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Amide Pharmaceutical, Inc.
Attention: Jasmine Shah
Director, Regulatory Affairs
101 East Main Street
Little Falls, NJ 07424

Dear Sir:

This is 1in reference to your abbreviated new drug application
dated Qctober 21, 1997, submitted pursuant to Section 505(7)
of the Federal Focd, Drug, and Cosmetic Act (Act), for
Digoxin Tablets USSP, 0.123 mg and 0.25 mg.

Reference is also made to your amendments dated January 28,
February 22, March 18, March 26, August 11, November 12,
November 24, and December 21, 19995.

We have completed the review of this abbreviated applicaticn and
have concluded that the drug is safe and effective for use as
recommended in the submitted labeling. Accordingly, the
application is approved. The Division of Biocequivalence has
determined your Digoxin Tablets USP, 0.125 mg and 0.25 mg, to be
bicequivalent and, therefore, therapeutically equivalent to the
listed drug (Lanoxin® Tablets, 0.125 mg and 0.25 mg,
respectively, of Glaxo Wellcome, Inc). Your dissolution testing
should be incorporated into the stability and quality control
program using the same method proposed in your application.

Under secticn 506A of the Act, certain changes in the conditions
described in this abbreviated application require an approved
supplemental application before the change may be made.

Post-marketing reporting requirements for this abbreviated
application are set forth in 21 CFR 314.80-81 and 314.98. The
Cffice of Generic Drugs should be advised of any change in the
marketing status of this drug.

We request that you submit, in duplicate, any proposed
advertising or promotional copy that you intend to use in your
initial advertising or promotional campaigns. Please submit all
propeosed materials in draft or mock-up form, not final print.
Submit both copies together with a copy of the proposed or final



printed labeling to the Division of Drug Marketing, Advertising,
and Communications (HFD-40). Please do not use Form FD-2253
(Transmittal cf Advertisements and Promotional Labeling for Drugs
for Human Use) for this initial submission.

We call your attention to 21 CFR 314.81(b) (3) which requires that
materials for any subsequent advertising or promotional campaign
be submitted to our Division of Drug Marketing, Advertising, and
Communicaticns (HFD-40) with a completed Form FD-2253 at the time
of their initial use.

Sincerely vours.

/81~ 793

roger L. Williams, M.D
Director, Office of Pharmaceutical Science
Center for Drug Evaluation and Research
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PRODUCT INFORMATIO
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DESCAIPTION: LANOXIN (digoxiny 15 one of the cardiac (or digitalis)
Qhycosudes, 2 closely rel;ted @oup of drugs having in commaon speulic
eifects of the myocardium. Thase drugs are lound in a number of
plants. Digoin is eracted Irom the leaves of Digitalis nata The
%‘T ;:I:qrﬂ::' 15 used 12 designate the whoie group of giveosides,

'h8 glycosides ars compasad of two portons: a s and a cardeno-
lide (hence “giycosides™) el e

Digaoxn is descnied chemcally as (36,50.120-3-[(( H
2,5-d|dooxy-ﬂ-0ﬂbo»he.«uuyranosw-( 1—d}--2 8-
dideoxy--0-rbo-hexopyranosyl- 1 —4)-2, B-tidaoxy-i-
D-nbo-hexopyranasytoxy|-12. 14-gihydroxy-card-
20:(22}-snolide. it Molecuiar formulz (s
CacHeaOse, its molecutar waight 1s 780 95,
ang its structural formula is:

Diguadr axists s adaress while
crystats that mett with decompos:- H
lian above 230°C. The drug 15 rac- o
tically nsolubla in water ant in
ether, slightly solubte in diluted
{50%) alcanal and in chigratorm: T
ana fresly soludle in pyndine. -

LANOXIN is suppiied as 125-mcg b
{0.125-mg) or 250-meg (0.25-myq) tadists for orm Amimstration
Each tabiet comains the labsied amount ot digain USP and the fol-
lowing nactive ingredients: corn and potatg starches, lactosa, and
MAQnesium stearals, (n adarion. the dyes used in the 125-mcg
(0.125-my) tablets are DAC Yallew No. 10 and FDAC Yetow No_ §.

CLINICAL PHARMACOLOGY: Mechanism of Action: Digoxin invibits
sodium-gotassium ATPase, an enzyma that raqulates the quantity of
s0dium and powssium inside caks. Intikition of the enzyme iaads I
an increase in the intracaliular concantration of sodium and thus {by
SEmulation of ScdiuM-calium AKchange) an incrasse in the intracalluiar
concantration of caicum. Tha beneficial effects of digoxin rasuft trom
direct actions on cardiat muscle, as weil as indirect actions on the
cardigvascular system mediatad by affacts on the autanomic RErvous
systam, The autonomic efects include: (1} 2 vagomimetic action,
which is resgansible tar the eflects of digoxin on tha singatrial and
atnoventricular (AV) nodes: and (2) barorecentor sensitization, which
results in increased alerent inhibitory actvity and reduced activity of
the sympathetic nenvous system and renin-angiotensin System for any
grven inCremant i mean anenai pressure, The ic tonse-
quances of thass dirszt and indirect sffects are: {1) an increasa in the
force and velocry af myocardial systolic comraction (positive inotrapic
acon); (2} a decrease in the degree of activation of the Sympathatic
Mervous system and renur-angiotensin systam (neurohonmonai deacti-
valing ettect); and (3) slowing of the heart rate and dacreasad conduc-
tion velocity through the AV noce (vagomimalic sffact). The sftects of
digoxin in heart failure ars mediated by it positive notrogse and neu-
rohormonal deactivating effects. whereas the etfects of the dnw in
atrtal arTmythumias ara related to its vagomimetic actions. In Higehe
goses, digoxin increases sympathetic autiow from the centrai ner-
vous systam (CNS). This increase in sympathatic activity may ba an
important facter in digitalis toxcity.

Pharmacokinatics: Absargtion: Fallawing oral adminisiration, peak
sarum concantritions of digoxin ocewr 2t 110 3 hours. Absorption of
digoxin from CANOXIN Tablets has besn demonstrated to be 60% to
80% complete compared to an igentical intravenous dose of digoxin
(absolute bioavarability} or LANOXICARS™ {relatwve Dicvailability;.
Whan LANOXIN Tablets are taken after meals, the rate of absorption

is siowed, but the total amount of Gigoxin absorbed is usually
unchangad. When taken with meals bigh in bran fiber. howevar, tha
amount apsorbed from an oral dose may be reduced. Comparisons of
the systemic availabiity and equevalent doses for oral preparations of
LANGCXIN are shown in Table 1:s

Table 1: Comgarisans of the Systamic Availabllity and Eguivafent
Oases tor Oral Preparations af LANOXIN

LAMOXIN Elbxr Fediatric. squivalent 10 100 mog LANOXIGAPS ~
. squivaient to 100 mcg LANOXIN Injaction/V.
mmmmmamsmmm
:mmmm(-.q.mmmmmm

gut Data sugpest that ane in ten patisnts treatad with digosdn
thbiets will degrade 40% or more of the ingesied dose. As & fasult,
certain antibiotics may incraase the absorption of digaan in such
fratients. Although inactivation of thase bacteria by antinictics is rp,
the sarum digoxn concantration will risa at a rata consistant with he
sllmination half-fs of digoxin. The magnituda of ise in serum digoxin
concantration ralates o the sxtent of bactenal inactivation, and may be
as much as two-fold in some cases.

Distridution: Fotiowing drug administration, a 6- to 8-hour tissue

.

distribution phasa is absarved. This is fotlowad by a much more grad-
Gal dettine in the serum concentration of the drug, which i§ dependent -

on the eiimination of digoxin from the dody. The peak height and

T thope of the eady portion (absorpticnvdistnibution phases) of the

sarum concentration-time curve rs depandent ugan te courte of
administrason and the absomtion characteristics of the formuiation.
Clinical evidence indicates that the early high serum concentrations da
ol raflect the concentration af digoxin at its site of action, but that
wilht chronic use, the steady-state post-distribution senim concentrg-
ons are in equilibrium with tissue concentrations and corelate with
pharmacologic stfects. In individual patients, thase post-distribution
sarum concentrations may be usetul in evaluating tharapeutic and
toxic effects (see DOSAGE AND ADMINISTRATION: Serum Digomn
Concentral

thans).

Digoxin is co)ncentr:uﬁ in tissues and therefore has 4 [ange appar-
a0t voiume of distribtion. Digaxin crosses both the blood-brain bar-
rier and the placenta. AL dalivery, the serum digoxin concentration in
the newbom s similar ta the serum cnnwﬂnﬁggdnau;e mother.
Approcirmately 25% of digoxin @ the plasma i bouad {0 proten.
Serum digaxin concentrations are not significantly aftered by targe
changes in fat tissua weight, so mhat its distribution Space correlates
best with laan (L., ideal) body weight, not fotat body weight.

Metaboiism: Ondy a small percentags (16%) of a dose of digoxin is
metaboiized. The snd metabolites, which inclutlife 3 lMl_ucxl‘qemn. 1-
keto-digoxigenin, and their glucuronida and sulfata conjugates, are
poiar in nature and are postuiated o be formed via ydrolysis, oxda-
tion, and conjugation. The matabolism of digoxin i not dependent
upon the cytachnoma P-450 system. and digoxn is not igiown to
inducs or inhibit tha cytochrama P-450 systam. )

Excration: Elimination of digoxin follows first-order kinetics {that Is.
the quantity of digoxin eliminated at any tirme is proporhonal lo e
total body content). Foliowing intravenous administration to heatthy
volunteers, 50% to 70% of 2 digoxin dosa 1s excreted unchanged in
the urine, Renai axcretion of digoxin 15 proportional 1o glomerular fit-
Iration rate and is iargaly indépendent of uning flow. In heaithy volun-
teers with normnal renal function. digoxin has a haif-life of 1.5 te 2.0
days. Tha hait-iife in anunc patients 1s prolenged to 1.5 to 5 days.
Digaxin is nat effactively removed fram the body by dialysis, exchangs
transhusion, or during cardiopulmonary bypass becausa most of tha
drug Is bound to tissue and does not circulate in tha biood. )

Popalations: Race differences in digoxin pharmacokinetics
have not bead formally studied. Because digoxia is primarily elimin-
ated a8 unchanged drug via tha kidney and bacause there are rg
important differences 1n creatiminge clearance among races, phanmace-
Xinetic ditferences dus to race are not expected.

The claarance of digoxin can ba primtanly correlatad with renal func-
ton a8 indicated by creatinine clearance. The Cockereft and Gault for-
mula tor estimation of creatinine clearance includes age, body weight,
and gender. A tadle that provides the usual daily mantenance dose
raquirements of LANOXIM Tablets based on creatining claarance {per
70 k) ia prasantad in the DOSAGE AND ADMINISTRATION section.

Pasma digaxin concentration profiles i patients with acute hepati-
lis generaty telt within tha range of profiles in a group of heatthy
Subjocts.
mm:lcnanmm: and Clinicai EMacts: The times 1o onset of phar-
macologec effect and 10 peak etfect of praparations of LANOXIN zre
shawn in Table 2.

Table 2: Times to Onsst of Pharmacologle Eect and to
Paak EHect of Preparations of LANOXIN

i
£
i
H

at-cause or The trand was avident in
of patients with mild heant failure a3 well &3 more severs .
shown in Table 3 the affect on all-causa death

{zation was not much of the appare:

Table 3: Subgroup Analyzes of Martality and Hospity
Quring the First Twe Yaars Following Hand::lnl

Risk of An-Cause Risk of W
Mortality or Martaiit
Al-Cause Hospualizahon” | HF-Retateg Hoe
N Relative
N |Placeho skt IPtacebollaOxT
All patents 0.4
(EF 5 045) (6801] 404 ) 5 |masoo 294 217
096
NYHA LI 4571 549 M1 megoey 24z 173
0.9%
EF0.25045(4541 | 568 | 571 Lusl-lu 4| 10
098
CTR €055 [4d55( %61 563 jag-1. 9 180
088
NYHAI V(22241 g 556 80097 407 295
0.84
EF Q25 |2254| 677 637 Te0931 14 n
085
CTR>355 |2346| 887 850 HO77-094y 398 287
104
EF>045 (97| o1 | sas laaaomy i |

* Number of patients with an event dunng the tirst 2 years
rancomized patiants.

! Relative nsk (95% conticence interval).

* DIG Ancillary Stuey.

In situations wivara there is ng statistically signiticant ben
treatment evident trom a trial's pRMary endpoint, results pes
a secondary endpont Shoukd be interprelsd cautiousty

~ Chronic Alria Fibriffation: In patients witt: chronic aml
digoxin slows rapid ventncular rasponss rate in a linear des
raspense fashion trom 0.25 t0 0.75 mg/day. Digoxin shouid
used 1or ta treatment of munrloar%'facrrycarm

INDICATIONS AND USAGE:

Heaet-Failure: LANOXIN is indicatad for the traatment of mu
erate heart failurs. LANCXIN incraases lsft vantricular sjectio
and improves heart fadyre symptoms a8 svidencad by exarg
ity and haaet tailure-rslated hospitalizations and eMergency ¢
having no effect on mortakity. Whare possible. LANOXIN sna
used with a diuretic and an aNQ:otensin-converting enzyme i1
But an aptimal order for starting these three drugs cannot be
specifieq.

