation, Pharmaceuticals Division in Summit, New
Jersey since November 1992, As an Occupational Toxicologist, Mr. Perino has the responsibility
of OSHA Hazard Communication compliance for the Pharmaceuticals Division. Prior to joining
Ciba, Mr. Periro worked for Gibraltar Biological Laboratories as Manager of Toxicology and
Administration. .

PROFESSIONAL ACTIVITIES

Mr. Perino is a member of the Occupational Toxicology Roundtable, Society of Toxicology
(Mid-Atiantic chapter) and the Socieiy for Chei.ucal Hazard Communicatien.

EDUCATION

Mr. Perino holds a Masters degree in Biology from Moantclair State College and a Bachelors
degree in Biology from Villanova University.

PUBLICATIONS

Chemical TIMES & TRENDS: 21-28, Qct. 1991.
Chemical TIMES & TRENDS: 28-31, Jan. 1992.
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Joyce Ann Sinno, Ph.D.
Environmental/Occupationai Toxicologist, HS&E

EMPLOYMENT

Dr. Sinno has been employed by Ciba Corporation since November 1990 as Environmental/
Occupational Toxicologist for the Pharmaceuticals Division. In addition to responsibilities
associated with her pesition as Occupational Toxicologist, Dr. Sinno’s environmental

responsibilites include the preparation of Environmental Assessments for NDA and IND
submuissions. Dr. Sinno was previously emploved by Pfizer Pharmaceuticals.

PROFESSIONAL ACTIVITIES

Dr. Sinno is a member of the Mid-Atlantic Chapter of the Society of Toxicology, and a full
member of the American Industrial Hygiene Association.

EDUCATION

Dr. Sinno holds a Bachelors degree and a Masters degree in Pharmaceutical Toxicology and a
doctoral degree in Biochemical Toxicology from St. John's University College of Pharmacy and
Allied Health Prefessions.

PUBLICATIONS

Biol. Trace Element Res. 20: 153-160, 1989.
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