Atrial Florillation: LANOXIN is indicated for the contro) of ve
response rate in patients wath chromc atriai fibnilation.

CONTRAINDICATIONS: Digitalis giycasides are contraindicat
patients with ventricular fibrilation or in patients with a know
sénsinty to gigoxin. A Myparsansitivty reaction 1 gther aig:
preparations usually constitutas a contraindication to digoxin

WARNINGS:
Sinus Noda Disaase and AV Block: Becausa digonn stows s
and AV conduction, the drug commonly prolongs the PR inte
drug may cause sevars sinus Dradycardia or sinoatnat biock
Patients vath pre-gxisting sinus node diseasa and may cause
advanced or completa heart biock in patients with pre-sxistin
olete AV block. In such patients consideration should be gve
|.nsemcn of 4 pacemaker bafors traatment with clgn:un.

Product Tima to Onset of Efect” | Time to Peak £ffect”
LANOXIN Tablets 0.5 - 2 hours 2 - 6 hours
LANQXIN Efbdr

Podiatric; 0.5 - 2 hours 2 - § hours
LANOXICAPS 0.5 - 2 haurs 2 - 6 hours
LANOXIN Injectonty 5 - 30 minutes’ 1 - 4 hours

* Documented for ventricuiar resgonse rate in atnal fibrilabon,
nalrogic eflects and electrocardiogranhic changes
! Depending upon rate ol infusion

4 ENects: Digoxin produces hamedynamic improve-
ment in patisnts with heart failure. Short- and ong-term therapy with
the dnyg increases cardiac outiyl and lowers pulmonary artery pres-
sure, pMOnary capillary wedge peessurs. and systermic vascular
resistance. These hamodynamic effects are accompaned by an
increass in the laft ventrecular ejechion frachon and a decrease in end-
sysioiic and end-diastaiic dimensions. )

Chronic Heart Fgityre: Twn 12-week, double-dlind. placebo-con-
trolled studias enroiled 178 (RADIANCE tnal) and 88 (PROVED tnal)
patients wath NYHA ciass 1 or (1 heart fasure oréviousty treated with
digoxiny a diuretic, and an ACE inhstitar (RADIANCE anly) and ran-
dosmized them to placebo or treatment with LANOXIN. Both tnials
demonstrated bartar preservation al exercise capacily n patients ran-
domized to LANGXIN. Cantinued treatment with LANOXIN reduced the
risk of devaloping worsening heart faiure, as ewdenced by heart lail-
ure-netated hospitalizations and emargancy care and the need lor con-
fant heart failure therapy. The larger study also showed treat-

* For example. 125-meg LANOXIN Tablets squivaient to 125 mey
LANOXIN Elixit Padiaine equivalent 1 10C meg LANDXICAPS
equrvalent 10 100 meg LANCXIN ImectionIV.

_ In soms patents. crally administerse digoxin 15 converted to inac-
Tive reduction producis {e.g.. dihyarodigoxin} by colanic bactena in
the gul. Data suggest that 0ne in ten patients treated with cigawn
tablets wdl degrade 40% or mora of the ngestad dose. As a resull.
certan anlibichcs May increase the ansorption of digomin in such
panents. Althgugh macivalton of these bactena v INHNINIFS 1< Fama

{
!
Absalyte Equrvalent Doses {mcg)” I
Proguct Bioavaiiatmlity Among Dosage Fomis
LANOXIN Tablats 60-80% 1625 (125 | 260 | so¢
LANDXIN Eiir )
Pediatric 70-85% |525 [ 125 | 250 §00 )
LANOXICAPS® 90 - 100% | 50 100 ) 200 400
LANOXIN
Injection/V 100% 50 100 | 200 400

meant-related benafits in NYHA class and patiants’ global assessment.
In the smaler tnal, these trended in lsvgf ola lrenl;mm mulll:ﬁ:mer

The Digitalis investigation Group {DIG) man inal was 4 m A
randomized, double-blind, placatio-contraiied martality study of 6.501
patisnts with haart failura and left ventncular sjection ‘raction < 0.45.
Al randomization, 67% were NYHA class | of Il, 71% had heart fadure
of ischamic etiolofy, 44% had been recewing diqoxin, and most were
recening concomtant ACE infrbitor {34%) and diuratic (B2%}.
Patients ware randurmized 10 plavebo of LANOXN. the dose of which
was adjusted for the patient’s age, sex, l4an bady weight, and serum
creatinine (Sea DOSAGE AND ADMINISTRATION), an followed lor up
1o 58 months {median 17 montns). The medan daly dose prascribed
was 0.25 mg. Qverail afi-cause martaity was 35% with no dillerence
between groups {35% conlidence (imils lor relative nsk of 0.91 to
1.07). LANOXIN was associated with 3 25% reduchen in the numbar
of hospetalizatons for heart fadure, 3 28% reduction in the nsk of
pattant having at least one hosmikabzation for heart falyre. and a 6 5%
reduction in 101 hospnalizations (foe any cause!

Y AV Pathway {Wolll-Parkingon-White Syndroma):
intravenous digoxin therapy, same patiants with panoxysma:
rillation or fiutier and a coexisting accessory AV pathwiy hav
0peq increased antegrade conduction across the aCCeSS0rY p
bypassing the AV node, laading to a very rapid ventricular res
vaninculdr tibrillation. Uinless conduction down the accasson,
has Daen blocked (sither pharmacclogicaily or by surgery), di
should not be used in such patients. The treatment ot paroxy
Supsaventncular tachycardia in such patients 15 usually direct
Cargioversion.

Use in Patlants with Preserved Leit Ventricular Systotie Fur
Patients with cartain disorders iwvolving heart faire associat
preserved laft ventricular sjection traction may be particularty
lible 10 toxicity of the drug. Such disorders include restrictive
diamyopathy, constrictive pericarditis, amyloid heant disaase.
acule cor puimonale. Palients with idiopathic hypertrophic sul
stenosis may have worsening ot the outflow obstruction due *
inglroprc effects of digoxmn,

PRECAUTIONS: :
Use in Patiants with #mpairad Ranal Fenction: Digoxin is prr
excrated by the idnays; therefore, patients with impaired rend
lion requice smalfer than usual mamtenance doses of digaxin
DOSAGE AND ADMINISTRATION). Bacayse of the prolonged «
tion hyif-life. a longer pariod of time 95 sequired 10 dchieve an
new steady-state serum concentration n patients with renal
ment than in patients with normal renal function, If appropnat
N0t Laken to reduce the dose of digoxn, such patents are at h
for tomecaty, and toxic effects witl last longer i such pahents i
palients with narmal renat funclion. .
Us# in Patlents with Elactrotyte Disorders: In pateents with
ypokalemia or hypomagnasemia, togicity may accur despite -
digoxin concentrahons oelow 2.0 nd/mL, beacause potassium «
neswim depletion sensitizes the myocardium ta digoxin, There'
15 desirable 10 maintam normai seruth potassium and magnes.
Cantentratrons i patients being treafed with digomn. Deficienc
these eiectroiytes may resuit from mainptntion, darrhea, or pr
vomiling, as well as the use of the (ollawing drugs or procedu:
diuretics, amphotencin B, conicosteronds, antacids, dialysis. a0
machameal suchon al gasiraintestinal secretigns.
Hypercalcemia Iram any cause predisposes he pabent g &
toxicity Calcrum, particularty when agrmimistared rapidly by the
vennus route. may produce senous arrhytnmuas in dwpralized ¢
n the athar hand, Pypocalcemia can risllity the eHacts of mige
RETAANS "Hin AN in da ma .ok e
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710t tzken to raduce the dase of diqun, such patients are at high risk
for toxcity, and 1eac efects sl Last longer in such patients than in
pavents with normal renal function, .
Use in Patiants with Elsctroiyty Olsorders: In patients with

; of hypomagnesamia, lamcity may occur. daspite serm
digoxan mmﬂs belo-.;1 2.0 ng/mL_, becawse potissium or m?-
nesium sansitizes the myocardium to digoan. Therefor,
s desirable to maintain normal serym patassium and magnesium
concentrations in patients Jking traated with digoxin, Deficiencies of
thesa slectroiytes may result from mainutriticn, diarrhea. or projongad
vamiting, as wedl as the use of the loilowing dnugs or procedures:
dluretics, amphothricin B, corbcosterods, antacids, diaysis. and
machanical suction of gastromestingl secrations.

Hypercaicemd from any cause predisposes the patient 10 digitalis
touicity. Caleium, particularty when administared ragidly by the intra-
vencus route, may produce serious arrhythmas in digitalized patiants.
On the other hand. hypocaiceria can Aullfy the eHects of digoxin in

" huenans; thus, digoxin may be ineffectve until serum caicium is

restared to normal. These interactions are retated lo the fact that
digouin atfects contractility ang excriabibly of tha heart in a manner
similar 1o that of calcium. .

Use in Thyraid Oisorders and Hypermetaholic States:
Hypothyroidism may requce the requiraments for digoxin. Heart tai-
ure and/er atnal amhythmuas resuiting from hypermetabelic or hypar-
Qynamic staies {e.q.. hyperthyraidisn:, ypea, or artanovenous
Shunt) are best treied by addressing the undertyirig condition, Atnai
arrhythmias associated with hypermeadolic states ara particuiary
resislant 1o digoxin treatmant. Care must e takan 1o dvend toxicry if
gigexin 15 used.

Usa in Palients with Acute Myacardial Intarction: Digoxin shoult be
used with caunon in patients with acuts myocardial infarction, The use
of InCLFCIE drugs in SOMe patients N NS $4Mng May rasuit in ynde-
sirabie increases in myocardial oxygan demand and ischemia.

Use Quring Eluctrieal Cardigvarsion: 1t may be desirabie 1o reduce
the dosa of digean tor 110 2 days prior 19 siectrical cardioversion of
atrial fibnilation 19 gvaid the nduction of ventricutar arrhythenias, byt
physicians myst consider e consequencas of increasing the ventric-
ular cesponse if gigoun 1S vathdrawn. If Gigitalis toxcity 5 suspectsd,
dective cardioversion shouid ba detayed. if it 15 not prudent to delay
cardioversion, the lowest possibie energy (evel should e salectad to
aveid provoking ventncular arrhythmias.

Labaratary Tast Monitening: Pauenss receiving digowin shouid have
thew serum electroiytes ana ranal funcion ($erum creatinng cancen-
trauons) assessed perigdically; the Iraqueney of assessments will
depend on the climcal sefing, For discussion of serum digoxin con-
centrations, see COSAGE AND ADMINISTRATION sectien.

Drug Inferactlians: Potassium-aeplenng guwrelics are a major con-
tnbubng tactor to digalis 12acity. Calcurm. pacticularly if administarad
rapidiy Oy the intravenaus roule. May procuce Senous arrhythmias in
dignaized patients. Juiding. veraparmid. amiodarons. propatanone,
ndomathacn, itraconazote. 2iprazelam. and Spironolactons raise the
SEMUM digoxn concentration due to 4 /eduction /n clearancs andfor in
voiume of distnbution of the 2rug, vath the implication that digitalis
intoxication may (esull. Entrramyon and clartheanyen (and possi-
bly other macroligs anisbiorcs) and atracycling may increase digodn
absorption i patients who inactivate digoxin by bacterial metabolism
in the lower intesting, so tha: digrtaks irtoxication may result (ses
CLINICAL PHARMACOLOGY: Absorouon). Progantheline and dighe-
noxylars, Dy decreasing qui metlity. may increase digooun absomtion.
ANICIds, Ka0In-pectn. suifdsaiazine. neomycin, chiolesiyraming, car-
N anticanicar drugs, and metoclopramida may witerfere vath imtesti-
nal digoxn absorption. resulting i unexpectedty low Serum concen-
trations. Adampin may decrease serum digoxin concentraton. Bspe-
cidlly in patients with renal dysfunclian. by increasing the non-renal
Clearance of digowe. There have been inconsistent reports ragarding
tha ettacts of other drugs [e.9.. quimna. panscillamng) on sarum
digoxin concantration. Thyroid admimnisiration to 4 digitalized.
Ryaothyrout patient may increase the gose requirement of digoxin,
Concamitant use of digoxin 3nd SymogLhomimatics iIncreasas the risk
of cardiac arrhythmias. Sueemyvichoine may cause a sudden extrusion
of patassivm from muscte c21ls, ana may thereby cause armythmias
in diquialized patients. Althcugh beta-zdranergic blockers or calgium
channel blockers and digoxn may be usstul in cambination ta control
atnal honifation. thew adaizve effects an AY node conduction ¢an
result in gdvanced Or complzte hedrt Bock.

Due ta the consideragle . anability of thesa interachions, the desage
of digoxin should be mdivicuaiized v:hen patients recsive \hese med-
ications concurrently. Furthermore. caytion should be sxarcised when
COMDININg digaxm wilh any drug that may cause a signiticant deterio-
ratan m reral function. sirca a decine » glymenaiar fitration or tubu-
lar secrelion may imgair the xcretion of digoxin.

Orug/Laboratary Test Interactions: The use of therapeutic dasas of
digoxin may cause prolonganon of the PR interval and depression af
Ihe ST segiment on Ine electrocardiagram. Digoxin may produce lalse
positve ST-T changes an tne glectrocandiogram during exercise tast-
ing. Thesa electrophysiolog:c eMfects reflact an expected eifact of the
drug and are Nat ndicative of toxiity.

Cartinagenasis. Mulagenesis, Imgairmeni of Fenility; Thers have
been no long-term studigs performed in animals to avaluate carcing-
genic potantral. nor have studies been conducted ta assess the muta-
genic potential of digoxim of s petential to aMect fertiity

Pragnancy: Taratogenic ENecis: Pregnancy Category C. Ammal repro-
duchion studies have nat been concygted with digoxin, it 1s also not
knawn whether digoxin cin cause '213) harm when adeministered to a
pregnant woman of can atact repreductive capacrty. Digoxin should
be given 10 1 pregnant woman onlv if ¢learty needed

Mursing Mothers: Studi2s rave shown that dgoxin cancentralions in
the mother s serum and milk are simedr. However, the eshimated Bxpo-
SUFE ©f 4 ursing mant 1o Gigdmn via Sreast feading il e far bstow
the usual iInfant maintenance dose. Therelare. this amount shoukd have
no pharmacologic efect upon Ihg miant. Nevertheless. caution shouid
e exercised when digon 15 admiristered to a nursing ‘~oman.
Pedidiric Uise: Newborn nlants disglay consideratis wanansity in thair
toigrance 1o digoxin. Premature and immature wifants are particularly
sensnive 19 the effects of Jigowin, and the dosage of Ihe drug must
nat gnly be reduced but must be ndivicualized according to their
degree of natunty. Crgulans glycosides can cause poiIsoMAg in chit:
drert due Lo accidental ingestion

Geriatne Ute: The inajerty of chnical experierice gained with digoxin
has been i the elderly population This expenence has nat wenttied

LANUANY - (UIgUALL TAUIEL, Uar

differences in respansa of adverse affects batwesn the eiderty and
Younger patients. However, thes drug is known to be substantially

m:msdby!hekidney.amﬂudskunwdcmtﬁons!omisdmumg

be greatar in patients with impaired renal lunction. Bacause eidarty

patients are move Iikaly to have decreased renal function. care should

be Laken in dose smkection, which should be based ort renal lunction.
and it may be ussful to monitor renal function (ses DOSAGE AND
ADMINTSTRATION).

ADVERSE REACTIONS: In general. the advarsa reactions of gigoxin
arn dose-depandent and occur al dases highar than thosa nesded to
achieve a therapeutic effect. Hence, adverse reactions are less com-
mon when digoxin is usad within the recommended dosa range of
therapsutic sérum concentration ranga and when thars is careful
attention 10 concurrent medicabions and conditions,

Bocause some patients may be particutarty. Suscaptibte to side
sffects with digoon, tha dosaga of the drug should always be ssiscted
caretully and agjusted as the clinical condition of the patient wamants,
In the past, when high doses of digoxin were used and lttle aftention
was paid o clinical statys or concurvent medications, advecse reac-
fions 1o digoxn were more trequent and severe. Cardiac advarse raac-
tans accounted for about one-half, gastrontestinal disturbances for
about ere-tourth, and GNS and other taxicity lor about ong-tourth af
these advarsa reactions. However. available avidence suggests that the
incidence and sevenity of digoxin toxicity has dacrsased substantialty
In recant yaars. In recent cantroted clinical trials, in patients with pre-
dominantly mild to modarata heart failure, the incidenca of adversa
BXPANBNCAS Was COMparabis in patients taking digoxin and in those
taking placedo. In a large mortality triat, the incidenca of hospitaiiz-
tign for suspacted digaxn toxicity was 2% in patiants taking LANOXIN
compared 1 0.9% in patients taking placeno. In this rria, T most
commaon manitestations of digoxin toxcity included gastrointestinal
and cardiac disturbances; CNS manifastations were {ess common,
Adults: Cantize: Therapeutic doses of digoxin may cause heart hiock
in patients with pre-axisting sinoatnal or AV conduction disorders;
heart block can be avoided by adjusting the doss of digoxin.
Praphylactic use of a cargiac pacemaker may ba considared if the risk
of heart block is considered unacceptable, High doses of digoxn may
produce a varniety of thythm disturbances, such as first-degrea. sec-
ond-gegrea (Wenckeoach). or third-degree heart block fincluding
asystola), atnal tachycardia wath dlack; AV dissociation; accelerated
iunctiondl (nodal) chythm; unifocat of muititorm wantricutar premature
contractions (espacially bigeminy or trigeminy); ventricular tachycar-
dia; and ventricular fibnikation. Oigaxin produces PR prolongation and
ST segment depression which should not by thamsaives ba consid-
ered digoxin toxicity. Cardiac toxicity can aiso cccur at therapeutic
gdoses in patients who have conditiohs which may after their sansitivity
to digoxin (see WARNINGS and PRECAUTIONS).

Gastrointestinal: Digoxin may cause anorexa, naussa, vomiting,
and darthea. Raraty, the usa of digoxin has been associated with
abdomingl pain, intestinal ischemia, and hamorrhagic necrosts of the
imestines.

CNS: Digaxin can produce visual disturbances (blurred or yellow
visian), headache, wezkness. dizziness. apathy, confusion, 2nd mental
disturbances (such as anxiety, depression, delinum, and hallucina-
ton),
Ofher: Gynecomastia hag Heen occasionally obsarved following the
prolanged usa of digoxin. Thrombocytopenia and maculopagular rash
and other skin reactions have Desn rarely obsarved,

The following tabis summarizes the incidance of those adverse
axpariences listed abave for patients treated with LANOXIN Tabiats or
placebo fram two randomized, double-bling, placsbo-contralled with-
drawal tridls. Patients in these tnals wers 2180 receiving diuretics with
or withgut angiolensin-converting enzyma inhibitors, patients
had been stable on digoxin, and were rindomized Lo digoxn ar pla-
cebo. The results shown in Table 4 refiact the expanance m patients
loliowing dosage titralion with the use of sarum digaxin concantra:
lions and careful follow-up. These advérse sxperiences are consistent
with results from a large, placebo-controiled mortality triai (DIG trial)
wharein over hall tha patisnts wers not recsiving digoxin pnar to
snroliment.

Table 4: Advarse Expeniences in Twa Parailel, Doubis-Biind,

Piacaba-Controiled Withdrywal Triais
{Number of Patients Reporting)
Digoxin Patients | Flacedc Patiants

Adrarse Expenence (n=127) (n=125)
Cardiae

Paipitaton 1 4

Veninicular 1 1

extrasystole

Tachycardia 4 1

Haart arrest ! 1
Gastrainestinal

Anorexia 1 L]

Nausea 4 2

Vomiting 2 1

Oiarrhea 4 1

Abdominat pan 0 &
CNS

Headache 4 4

Dizziness ] H

Mental disturbances 5 1
Othar

Rash H 1

Death 4 3

{niants and Children: The side effects of digoxin in infants and chil-
dren Jifter from thase seen in adults in several respects. Althcugh
digoxin May produce anarexia. N3usea, vmiting, diarrnaa, and CNS
disiurbances i young patients, thase are rarely the inilial symptoms
of Overdosage. Raiher, ta sariest ang most frequent manilestation of

OVERDOSAGE:
Trestment

Withdrawal of digoun may ba ali that is raquired to traat the 3
resction. However, when the primary manifestation of digaxn o
dosage is a cardiac ahythmia, additional theragry may be raeds

1f the thythm disturbancs is a symptomatic bradyarhythm:a «
heart biock. consideration shouid ba given to the reversal of tox:
with DIGIBIND® [Digoxin Immune Fab (Oving)| (see below), the
atropine, or the insartion of a lemporary candiac pacemaker. Ho
asymptomadc bradyeardia or heart biock reialed lo digoxin may
Dr:qﬂu‘i'm only tamporary withdrawal ot tha drug and cardiac moy

If the riythun disturbancs is a ventricutar amtythmia, consadar
should ba given ta the corraction of slectrofyte drsonders, paricy
hypolkaiamia (see beow) or hypomagnesemia is presant. DIGIRI
4 specific antidots for digoxin and may be usad 10 revarse potan
lifa-threatening ventnicular arhyMmias dus (0 digoxii cverdasac

Administration of Potassivm: Every efior shouid be made 1o
1ain the serum potassium concentration between 4.0 and 5.5 mi
Patassium is usually admimstered orally, but when corraction ot
amhythimia i ungent and the serum potassium concentration is
Ppotassium may O agministared cautiously &y tha intravenaus r«
Tha electrocardicgram should be menitored for any evidenca ot
Slum toxicity {e.q., peaking of T waves) and to abserve ths sffec
the arrmythmia. um salts may be dangerous in patients «
manitest bradycarcia or heart block dus to digoxin (unless pnm.
related to supraventriculr taciycardia) and in the saming of ma:
digitalis overdosage {see Massiva Digitahis Cverdosage subsech
Massive Digitalis Overdosage: Mandestations of (iHe-threatern
city includa ventriGular chycardia or ventncular fibnilation, or ¢
gressive bradyarrythmias, or feart bIRK, The adminstration o
than 10 my of digoxm in a previously haalthy adult. or mare tha
4 mg in a previously healthy child, or a steagy-state serum conc
tion gredter than 10 ngeml oftan results in cardiac arrest

DIGIBIND should be used to reverse the toxe effscts of inges
4 massive overdoss. The decision to administar DIGIBIND to a ¢
whu has ingestad a massive dose of digoxn but who has not ve
manifesisd iife-threatening toxicity should dapend an the likeling
hat fife-threatsming toxicity will occur (see abova).

Patiants with massive digrtalis ingestion shouid recerve large -
of activated chancoal fo prevent absorption and bind digowie 1 1
during entercenteric recirculation. Emesis or gasinc iavage may
indicated especiaily If ingestion has occurred within 30 minutes
patient’s presantation at the hospital. Emesis shouid rot de indu
patients who a4 gbtunded. if a patient prasents mare than 2 ho
after ingestion or aiready has toxic manifestations, 4 may be un:
induce vomiting or aftempt passage of a Gastric tba, Hecause &
maneuvers may induce an acute vagal episode that can worsen
talis-related arriythrmias.

Severs digitalis intoxication can cause 2 massive shift of pota:
from inside to outsige the ceti, lsading to lite-threatamng hyper-
kalernia. The adrninestration of potassium supplements in the se
of massive intoxication may be hazardous and shouid be avoide:
Hyperkaiamia caused by massive digitals toxicity is best iraated
DIGIBIND: initial yreatmant with glucose and insuiin may also be
required H hyperialernia itself is acutsty life-threatening,

DOSAGE AND ADMINISTRATION:

Genenal: Rscommended dosages of digoxin may require consx
modification because of individual sansitivity of the patient 1o th
i, the presencs of associated conditions. or tha use ol contt
medications. In selecting a dose of digoxin, the following factors
b corrsideced:

1. The body weight of the patiant. Oases shoutd de caiculated
basad upon (8an {i.e.. ideal) dody weight

2. Tha patient's renal funcrion, preferably evatuated on [he bag
of astimateq creatining clearance.

3. The patient's age. latamts and children require different dos
digoxin than adults. Alsa, advanced age may be indicative ¢
diminished renal function even 11 patiants with normal seru
craatining concentrabon (i.e., below 1.5 mo/dL).

4. Concomitant dissase states, concuerant medicatiens. or ot
factors fikely 1 atter the pharmacckinetic cr pharmacodyna
profile of digom (528 PRECAUTIONS}.

Sarum Digoxin Concanirations: tn generat, the dose of digoxin
should be determuned on clirical grounds, However. measureme
serum digaxin concantrations can be helptul 1 the climcian in d
mining the adequacy of digoxn therapy and in assigming-certain
abilities to the likelihood of digaxn intoxicabion. About two-third:
adults considered adequately digitatized (without evidence of tox
hava serum digoxin concentrations ranging from 0.8 to 2.0 ng/n
However, digoxin may produce clinical fits even al Serum o
trations Helow this ranpe. About two-thirds of adult patients witt
cal toxicity have sérum digoxin concentrations graater thar 2.0 1
However, since one-third of patients with clinical toxcity have cc
tratons less than 2.0 n/mL, values betow 2.0 ng/mi da not ruk
Lha possibity tist a cartan sign or symptom is retated ta digox
therapy. Rarely, there are patients wha are unable to tolerate dige
serum concentrations balow 0.8 ng/my.. Consequently, the serur
centration of digexin should aiways b interpreted in the overail
cal context, and v isolated measurament should nol be used alk
the basis lor increasing or decreasing the dose of the drug

To altow adequate time or equilibration of digoxin berween se

and lissue, sampling of S&fM concentralions sheuld be done ju



cak comext, ang an isotated measurement shouid not be used alone as
the basis for increasing or decreasing the dose of the dnyg,

Ta allow adequate tme lor equilibration of digaxin between serum
and lissua, sampling of serum eoncentrations should be done just
batore the next scheduled dose of the drug. It this is nat possible,
sampling should be done at least 6 1o 8 hours aftsr the kast dose,
regardiess of the route of administration or the lormulation used. On a
onea-daily dosing schedule, the corcentration of digoxin will ba 10%
10 25% lower when sampled at 24 varsus A hours, depending upon
the patignt’s renal function. On a twice-daily dosing schedule. there
will be only minor differences in serum dipaxin concenirations
whether sampling is done at 8 of 12 hours after 2 dass.

Ha #screpancy €xists between the reported serum concentration
and'the ohserved clinical response, the clinician shoule consider the
tallawang possibilities:

1. Anatytical problems in the assay procedurs,

2. inappropnate serum sampling time.

3. Administration of a digitatis glycoside other than digexin.

4. Gonditions. {described in WARNINGS and PRECAUTIONS)

fausing an alteration in the sensiivily of the patient 19 digouin,

5. Serum digoxin concentration may decrease atutely during
periads of exercise without any associated change in climcal
.efficacy due 1o increased binding of digoxin 10 skeletal musele,

Heart Failurs: Adwifs: Digitalization may be accompiished by either of

+Two general approaches that vary in dosage and Irequency of adminis-
tration, but reach the same endpeint in terms of tota) amount of
digoxin accurnulated in the body,

1. It rapid digitalization is considered medically appropriate, it may
be achieved by administering a loading dose based upon project-
ect peak digowin body stores. Maintenance dase can be calcuiated
1S a percentage of the loading dosa.

2. More graduai digitalization may be obtained by beginning an
appropnate mainenarice dose, thus allowing digosr body stores
ta accumulate slowly. Steady-state sarum digoxin concentrations
wiil be achieved in approximately five hait-fives of the drug for
the individual patient. Depending upon tha patient’s renal fung-
tion, this will take between 1 and 3 weaks.

Rapid Dightalization with # Loading Dose: Peak digoxin body
stores of 8 to 12 meg/kg should provide therapeutic etfect with mini-
Mum nsk of texicdy in most patients with heart failure and narmal
sinus rhythm_ Because of aitersd digexin distribution and alirinatian,
projected peak bocy stores for patients with renal insutficiency should
be conservative {i.e.. 6 to 10 meg/kg) {sea PRECAUTIONS],

Tha loading dose shouid be administered in several portions. with
roughly half the olal given as the first dose. Additional fractions of
this planned total dose may be given at 6~ o B-hour imervais, with
careful assessment of clinical response bafore sach additional
dose. If the palient's clinical responss necessitates 2 change from the
caktulated loading dose of digoxin, then calculation of the maintenance
dose should be based upon the amount achually given.

A singie initial dosa of 500 to 750 meg (0.5 10 0.75 mg) of

LANOX!N Tablets usually produces a datectabls effect in 0.5 to 2

hours that becomes maximal in 2 to § hours. Additional doses of

125 10 375 meg (0.125 to 0.375 mg) may be given cautiously at

6 to 8-hour intervals until clinical evidence of an adequate sffect

i3 noted. The usual amount of LANGXIN Tablets shat 3 70-kg

palient requires ta achieve 3 to 12 meg/kg peak body stores is

750 1o 1,250 meg (C.75 to 1.25 mg).

LANOXIN Injection is frequently used 10 achieve rapid digitatization,
with convarsion ta LANOXIN Tablets or LAMOXICAPS jor maintenanca
therapy. If patients are switched from intravenous Lo oral digoxin
lormulations, ailowantes must be made for differences in bioavail-
ability when calculating maintenance dosages (see tabls, CLINICAL
PHARMACOLOGY).

Maintenance Dosing: The doses of digoxin used in controlied tri-
als in patierts with heart failure have ranged from 124 to 500 mcg
{0.125 10 0.5 mq) ance daily. In these studies, the digoxin dose has
been ganeraly titrated according to the patient's age, lean body
weight, and rnal function. Therapy fs generally initiatsd at a dosa of
250 meg {0.25 mg) once daily in patients under age 70 with goog
renal fungtion, at 2 dose of 125 meg (0,125 mg) onca daily in patients
over age 70 or with impaired renal function, and at a dos# of
62.5 meg {0.0625 mp) in patients with marked renal impairment,
Doses may be increased every 2 weaks according to ciinical response.

In a subset of approximatedy 1,800 patients enrodted in the DIG trial
{whergin dosing was based on an algorithm similar to that in Table 5}
the mean (+5D) serum digoxin concentrations at 1 month and 12
months were 1.01 £ 0.47 ng/mb and 0.97 « 0.43 ng/mL, respectively.

The mainenance dosa shouid o based upon the percantags of the
paak body stores lost each day through efimination. The following for-
Muia has had wide clinical use;

Maintenance _ Peak Body Stares {i.e., Loading Dose) x % Daily Loss
Dosa 100
Whare: % Daily Loss = 14 + Cor/D

{Cer is creatining clearance, corrected to 70 kg body weight or
$.73 m? body surface area) . ]

Table § provides average caily maintenanca dosa requirsmants of
LAMCXIN Tablets for patients with heart failure based upon lean body
waeight and renal function:

Tabie 5: Usual Dally Mainisaance Doss Requirements (meg) of
LANOXIN tor Estimated Peak Sody Stores of 10 meg/kg

Laan Body Weignt
Number of
kg S0 50 70 8 90 100 |Cays Balore
Corrected Cor Sisady St
(mUmeiper 70Kgi' 16 110 132 154 176 198 220 | Achieved'
14 625t 125 125 125 1875 167§ &
10 125 125 125 1B15 1B7.5 1875 19
2 125 125 (875 1BTS 1875 280 18
0 125 1875 1875 1875 250 250 L}
40 125 975 1875 250 20 20 13
E 1825 1875 250 280 250 280 12
60 t875 1875 280 %0 280 3% 1"
e 1975 250 250 250 250 375 10
o] 1875 250 %0 %0 IS5 I 4
90 1975 250 0 B0 IS5 500 8
100 250 250 250 315 IS 500 7

*Cer is creatinine clearance, corrected to 70 kp body weight or
1.73 m? body surfaca area. For adults, it only serum creatinine
concentrations (50r) are vadlable, a Cer (correctad to 70 kg body
weight) may be estimated in men as (140 - Age)/Ser. For women,
this result should be multiplied by 0.85. Nofe: This equation cannot
be used for estimating creatinine clearance in infants or children.

* 1 no loading dose administered.

62 5 mea = 0.0625 ma

Lewl Buuy i

Number of

W% & 10 & W 100 |DaysBeko

Comecad Cer Steacy Strte

[n-m‘n;-mhuj'b 110 132 154 176 198 220 | Achiewd'
[} 625 125 125 125 1875 1875 2
10 125 125 125 1a75 @15 7S] 19
n 125 125 1875 7S (675 20| 18
poom 196 (875 1975 1878 20 /O]
oA 15 1875 1975 %0 %0 0| 13
I s 75 475 %0 20 B0 s 2
- wrshigrs %0 20 B 5| 1
i m WS 20 230 250 W0 OIS M0
bog W75 %0 20 20 5 S| 9
% 875 %0 250 %0 5 S0f 8
100 250 250 20 a5 315 sw0| 7

*Cer is creatinine cleararice, corrected to 70 kg body weight or
1.73 m? body surface area. For adults, if only serum creatining
concentrations (Scr) are available, a Car {corrected lo 70 kg body
weight) mizy be estimated in men as (40 - Age)/Scr. For women,
this resuft should be multiptied by 0.85. Mote: This equation cannot
be used for estimating creatinine clgaranca in infants or children.

! if no loading dose administared.

V62,5 meg = 0.0625 mg

Example; Based on the above Lable, a patient in heart failure with an
astimated tsan body weight of 70 %g and a Cer of 60 mU/min should
ba given a dose ot 250 meg (0.25 myg} daily of LANOXIN Tabiats, usu-
alty taken after the momning meal. 1f no loading dosa is administerad,
steady-state serum concentrations in this patient shoulg e anticipated
at approximataty 11 days.

Intants and Chitdren: in general, divided daily dosing 15 recommand-
ed tor infants and young children (under age 10). In the newbom peri-
od, renal clearance of digoxin is diminished and suitabls dosage
adjustments must ba observed. This i especialty pronounced in the
pramature fnfant. Beyond the immediate newbom pariog, chikdran
generalty require preportionally larger doses than adults on the basis
of body weight or body surface area. Children over 10 years of age
requirg adult dosages in proportion to thasr body weight. Soma
researchers have supgestad that infants and young children tolsrate
slightly higher serum concentrations than do adudts.

Daily maintenance doses for each age group are given in Tabia 6
and shouid provide therapeutic eMects with minimum risk of toxicity in
maost patients with haart failure and normal sinus rirythm. Thase rec-
ommendations assume the presence of normal renat function:

Table 8: Daily Maintenance Dosss in Children
with Normal Aenal Function

Daily Maintanance Dose
Age (rcg/)
2105 Years 1Mto1s
5 lo 10 Years 7t 10
QOvar 10 Years Jlos

In children with renal disease, digoxin must ba carefully litrated
based upon clinical rasponsa.

It cannot be cversmphasized that both the adult and padiatric
dosage guidelines pravided are hazad upon average patient
response and substaniial individual variation can be expected.
Accordingly, uilimate dosags selection must be basad upon clinical
assassmeni of the patient,

Airial Fibrlllatien: Peak digoxin body stares larger than the & ta

12 meg/g required for most patients with heart failure and normal
sinus riythm have been used for control of ventricylar ratein patients
with 3trial fibrillation. Doses of digoxin used for the trastment of
chronic atrial fibeiliation shouid be titrated Lo the minimum dosa that
achievas the desired veniricular rate control without causing undasir-
abie side effects. Data are not avatlabte to establish the appropriate
resting or exarcise target rates that shoukd be achieved.

Cosage Adjustment Whan Changing Preparations: Tha citfarance

in bioavailability between LANOXIN Injection or LANOXICAPS and
LANOXIN Eliar Pediatric ar LAMOXIN Tablats must be considared
when changing patients from onae dosage form to another.

Doges of 100 meg (0.1 mg) and 200 meg (0.2 mQ) of LANOXIGAPS
ae approxmalely equevalent to 125-meg (0. 125-mg) and 260-meg
(0.25-mq) doses of LANOXIN Tablats and Elidr Pediatric, respactively
(see table in GLINICAL PHARMACOLOGY: Pharmacokinetics).

HOW SUPPLIED:
LANOXIN (digoxin) Tablets, Scorad 125 mcg (0.125 mg): Bottles
of 100 wilh chiig-resistant cap (NDC 0173-0242-55) and 1000
(NDC 0173-G242-75), unit dosa pack of 100 (NDC 0173-0242-56).
Imprinted with LANOXIN and Y38 ).

Stors at 15" to 25°C (59* to 77°F) In a dry place and protect
from light.

LANOXIN (digoxn) Tabiets, Scored 250 mey (0.25 mg): Battles of
106 with child-resistant cap (NOC 0173-0248-55), 1000 (NDG 0173-
0248-75), and 5000 (NOC 0173-0249-80); cartan of 12 bottles of 100
{NOC 0173-0249-01); unit dose pack of 100 (NOC 0173-0243-56).
Imprinted with LANOXIN ang X3A (white).

Store at 15° to 25°C {59° to 77°F) In a dry place.

GlaxoWellcome

Glaxo Wellcoma Inc.
Resnarch Triangle Park, NC 27709

September 1997 RL-471
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”n ld e Each Tabiet Contains:
PHARMACEUTICAL, INC. , Digoxin, USP ....... 125 meg (0.125 mg}
For indications, dosage, precautions,
NDC 521 52-145-06 eic., see accompanying package insert. N
3

_ Dispensa in a tight, light-resistant - - 3
DIGGXIN container as defined in the USP. 32152-145-05
Store at 15°-25°C {59°-77°F) in a dry
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For indications, dosage, precautions,
etc., see accompanying package '3‘ 2
DIGOXIN insert. 52152-145-06
Dispense in a tight, light-resistant
. oonrl,:inar as dagned in the USP. AMIDE%:(;RD??AC_EUST;IC‘;L. INC.
as! ain Stre
Store at 15°-25°C (58°-77°F) in a dry ittla Falls, NJ 07424 USA
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place and protect from light.
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DIGOXIN TABLETS, USP

Rx Onl .

DESCHIP‘!!.I': Oigoit] 1% ane of the cardiac for digitalis)
glycosides, a closely related groug of drugs having n
common speciic effects on the myocardium. Thesa drugs ars
found in a number of plants, Digoxin 13 extracted trom the
leaves of Digrtas (angia. The ferm “digitalis™ 15 used to
designate the whoie 9rqup of glycosides. The glycosides are
compesed of Moponmpa: asugar anga cardenolide (hence
"glycosices”). -,m" !

Digownn is described chemically as (313, 5.3, 12 3302,
§-dideoxy-D-nbo-hexopyranosyi-{ 1 —4}-0h2,5-<diceoxy-i-D-
rloa-hexopyranosyl-u—o4)-2<G-dideoxy-ﬂ-0-rlbo‘
hsxopyranosyl)ory]—12‘14-dihydraxycard-20(22)—enoh‘de Its
motecular formula s C, H, O . its molecuiar weight's 780.96,
and the structural lommula shown:

o]

o "

OHC}‘:&

I ]

Hymwo
" . ., - 3 ‘.‘CE\"
o N ‘Z‘ -
~ en L)L-‘) e

Digaxin sxiats as odorleds \hite costels Bl matt with
decompaattion above 230°C. Rog dug i acticalty inschuible
in water and in ether; skghtly solubie in diuted (50%) aicolrol
mlnm;wmmmwm.

Digoxin is suppied as 125-mey (0.125-mg) or 250-meg
{0.25-mg) muwmm.wmm
the labeied amount of digaxin USP and the lolowing inactive
ingrecients: com starch, croscammeiicss sodium, microcrys-
lakine celluloss, pregeiatinized starch, lactose monohydrate
and anhydrous lactoss, silicon dioxide and stearic acid. In
addtion, the 0.125-mg tablet containg DAC Yellow No. 10
Aluminum Lake.

CLINICAL PHARMACOLOGY: Mechariem of Action:
Digoxin innibits sodium-potassium ATPase, an sozyme thet
mqumumwmmm
Intwbition of the enzyme lssds to an increass n the
+mmmmmummmtbymm
o sodlum-caicium exchange) 4n increass in the ntraceiuiar
m«ww.mmmaw
result trom direct actions on cardiac muscle, s well as
indirect actions on the carndd lar system medi

the sympathetic nervous sywem and AN ANgIotensin
sywmbranydvmmmhmmmmmm
mamwmoqumdmmmhdm
effmm:manmoinmimuandwbawd

4 decrease in the degree of activation of the sympathatc
Nervous system and fanin-angiotensin sysiem [neurchor-
monal deactivating sftect): and (3) slownng of the heart rate
and decreased conduction veloctty through the AV node
tvagomimetic atsct). Tha etfects of digoxin in heart 1ailure are
medialed by s positive Inolropic and  neurchormonal
deactivating effects. whereas the affacts of the drug n atnal
armythmias are reiated 1o its vagomimenc actions. In high
doses. digoxin ncreases sympathatic outfiow from the central
nervaus system (CNS) This increase in sympathetic activity
may be arimpontant factor in digitalis towicaty.
Pharmacokinetics; Absorption; Following ora) administra-
tian. psak serum concentrations of igoxin occur at 1 tg 3
hours. Absorption of digoxin from digoxin tablets hag baen
demonstrated 1o be 0% to B0% compiate compared 15 an
1dentcal ntravenous dosa of digoxin (absolute bicavalabitity)
or Digomn Soiution in Capsules (raiative bioavailabelity).
When digoxin tablats are laken after maals. the rate of
absorption 1s siowed, but the lotal amount of digoxin absorbed
15 usuaily unchanged. Wher taken with meais high in bran
fiear. hawaver. :he amount absarbed from an ora) dose may
be reduced. Comparisons of tha systemic availabiity and

quivalert doses for oral ns o digoxin are shown in
Tabia 1:

Table 1: Comparisons of the Systemic Avsilability ang
Equivaient Dosst for Orsl Preparations of Digoxin

ba tormed via hydrolysis, oxidation and conjuganon. The
metabelism of digoxin is not dependent upon the eytochrome
P-450 system, and digoxin 18 ot known 1o induce o intbyt the
cytochroms P-450 system.

Excretion; Elimination ol digoxin tollows first-order kinetics
{that is, the quantity of digoxin elminated ar any tme «s
Proportional to the total body content) Foliowang intravenous
adaministration to healthy voluneers. 50% 1o 70% of 4 agosin
0058 is axcretad unchangad in the unne. Renal axcration of
digoxin is proportionai 1o glomarular fitrabion rate and 18
largely ingependsnt af unne fow. In healthy voluntaers with
normal renal tunction, digaxin has a haif-ife of 1 5 (o 2 cays
The hall-ita n anunc panents 13 proionged 1o 3.5 to § days.
Digoxin is not attactively removed Irom the body by dialysis,
exchange transtusion or dunng cardiopuimonary bypass
because most of the drug 1s bound to Nssue and does not
Girculate in the bioed.

Populstions: Race differences n digoxin
pharmacokinetics have not been formaily studied. Because
digoxin ig pnmarily siiminated as unchanged crug wa the
ldney and because thers are no mpcrtant diferences m
creatinine clearance ameng aces, pharmacouinetic differ-
8ncas due io race are Aot expected.

The clearance of digoxin can be pnmanly correlated with
renal function as indicated by creatiring clearance. The
Cockeroft and Gault formuia lor estimation of craatining

! incl Q8. body weight. and gender. A able that

Absokute

Bio- Equivaient Dosssmeg)*
Proguct avaladiitg Among Dosage Forms
Digoxin Tabrats 80-00% [825) 125 1250 | 500
Digoxin PedlamcEibdr | 70-65% [ 625 | 125 | 280 {500
Cigoon Solulon n Capsuies | 90-100% | 80 | 100 {200 [ ang
ioxin Injsction 1V 100% (50 [ 100 200 {400

‘For example. 125-mog Digaxin Tablets squivalent lo 128 meg
Digoxin Pediatric Elixir ecuivalent to 100 meg Cigoxin Solution

In CWM 100 mag Digoxin injachonV.

Atiants, oral adminisiered digoxin is converted
produets

miuch more gracual deckne in the serum concentration of the
dmg.mbhhmmhdimﬁmofdwmm
m-body.mpeakmmwmpudﬂnnﬂypomm
(absorptiorvdistribution phases) of the ssnum concentration-
ﬁmocummdopommwmhmsdammm
mmmmmmmdwmm.cm
avidenca indicates that tha sarly high serum concentrations
dundmﬂntmemmﬂmofdgonnatiumdm.
mmmmmacuu.mmmmmmum
S8fum conceMrations are in equilrium with tissus

tharapeutic and toxic sffects
{so# DOSAGE AND ADMINISTRATION: Setum Digoxin
Concanrations),

wawmmwmm-w
Rpparent volume of distribution. Digoiin crosses both the
mmwwmmm,um

wmmmmm.mzsxdmm
mmummm,mmm
e not signfiicantly altered by large changes in fat tissus
waight, 30 that ita distribution space correintes best with lean
{i.0., ideal} body weight, not totil body weight.
lllhbnhm:owamulmmmmus%]nudmd
digaan e metabolized, The end matabokies, which inciude 3

myocarcial sysiolc contraction (powitive inotropic action); (2)

sulfale Gonjugates, are pola in nature and are posaulaed to

provides the usuai daity maintenance dose requirements of
digoxn lablets based on creatining clearance iper 70 kg) is
Frésanted in the DOSAGE AND ADMINISTRATICN saction.

Plasma digoxin concentration profiles in patients with acute

hepatitis ganaraly fell withinthernngeol'pmﬂesmagrmpof -

heatthy subjects.
Phermacodynamic and Clinicat EMcta: The times to onset
of pharmacologic aftect and to peax effact of preparations of
dkgoxin are shown in Table 2

muz:mwmumwmnmum .

Emﬂmdugolh
Product Tima o Timeto |
On [ | Foak Efect' |
Digaxin Tabiets 0.5-2 houre 24 hours [
Digoon PediairicElber | 0.5-2 hours 24 hours
DigoxinSokuon in Capsues | 0.5.2 houra 2-8 howrs
ootV | S Xmines’ | 1dhoun | —
D for vanin pOonss rate n ainal fi
'Depending upon rate of infusion.

Chronic Atrial Fibeikation: |n patients with chronic atrial
fibrikation, digoxin siowa rapid ventricular response rate n
lingar dose-response fachion from 0.25 to 0.75 mg/day.
Digoxier shouid nict e used lor tha treaiment of muitifocal
atria} lachycardia,

INDICATIONS AND USAGE:

Atrial Fibrilation: Digoxin is indicated for the contrl of
ventricular response rate in patients with chronic atnal
fibriation,

CONTRAINDICATIONS:

Digitalia glycosides are conmaincicated in patients with
ventricular fibrilation or in patients with a known
hmmmdwm,lhmmmmmmm
mmmmmmammmm
digonin.

WARNINGS:

MMMNAVM:M&@:MM
Mw!vm.mmmpmp
the PR intervat. The drug may cause sevavs LT
bmdywuiaorsiwndblo&iuumuwiﬁm—mmng
sinuanododtummmycaunwvmudormmplm
m-nuoukmmmmmmmavm.
|nsmmMMhmmmw

, SOma patients
wilhpmmrmlambﬁllﬁonotﬂun.rmammﬂng



accessory AY pathway have developed nczeased antegrade
conguction across tha accessory pathway bypassing the AY
node, leading io a very rapid venincuiar response of
venincular ficnllathon. Unlass conduction down e accessovy
oathway has Deen biocked (erther pharmacologically or by
surgery), digoxn shouig not be used in such patients. The
trealment of paroxysmal Supraventricular tachycardia i such
patients)s usually direct-cumrent cardioversion.

Usa in Patients with Presarved Left Ventricular Systolic
Function: Patients with certan disorders invoiving heart
falure associated with preserved left vantncular ejection
fraction may be particularly suscephble to toxicity of the drug.
Such discrders includa restncuve cardiomyopathy, consinc-
live pencarditis. amylod heart diseass. and acute cor
puimenale. Patients with idiopathic hypertrophic subaortic
stenosis may have warsening of e outtiow obstruction due
to the inctropc aMectd of digoxin.

PRECAUTIONS:
Usa in Patients with Impaired Renal Function: Digoxin is
pnmanly axcreted by the kidnays; therafora. pahents with
impared remal fynction require smalier than wusual
maintenance doses of digoxin ses DOSAGE AND
ADMINISTRATION). Betzuse of the prolonged alimination
hialf-iite, a longer pariod of tirw is required lo ackieve aninital
of new steady-state serum conceniration in patients with
ranaiimpairmant than in patients with nommal renal function.
appropriate care ig not taken to raduce the dose of digoxin,
such patisnts are at high rigk for toxicity, and toxic aMects wil
last longer in such patients than in patisnts with nomal renal
tunction.
Use in Patients with Electrotybs Disorders: (n patients with
hypokakemia of hypomagnesemia, oXicly may orcur despis
BafUm Qo concentrations bekow 2 nYmL, because
polassium or magnasium deplation: sansitizes the myocar
dium to digoxin. Tharafore, it is desirable to maintain normat
sanum potassium and magnesium concentrations in patients
being traated with digxin. Deficiencies of thesa elactrolytes
may result from malnuirition, diarthea, or prolonged vomiting,
as well ag the use of the loflowing drugs o procedurss:
diuretics. amphotenicin B, corticosteroidy, antacids, darysia,
and machanical suction of gasirointestinal secretions.
Hyparcalcemia from any causa predisposes the patient 1o
digitalis toximy Calcium, particularty when administsred
foule. may produce sencuy
armnnmln in digitalized patierts. On the other hand,
hypocaicamia can nuity the sffect of digoxin in humans; thus,
digoxin may be inatfective urtil Serum calcium is restoned to
nommal. These interactions are redated to the fact that digoxin
attacts contractility and excitabiity of the heart in a manner
similar to that of caicium,
line ln Thyroid Disorders and Hypermetabolic Stikes:
i may reduce the requiremants for digoxin.
Heart fmilure andior atnal arhytwnias resuling from
hypermetabolic cr hyperdynamic states (e.9., hyperthyroid-
jsm, hypoxia, of arteriovencus shunt) are best treated by
addrgssing ‘he underying condition, Atrial arhythmias
associated with hypsrmetabolic states are
resistant to digoxin treatment. Care must be taken to avoid
1oxicity it digoxin is used.
Use in Pationts with Acute Myocardial infarction: Digoxin
shouid be used with caution in patients with acute myocardial
infarction. Tha usa of inotropic drugs in soma patients in this
seting may result in undesirabie nCreases in myocardial
n:yg.n demand and ischemia.
Use During Electrical Cardiovarsion: it may be desirable to
raduce the dose of digoxin for 1 to 2 daye prior to elecirical
cardioversion of atrial foriiation to avoid the induction of
ventricular amhythmias, but physicians must consider the
consequences of incraasing” the ventricular response f
digoxin is withdrawn. If oikgitaks toxicity i suspectsd, wective
cardiovarsion should be delayed. If it is not prudent to delay
cardigvarsion, the lowest possibie snergy level should D

ventriculdy arfhythmias.
Laborstory Test Monltoring: Patients raceiving digoxin
showid have their sarum slectrolytes and renal funclion
(serum creatinine concentrations) assassad panodically; the
traquency ol assentments will depand on the ciinical setting.
For ciscussion of serum digoxn concendrations, see
DOSAGE AND ADMINISTRATION section,

Drug Interactions: Polassium-deplebng  diurehics are a
major contnbuting factor lo digitalis toxcity.  Caicium,
particularty if admirvsiered rapidly By the intravengus route.
may produce senous arrhythmias in digitalized patients.
Quinging, veraparmil. amiodarenae, propalencns, maomeitha-
o, I BCONAZONe, JIDFrEZOIAM. and SprONQIECIond raise the
serum digoxin concentraltion gus k9 a reduction in clearanca
and/or ¢ volume of distibution of the drug, with the
impliation that gigitalis texcation may rasult, Erythromycin
and clanthromycin {ang possibly gther macroide antibioiics)
and talracycline may ncrease digoxn absorpion in patients.
who inactivate digoxin by bactenal melabaolism in the lower
intesting, so that digialis ntoxication may result (see
CLINICAL PHARMACOLOGY: Absomticn). Propanthsine
and diphenoxyiate, by decreasing gut motility, may increass
digown absorption. Antacids. kaoiin-pectn. suifassiazine,
neomyemn, chol g, certan drugs, and
metociopramide hay nnteﬂem with intestinal  digoxin

ption, resuthng in dly iow sefum concertra-
tions, Rifampin may decrease serum digoxin concentration,
aspaciaily in patients with renal aysfunction. by increasing the
non-renal ciearance of digoun. There have been inconsisient
raports regarding Ihe effects of othar drugs [e.q.. quinine.
penwiligming} on serum digoxin concentration.  Thyroid
administration to a digitaiized, hypothyrod patient may
increse the dose requirsthant of dgoxin. Concomitant use of
digoxin and sympathomimetics increasas the rigk of cardiag
arrhythmias. Succimyicholing may causs a Judden extrusion
of potassium from muscle cells, and may thareby cause
arthythmias in digitalized patients. Athough beta-adrenaergic
blockars or caicium chennel Blockers and digoxin may ba
useful in combination to control atriad flonliation. thair acdditive
effacts on AV node conduction can result in advanced or
complete heart block.

Dus 1o the consicerable variabiity of these interactions, the
dosage of digoxin should be individualized when patients
receive thess madications concurrenty. Furthermors,
zaution should be exercisad when combining digoxin with any
drug that may cause & significant detenoration in renal
tunction, since a decline in glomecular fitration or tubular
Secration may IMpair the excretion of digoxin.
Orug/Laboratory Test interactions: The use of therapeutic
doses of digoxin may cause prolongation of the PR interval
and deprassion of the ST segment on the electrocardiogram.
MMMWWST-TWMW
slectrocardiogram during  exercise testing. These

sifacty reflect an expected sffect of the
druq and ate numwm toxicity,

L is, impaiment of Fertiiity:
ﬂmonavcbnnnolonq-lommdnpﬂformdmmm
to sveluaie carcinogenic potential, nor have shudies heen
conducted to 2ssess the mutagenic potential of digoxin or it's
potential to alect lertifty.

Pregnancy: Terstogenic Effects: Pregnancy Category C.
Anima) reproduction studies have not besn conducted with
digoxin. i i also not known whether digoxin can cause fel
haren when administered to @ pregnant woman or can affect
reproductive capacity. Digoxin should be given to a pregnant
woman only i clearty neaded.

Nursing Mothers: Studies heve shown thal digodn
concenirations in tha mother's sarum and milk are similar.
However, the astimated axposure of & nursing infant to
dhgosdn via breast feeding wil be far below the ukul intem
maintenance doss. Therefore, this amount should have no
phamacologic #fect upon the infant, Nevertheless, caution
should be axercised when digoxin is adminisiened 1o & nursing

WOman,

Peciiatric Use: Newborn infanis dispiay considerable
variabilty in their tolerance to digoxin. Premature and
imenature infants are particularly sensitive 1o the effects of
digoxin, and the dosage of the drug must not only be reduced
but must be individualized according to thew cegres of
maturity. Digitaka glycosides Can CAUSS poisaning in chidren
due to socidental ingestion.

Geristric Use: The majority of cinical expeniance gained with
digoxin has baen in the siderty population. This expecence
has not igerified diifarences in nesponse or adverse alfects
Detwaen the sidery and younger DA, However, this drug
ia kiown (o be substantialy sxcreted by i kidnay, and the
risk of toxic reactions 1o thig drug may be grautes i patents

7>

with impaired renal function Because eidery patients are
mara likely o have decreasad renal funchon, care should be
taken n dose selection, which should be based on renal
function, and it may be usefut le momtor renai function isee
DOSAGE AND ADMINISTRATION),

ADVERSE REACTIONS: In ganeral. the adverss reactions
of digoxin are dose-dependent and occur al doses nigher
than those needed ki achieve a therapautic effect. Hence.
adversa reactions are less common when digoxin 1§ used
within the recommended dose range or therapautic serurm
concentratin range and whan there 18 careful attention to
concurrent madications and conditions.

Because soma palients may be paricuiarly suscepiible 1o
side affects with tigoxin, the dosage of the drug should
always be selected carefully and adjusted as the clinical
condition of the patien warrants. in the pasi, when high doses
of gigown were used and lithe attennon was paid to clincal
siatus of cancurrent medications. adverse reactons fo
digoxin were more fraquent and severs. Cardiac adverse
reactions accountsd for about one-haif. gastrointestinal
disturbances for about one-fourth, and CNS and other toxicity
for about ons-tourth of these adverse reacnons. However,
available svidance suggests that the incidence and severty of
digoxin toxicity has decreased substantiaily n recent years. in
racent controlled clinical trials, in patients with pradaminantty
miki [& moderate heart fajure. the ncidence of adverse
expanancas was comparable in patients taking digown and in
thosa taking placebo. In a large mortality 1nal, the incidence of
hospitalization lor suspected digoxin foxicity was 2% in
patients taking digoxm compared 1o 0.9% in patients taking
placebo. In this tnak. the most common manilestations of
digoxin toxicity included gastroirtestinal and cardiac
digturbances; CNS manifestations were jeas common.

Adutts: Cardiac: Therapeutic dosas of digaxin may cause

heart block in patients with pre-axisting sinoamnal or AV —

conduction disoroers; heart block can be avoided by adjusting
the dose of digoxin. Prophylactic use of & cartiac pacemalker
may be consigered if the risk of haan block is considered
unacceptabie. High doses of digoxin may produce & vaniety of
fythm disturbances, such as firsl-degres, second-degres
[Wenckebach), or third-degres heart block (including
asystoh); alnial tachycardia with blogks AV dissociation;
accelerated junctional {nodal) rhnythm: unrlnw of muttitorm
veniricular p contractions Ay bigerminy or
trigeminy); vmlﬂculnrtwtwwdla and ventricular fibridabon.,
Digoxin producas PR prolongation and 5T segment
depreasion which should not by thainsaives be considered
digoxin toxikity. Cardiac toxicity can also occur at tharapautic
doses in patisnts who hava conditions which may alter their
senaitivity 1o digoxin (sse WARNINGS and PRECAUTIONS).

Gastrointastingd: Digoxin may CAUS# anoreda, naussa,
vormiting and diarrhea, Rarely, the use of digoxin has been
associated with abdominai pain, intestinal ischemia, and
hamaomrhagic necrosis of the intesbnes.

CNS: Digoxin can produce visull disturbances {biurred or
yallow vision); headache, wemknass, dizziness. apathy,
confusion and mental disturbances {such as anuety,
depression, cedinum, and hallucination).

Other: Gynecomastin has been occasionally observed
follkowing the prolonged uss of digoxin. Thrombocytopenia
and maculopapular rash and other skin reactions have been
rarsly oberved.

The ulowiﬂq table summarizes the incidenca of those

adverse expenirices listed above for pabents treated with
digon tibwels-or piacebo from wo randormized, double-bind.
piacebo-controfied withdrawal trials. Fatients in these ials
ware also recaiving Oluretics with or without angictensin-
converting enzyms inhibilors. Thesa patients have baen
‘stable on digoxin, and wers randomzed 10 digoxin of pacebo.
The results shownin Table 3 raflect the axpenence in patients
foliowing dosage tiation with the use of serum digoxin
concentrations and careful fodlow-up. These adverse
sxperiencee are consisient with results from alarga, piacebo-
conrolied morality wial (DIG risf) wharein cver hal the
patients were not recaiving digoxin prior to anoliment.




Tabla 3: Adversa Experiences In Two Parsiiel, Oouble-Blind,
Placebo-Controlled Withdrawal Trials
(Number of Patients Reporting)

Digoxin Panents |Placebo Patents
In=123) i = 125

Adverse Exenence

Cardiac
Palpilahon
vertncular extrasysiois
Tachycardia :

4
1
1
-
Heanaresi - 1

- = -

Gastrontestinal
Anorena
Nausea
Yomiting
Qiarrhaa
Abgominal pam

CNS
Headache
Dizziness
Mantal disturbances 5 1

Qther
Rash
Death

(SR N
D= o

~
[LRFS

t
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infants and Childrn: The scce effects of digoxin in infants
and children ditter from those sean in adults in several
raspects. Athough digoxin may produce anorexia, nausea,
vomiting, diarrhea, and CNS disturbances in young patients.
thesa ars raraty the infilal symptoms of overdosage. Rather,

{unless pnmanly related o supraveniricular tachycardia) and
In Mg setting of Massive digtalis averdosage (see Massive
Cigrtais Overdosage subsection),

Massive Digltalis Overdossge: Mari of life-

after the last dose. regardless of the route o administrarion or
the formulation used. On a once-dady a0$ing schadule, the
concentration of digoin will be 10% 16 25% lower when

threatening toxicity include ventricuiar lachycardia or
ventricutar fibnit . or prog bradyarrhyth ar
heartblock The admimistration of mora han 10mgof digoan
in a praviously heallhy adult o more than 4 MQ in a pravicusly
healthy child, or a steady-state sarum coricentration greater
than 10 ng/mi, often results in cardiac armesi.

DIGIBIND® [Digoxin Immune Fat {Cving)] shoukd be used
1o reverse the toxic etects of ingastion of a massive overdose.
The decision to administer DIGIBIND® [Qigoxin Immune Fab
{Cvine)] to a patent who has ingested a massive dosa o
digoxin but who hes not yet manitestad lifa-thraatening
toxicity should depend on tha likelinood that lite-threatening
loxicity will occur (see above).

Patignts with maative digitalis ingeaton should recaive
iarge dosas of activaied charcoal to prevent absorption and
bina digoxin in the gut during entarosntenc recirculation,
Emesis or gastnc lavage may be indicated aspacially it
ingestion has occurred within 30 minutes of the patent's
presentation at the hoapral. Emesia should not be induced in
patisnts who are obhunded. Il a patient presents mors than 2
fours afer ingastion or already has toxic manfestations, it
may e uAsafe to induce voriting o attempt passape of &
gastric tube, because such mansuvars may induce an acute
vagal episode that can worsen digitalis-related arrrythmias,

Savare digitglis intoxication can causa a massive shift of
polassium from inside 10 outside the cell, leading to lifa-
threatening hyperkalemia. The administration of potassum

the earliest and most frequent manifestation of excessive
doging with digoxsn in infants and children is the appearance
of cardiac anhythmas. incluging sinua bradycardia, In
children, the use of digoxin may produce any arythmia. The
most arsc disturb OF Supraventricu-
ar tachyanhythmias, such as atial tachycasdia (with or
without block) and junctional (nodai) ischycardia. Ventricular
arrhythrmias aré lesa common. Sinus bradycardia may be
$ign of impending digoxin ntoxicatior, sspeciatly in infants,
even in the absence of first-degree heast biock. Any
ambythmia of aleration in cardiac conduction that develops in
4 child taking cigexn should be assumed to be caused by
digaxin, until further gvaluation proves otherwise.

OVERDOSAGE:

Trestmen of Adverse Reactions Produced by Overdos-
age: Digoxin showxt be temporanly discontinued until the
adversa raaction rescives. Evary sifort shoukd aiso be made
to correct factors that may contribute to the advarse reaction
{such as electrotyta distyrbances OF concurrent medications).
Once the adversa reaction has resolved, therapy with digoxin
may be renstituted, folowing a carsful resssessment of dose.

Withdrawal of digoxin may be al that is requined 10 ireat the
advarsa reaction. However. when the primary mantestation
of digoxin ovardosags i a cardac anhythmis, additional
therapy may be needed,

It the rhythm disturbance is a symptomatic bradyarthythmia
or haar block, considenation shoukd be given to tha reversal of
texicity with DIGIBIND® |Digoxir: Immune Fab (Qvine)] (ses
belnwLﬂleuuoumpinn.ormoinmdamwfw
carchiac pacemaker. However, asymptomatic bradycardla of
hemhiockmlammdigommymwnwylmmry
withdrawai of the drug and cardiac monttonng of the patient.

It the rhythm disturbance is a ventricular armhythmia,
consideration should be given o the cormection of slactrofyte
disorders, particularty o hypokatemia (see below} or
hypomagnesamia is present. DIGIBIND® [Digouin imimune
Fab[Ovine]}hl:pwﬂcMhdgoninWmtybcuuu
(o reverse potentially Ife-threatening veriricular arhythmias
due to digoxin overdosage.

Administration of Potsgsium: Every affort shousd be
made to mantan the seum polassism concantration
batween 4 and 5.5 mmoliL. Potassiumis usually acministered
arally, but whan comection of the arrhythmia is urgert andthe
SeTum peiassium concentrabion 13 low, potassium may be
admimstersd cautousty by infraveanous fouts. The shectrocar-
dicgram should b monilored for any evidence of polassium
toxicity (@.g., peaking of T waves) and to obsarve the affsct on
the anhythmia, Potassium salts may be dangerousin pabents
who manifest bradycardiz or heart block dus to digoxin
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pplamertts in the satting of massive imoxication may be
hazardous and should be avoided. Hyperkaiemia caused by
massive Cigitals loxicity is best treated with DIGIBIND®
[Digoxin Immurve Fab (Cvine)]: initial treatment with
and insukn may also be required it hyperkaiemia itsetf is
acutely He-threatening.

DOSAGE AMD ADMSNIS TRA TION:
Genersl: Recommenced dosages o digoxin mey require
considerabie modification because of individual sensitivity of
mmrwmm.mmmwm.
o tha use of concurrent medications. In saiscting & does of
digoxin, the following factors must be considersd:
1. Tha body weight of the patient. Dosss should be
calculated based upon lean (i.e., ideal) body wesght.
2. The patient's renal function, prefsrably evalusted on
the basis of astimated creatinine clearance.

3. The patient's age. Infants and chiidren requine differsrt

Gosas of digouun than adults. Aiso, advanced age may
b indicative of diminished renal function ever in
patients with normal serum creatinine concentration
{i.8.. bedow 1.5 mg/dL)

4. Concomitant cisasss staies, concurrent medications,

pled at 24 verses § hours, dapending upon tha patient's
renal function. On a twice-Gaily dasing schedule, there will be
enly minor ditersnces i serum digomin corcentrations
whathar sampling is done at 8 or 12 hour aler a dose.

It a discrepancy exists between (he raported serum
concentration and the observed clinical response, the
clinician shoutd consider the following possibilives:

1 Analyticai problems mn the assay procedure

2.Inapprogpriate serum sampling time

3.Administration of a digutalis glycoside other than
digoxin,

4.Conditions (descnbed in WARNINGS and
PRECAUTIONS) causing an aiteration in the
sengitivity of the patient to digoxn.

5, Serum digexin concentration may decrease acutaly
dunng pariods of exerciss without any associsted
changein clinical afficacy dua to tncreased binging
of digoxin to skelatal muscls.

Atrisl Fibrillstion: For the treatment of chronic atrai
fiorllation, digoxin should be ttrated to the minimum dose
which achieves the desired venincular rats control without
Causing excessive adverse eftects. Daia ars not avaiiabie to
establiah the appropniate targets for resting or sxarciss rites.
Peak digoxin dody storea larger than 8o 12 mcg/kg are often
Tequired. .

Adults: Cigitalization may be accompiished by sither of 'wo

ganeral approaches that vary in dosage and Frequency of
administration. dut reach the same sndpoint in lerms of total
amount of digoxin accumulated in the body.
1. I rapid digitalization is considered medically
appropeiate. it may be achieved by admunistening
2 icading doge based ypon projected peak digoxin
body stores. Maintenance dose can be calculated as
a parcantage of the icading dose.

. Mors gradual digiafization may be ootained by
beginning an appropriate mainténance dose. thus
allowing digoxin body stores to accumulate slowty.
Steady-state serurn digoxin concentrations will be
achiavad in approximatedy five haif-ives of the drug for
the individual patient, Depending upon the patient's
renal funcuon, thes wil take between 1 and 3 weeks.

Rapid with » Loading Dose: Bacause of

altensd digoxin distribution and siimination, projacted peak

body stores lor patients with renat insutficiency shouid ba

consarvative (1.6., 6 lo 10 mog/kg) see PRECAUTIONS).
The loading dose should be administared in several

partions, with roughly halt the total given as the firsi dose.

Adctional fractions of this piannied tolal dosa may be given at

6 1o 8-hour intarvals. with carsful sssessment of clinical

respones befors sech additionsl dose.

It Bve patient's cinical responsa nacessitatus g changa from

[

or other factors likety to aiter the ph inatic or
phammacodynamic proflle of digoxin
(soe PRECAUTIONS).

Digoxin Concentraticeia; (n genera, the doss of
digoxn used shoulkd be wnied on clinical grond
However. maasurement of ssrum digoxin concantrations can
be heiptul to the clinician in determining the adequacy of
digoain therapy and in assigning cenain probabilities to the:
likelinoad of digoxin intoxicartion. About two-thirds of aduits
considered adequately digitalized (without evidence of
toxicity) have serum digoxin concentrations ranging from 0.8
to 2 ng/ml. However, digoxin may produce cinical beneitts
aven at sarum concentrationa below this range. About two-
mmdldmmmmmcﬂnumuwmnumdlgnm
Conceniralions greater than 2 ng/mL. However, since ona
third of patiants with chinicel have concenirations less
than 2 ngmL, values below 2 ng/mL do not rule out the
poasibality that a certain 5ign or symptom is related to digoxin
therapy. Rarsly, there ans patieris who are unable io olerate
digoxin at ssrum concentrations below 0.8 agmi.
Consequartly, the samm of chooin shoukd
aiwitys be imterprated in the oversl clinical contaxt, and an
isolated measuramant should not be used alone as the basis
for incraesing or decreasing the dose of the drug.

To alow adequate tma for squikbration of digoxin between
Sefum and tiasue. samping of sanm conceniraiions should
be done juist betore th naxt scheculed dos of the drug. If this
18 N0t possibie, sampling should be done at lsast & 10 8 hours

g cioae of digoxin, then calculation of the

id be by

i d upon the amount actuglly
A single initial doss of SO0 to 750 mog (0.510.0.75 mg) of
digoxin tablets usuaily produces a detactaiie affect in
0.5 10 2 hourn that becomes maximal in 2 10 § hours,
Additionai dosas of 125 1o 375 meg (0,125 10 0.375 my)
may b given cautiously at 8- 10 8- iour intervals untif
dlirical vidence of an adequate effect i noted. The
usual amount of digoxin tablets that a 70-kg patjent
Tequires to achieve 8 1o 12 meg/kg paak body stores is
750 to 1.250 mog (0.75 1o 1.25 my).

Digoxin Injection is requently used to achisve rapid

digitakization, with convarsion to digoxin tablets or Digoxin

Sclution in Capsules for mairienance therapy. If patients ars

switched from intravenous to oral digoxin formulations,

allowances must be made for diffterances in bicavailability
whn caloytating maimenance dosages (See table, CLINICAL

PHARMACOLOGY).

Maimtanance Dosing: The doses of digoxin used in

controiled trials have ranged from 125 to 500 meg (0.125 to

0.5 mg) ance daly, In thess studies, the digoxin dose has

besn generally titrated according to the patisnt's age, lsan

bodty weight, anid renal function. Therapy is genarally initiated
a1 a doss of 250 mog (0.25 myg) once daily in patients under

a0 70 with good renal function, at a doss of 125 meg (0.125

mg) onca daily in patents ovir age 70 or with impaitsd renal

function, and at a does of 62.5 meg (0.0825 mg) in patients



—a

1t Marked ranalmpaiment. Doses may be increasad every
2 weeks aCcoriing 1o chrucal responss.

Tha maintenance dose should be based upon the parcentage
afthe peak bogy storeslost each day through aumination. The
‘gllowing fermuta has ngd wide clirical yse:

Maintananca Dose = Peak Body Stores {i.€-. i.oading Dosa}
% Daily Loss/ 100
\Where. °. Daily Loss = 14 « Ceti8

iCenis greatinine clearance, cortectedto 70 kg body waightor
1.73 m‘ body surface area.)

Table 4 provides average daly mainenance dose
raquiremants of digoxin tabiets based upon jean body weight
and renal function; - ¢

Table 4; Usual Daily Maintenance Doss Requirsments (mcgh
of HGOXIN for Estimated Peak Body Stores of 10 megfig

1t cannot be overemphasized that both the adult and
pediatric dosage guidalinas provided are based upon
average patient resp and tiah individual
varigtion can be sxpected. Accordingly, uitimate dosage
seinction must be based upon clinicsl assessment of the
patient.

Dosage Adjustment When Changing Preparstions: The
difierence in bioavalabiity Detwesn Digoxin wyection or
Digowin Solution in Capsuies and Digoxn Pediatic Elixir or
digaxm tablets must be congidered whan changing patients
from one dosaga form to another.

Dosas of 100 mcg (0.1 mg) and 200 meg (0.2 M) of Digoxin
Spluton i1 Capsuies are approximalely equivalent 1o 125-
meg {0.125- mg) and 250-mcg

(0.25-mg) doses of digoxn \abigts and Pediatnc Elixir,
respectively. (508 1able n CLINICAL PHARMACOLOGY:
Pharmacokingtics).

HOW SUPPLIED:

Digexin Tablets, USP 123 mog (0,125 mg):

Yellow, rourid tabsets, and ympnnted with 4 145" on the scorad
side of the tabist.

Carmeceg i A 300¥ desgnt Symoes ot

g S WMo 0100 | Zays Belore

L Steady Siaie

mlher|s v R 5 cTh 9 20| Acmeved
] L I - - B LA B s
J 5 % 5 RIS ST 9
A 5 G5 BTSN ers 0 6
bl 6 Cprs s CHe M 4
&b 5 WTs WS M B0 20 12
) R EL T b [ 2
] TR LR R B
o TR - R - 10
il YT - I 9
X B75 2 X0 H ™ 8
] W I !

+Ceris craatinine clearance, correctedto 70kg body waightof
1.7 m? body surface area. For aduits, f onky serum craatinine
concantrations (Scr aréfavailabie. a Cer (coracted to 70kg
body weight) may be estmated in men as (140-Age)Scr, For
women, this result should De muftipied by 0.85.

Note: This aquation cannot be used for sslimating creatining
clearancs in infants or children,

Il no loaging dose administeted.

62.5 mog = 0.0625 mg

Ewnpll:auodmmnabuvolabla,apznmmman
estimatqdleanbodywemoHOkgmd:Cuofmemh.
should be given & dose of 250 mg {0.25 mg} dasly of digoxn
tablets. usually taken after the moming maal. If no loading
doss i§ administersd, steady-siats serum concentrations in
this patient should be anticipated at approximately 11 days.
Infants and Children: In gonmldmmnydosmq s
recommended for infants and younsg chikiren {under age 10}.
n the newbom pencd, renal claararce of digoxin is
dimnished and suhable dosage adjustments musl be
obsarved. This is espacially pronounced in the pramature
infant. Beyond the immediate newbom period, children
generally require proportionally largar doses than aduits on
the basis of Dody weight of Doy Surface arse.
Children ovar 10 ysdrs of age require adutt dosages in
proportion 1o their body waight. Some rasearchers have
suggested that infants and young chitdren tolrate siightly
highar serum concentrations than 30 adults.
Dmmmmmmamwmurlwm
Tabie 5 and should provide therapeutic effects with mawmum
nskoflnndtyinmmm.mmmnmmm
asswnnmoumotmmllrmdmm:

Table 5: Duily Malntenance Doses In Chilkiren with Normal
Penal Function

r Daily Maintararce Dose
Age Imegg)

205 years 1010 15

Sto10years | 7 W10

Ovartbyears | 3 10 5

In chiiran with renal disaase, digoxin must be carsfutty
titrated based upon clinical response.

11/23/69, 2:08 PM

availabla i botties of 100s, 1000s and 5000s.

Digoxin Tablets, USP 250 meg (0.25 mek:

Whils, round tablets, and imprinied with ‘A 146’ cn the scored
side of the tablet.

Available in botties af 100s, 10008 and 50008

Store at 25°C (TT°F); excursions permitted to 15°-30°C
($5"-96°F) [s8e USF Controlied Foom Tamperature|

Oisp 1 & tight, light: { container as defined in the
USP.

Tena?
con

11499
MANUFACTURED BY

AMIDE PHARMACEUTICAL, INC.,
101 East Main Street, Litie Falls, NJ 07424 USA
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100 TABLETs o ome 7 I
‘ * -02
PRI

-gm{de . Each Tabiel Containg:

Drgoxin USP m .
NOC 52152146002 For :ndicationg. dosag.:?re‘:‘g’r:g"‘is i ””“”), ”M” ,l"
8¢ . sea accompanying pack 'n
DIGOXIN 'P:‘,f“t”ge " -;ni;h‘: | r;
= al ras P
TABLETS, USP - _iuw -g"‘l,é%\ S L S i )
it -‘:-\_ Vorh A AMIDETPHARMACEUTICAL. INC.
250 mcg (0.25 mg) “ﬁ Uit S Sioat”
Rx only : [ '\‘\& Voo . Contral Ng
100 TABLETS : = ofifC 2 3 1999
TEATG2
[
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For indications, dosage, precautions,
etc., ses accompanying package insert, N s
*52152-146-05

NDC 52152-146-05
Dispense in a tight, light-resistant

D I G OXI N container as defined in the USP.
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101 East Main Straet
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CENTER FOR DRUG EVALUATION AND RESEARCH

Application Number 40-282

CHEMISTRY REVIEW(S)



OFFICE OF GENERIC DRUGS
CHEMISTRY, MANUFACTURING AND CONTROLS REVIEW

CHEMTS T S“REVERN-NO. 4

ANDA# 40-282

NAME AND ADDRESS OF APPLICANT
Amide Pharmaceutical, Inc.
101 East Main Street

Little Falls, NJ 07424

LEGAL BASIS FOR ANDA SUBMISSION

The application is based on the reference listed drug
T,anoxin® Tablets manufactured by Glaxo Wellcome

(NDA 20-405). Amide had been marketing this product under
the batch certification program (CEFR 310.500), but received
exemption from certification on 7/20/95. BAmide then -
submitted an ANDA on 12/6/95, but the application was not
accepted for filing since at that time there was no
reference listed drug (RLD). On 9/30/97 FDA approved Glaxo
Wellcome's NDA thus permitting OGD to accept a resubmissilon
of Amide's ANDA (see review section #17 for further
details).

SUPPLEMENT (s)
N/A

PROPRIETARY NAME
N/A

NONPROPRIETARY NAME
Digoxin Tablets USP

SUPPLEMENT (s) PROVIDE (s) FOR
N/R

AMENDMENTS AND OTHER DATES

Firm:

Original Submission: 10/21/97

New Correspondence: 1/28/98

New Correspondence: 3/26/98

Major Amendment: 8/19/98

Minor Amendment: 4/12/99

Minor Amendment: 8/11/99

Minor Amendment: 11/12/99 (labeling)
Minor Amendment: 11/24/99 (labeling}




ANDA 40-282 Page 2

FDA:

Acceptance to File: 12/11/97
Major Deficiency Letter: 8/7/98
Minor Deficiency Letter: 3/30/99
Minor Deficiency Letter: 6/18/99

10. PHARMACOLOGICAL CATEGORY 11. HOW DISPENSED
Cardiotonic glycoside Rx

12. RELATED IND/NDA/DMFs

edient)

13. DOSAGE FORM/ROUTE OF ADMINISTRATION
Tablets/Oral

14, STRENGTH(s)
0.125 mg & 0.25 mg

15. CHEMICAL NAME AND STRUCTURE

38-[(0-2, 6-Dideoxy-B-D-ribo-hexopyranosyl-(1-4)-0-2,6~-
dideoxy—ﬁ—D—ribo—hexopyranosyl—(1*4)-2,6—dideoxy—B—D—ribo-
hexopyranosyl)oxy]-l2B,14—dihydroxy—53—card—20(22)—enolide.
CAS [20830-75-5]

C4:1Hea014 780,96



ANDA 40-282 Page 3

16.

17.

18.

19,

RECORDS AND REPORTS
N/RA

COMMENTS

I draft federal register notice declared digoxin tablets to
be a new drug and cn 9/30/97 FDA approved Glaxo Wellcome's
NDA for Lanoxin Tablets. Pricr to this, digoxin rablets
were considered a "grandfather drug" by the Agency and had
been legally marketed without an approved application since
1936. The subject ANDA represents the first generic
application accepted for digoxin tablets, although Amide and
other firms are presently marketing the product under the
batch certification program. When the federal register
notice is finalized, all firms will have to have an approved
application in order to market this product.

All CMC issues have been resolved with the 8/11/99 minor
amendment. A labeling approval summary has been completed.
The EER is acceptable, and the bio-study was found
acceptable by the Division of Bioequivalence. It is to be
noted that that portion of the ANDA relating to the 0.5 mg
tablet was voluntarily withdrawn by Amide on 3/26/98, based
on the fact that the innovator is no longer marketing
Lanoxin 0.5 mg

CONCLUSIONS/RECOMMENDATIONS
Approval recommended

REVIEWER R R DATE COMPLETED
Susan Rosencrance L yey 10/26/99; 11/29/99 (with

amended labeling)
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CENTER FOR DRUG EVALUATION AND RESEARCH

Application Number 40-282

BIOEQUIVALENCE REVIEW(S)



: - 18199
BIOEQUIVALENCY COMMENTS TO BE PROVIDED TO THE APPLICANTS

ANDA: 40-282 APPLICANT: Amide Pharmaceutical, Inc.

DRUG PRODUCT: Digoxin Tablets, USP, 0.125 mg and 0.25 mg

The Division of Biocequivalence has completed its review
of your submission(s) acknowledged on the cover sheet
and has no further questions at this time.

The dissolution testing as specified in USP 23 should
be incorporated into your stability and quality control
programs.

Please note that the biocegquivalency comments provided

in this communication are preliminary. These comments

are subject to revision after review of the entire

application, upon consideration of the chemistry, -
manufacturing and controls, microbiology, lakeling, or

other scientific or regulatory issues. Please be

advised that these regulatory reviews may result in the

need for additional bicequivalency information and/or

studies, or may result in a conclusion that the

proposed formulation in not approvable.

Sincerely yours,

—
L e
) -1

Dale P. Conner, Pharm.D.

Director, Division of Bicequivalence
Qffice of Generic Drugs

Center for Drug Evaluation and Research



3.1

BIOCEQUIVALENCY COMMENTS TO BE PROVIDED TO THE APPLICANTS
ANDA: 40-282 APPLICANT: Amide Pharmaceutical, Inc.

DRUG PRODUCT: Digoxin Tablets, USP, 0.125 mg and 0.25 mg

The Division of Biocequivalence has completed its review
of your submission(s) acknowledged on the cover sheet
and has no further questions at this time.

The dissolution testing as specified in USP 23 should
be incorporated into your stability and guality control
programs .

Please note that the bicequivalency comments provided
in this communication are preliminary. These comments
are subject to revision after review of the entire
application, upon consideraticn of the chemistry,
manufacturing and controls, microbiolegy, labeling, or
other scientific or regulatory issues. Please be
advised that these requlatory reviews may result in the
need for additional bicequivalency information and/or
studies, or may result in a conclusion that the
proposed formulatien in not approvable.

Sincerely yours,

Dale P. Cohner, Pharm.D.

Director, Division of Bioceguivalence
Office of Generic Drugs

Center for Drug Evaluation and Research
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Fig. 1: Digoxin Tablet (2x0.25mg) Mean Serum
Concentration-Time Plot; Food Study, n=19
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AMIDE PHARMACEUTICAL, INC.

DIGOXIN TABLETS 0.125 mg

Comparative Product Profile for Digoxin 0.125 mg Tablets

4:10PM; JetFax #588;Page 2/2

PRODUCT _ |Digoxin Tablets 0.125 mg Tanoxin Tablets 0.125 mg
MFG. BY Amide Pharmaceuticaal, Inc. Glaxo Welicome
BATCH TYPE}Production Brand
MFG DATE |Sept 1988 N/A
EXP. Qct 2000 April 2001
Batch # 8327A1 8ES5189
Assay 100.1 98.2
Content Uniformity
1 98.6 1037
2 498.5 103.2
3 98.6 1031
4 98.5 103.4
5 1008 99.4
6 08.8 97.2 -
7 8.9 98.1
8 98.5 86.2
9 8.9 98.7
10 101.0 28.3
Average 29.1 100.4
RSD 1.0 26
Dissolution
Dissolution |Apparatus: | (Basket)
Conditions |Media: 500 mL, 0.1N HCI
RPM: 120 Temp: 37C 1
Sampling Time: 15, 30, 45 and 60 min.
Limits:
Time 15 min T30 min |45 min |80 min _§15 min [30 min [45 min |60 min
1 _
2
3 (
4
5
8 3
7 ST o
8
9
10
11
12
Average B80R] 878] 5238 61| 736] 835 8a3] 980
St Dev. 2.3 1.4 1.3 2.2 2.0 1.4 0.8 26
RSD 28 1.6 1.4 2.2 2.8 1.6 0.9 2.7
High as7 89.6 84.5 101.6] 778] 862 80.7] 103.5
L.ow 78.2 85.9 90.7 94.4 70.9 81.8 88.3 a4 2




Digoxin Tablets, USP Amide Pharmaceutical, Inc

0.125 and 0.250 mg Little Falls, NJ
ANDA # 40-282 Submission Date:
Reviewer: Chandra S. Chaurasia February 22, 1999

MARCH 1 90

Review of an Amendment: Biocequivalent Study and Dissolution
Testing

I. Objective:

Review of Amide’s amendment dated 02/22/99. The firm has
submitted results of a food study and dissolution testing
comparing its Digoxin Tablets, 0.25 mg strength, to Glaxo
Wellcome’s Lanoxin’ Tablets, 0.25 mg strength. The firm has also
requested for a biowaiver on the lower strength (0.125 mg) of the
test drug digoxin.

IX. Background

Amide had eatrlier submitted an acceptable in vivo biocequivalence
study under fasting conditions comparing its digoxin 0.25 mg
tablets to Glaxo Wellcome’s Lanoxin’ Tablets, 0.25 mg (submissicn
date 10/21/97, review date 03/26/98, Reviewer Dr. Moo Park).
However, the study was found incomplete due to the deficiencies
mentioned below.

Deficiencies

i. Pharmacokinetic information in the PDR and the literature
indicates that oral digoxin absocorption is affected by food.
A food study is recommended in addition to the current study
under fasting conditions.

2. Only dissolution data at 15 minutes and 60 minutes were
presented without a clear description of the dissolution
method used. It is recommended that the firm describe the
dissolution method used where the comparative dissolution
data are being presented. Recommended sampling times are at
15, 30, 45 and 60 minutes to obtain a dissclution-time
profile. Mean dissolution, range and %CV should be
presented at each sampling point for the test and reference
products in a tabular format.



For the 0.25 mg strength, the firm presented the dissolution
data for Lot #4330A together with the reference data for
comparison purposes instead of the data for the bio batch,
Lot #4337A.

3. Assay and content uniformity for the reference product
should be submitted.

4. The 0.5 mg strength of the reference product is a
discontinued item according to the Crange Book (17th
edition, supplement 11, 1997). A waiver request cannot be
considered until a determination is made whether the 0.5 mg
strength was withdrawn for safety or effectiveness reasons
per 21 CFR 314.61. A citizen petition has to be submitted
for the Agency to make a determination of withdrawal for
other than safety or effectiveness reasons.

IITI. REVIEW OF FIRM’S RESPONSE:
I1I.1. RESPONSE TO DEFICIENCY #l1

The firm has conducted a food study as recommended in the
deficiency letter. Review of this study is summarized below.

Study Details

Protocol No. 983038: A Three-Way Crossover Randomized Study to
Determine the Biocequivalence of Two Oral Digoxin Formulations in
a Fed State and Limited Food Effects Compared to One Formulation
in the Fasting State (2x0.25 mg Tablets)

A. Study Information

Clinical Site:

Principal Investigator:

Clinical Dates: n=21, Period 1: 10/21/98 to 10/23/98
n=21, Period 2: 11/18/98 to 11/20/98
n=21, Period 3: 12/16/98 to 12/18/98

Subjects: Entered - 21 normal healthy subjects (all males)
Completed - 189

Analytical Site:



Analysis Dates: 12/22/98 through 12/31/98

Storage Period: not more than 70 days at -80 °C
Study Design: Single-dose fed, three-way crossover
Washout Period: 28 days

Products Tested

Test Product: Digoxin tablets(0.25 mg)
Amide Pharmaceuticals, Inc.
*Lot #8287A2
Manufacturing Date 7/98
Expiration Date 7/00
Assay: 99.1%, Content Uniformity: 99.5% (RSD
0.7%)
Batch Size tablets
* (Please note the firm’s bio batch used for
the food study is different from the fasted
studies since the batch used in the fasted
study has expired).

Reference Product: Lanoxin® tablets (0.25 mg)
Glaxo Wellcome
Lot #8ZP0825, Expiration Date 4/00
Assay: 98.7%, Content Uniformity: 98.9% (RSD
0.4%)
Commercial Lot

Randeomization: A=test, fasted
B=test, fed
C=reference, fed

CAB: 1,9,17,21
BCA: 2,3,6,11
CBA: 4,5,14
ABC: 7,8,10,19
ACB: 12,15,18
BAC: 13,16,20

Inclusion/Exclusion Criteria: Listed in Vol. 3.2, page 41.
Subjects who participated in the study were in the age
range of 26-45 years, and within 10% of their ideal



body weight as specified in the protocol.

Restrictions/Confinement: Listed in Vol. 3.2, page 42. The
protocol also specified that subjects were not to take
any medication including OTC products, for 14 days
prior to the initial dose of medication, during the
study, or during the washout period. Subjects abstained
from xanthine- or caffeine-containing foods or
beverages within 24 hours prior to the initial dosing
and during the study. Subjects were confined from the
evening before dosing until after the 36-hr bloocd draw.
Subjects made return wvisit for the 48, 72, %6 120 and
144 hours blood draws.

Dosing: Subjects fasted overnight until 30 minutes prior to their
scheduled dosing time, when they were given standard
breakfast. Each oral dose (2x0.25 mg) was administered
with 240 mL of water.

Blood Sampling: Five mL each, prior to dosing (time 0) and at
0.5,0.75,1,1.33,1.67,2,2.33,2.67,3,4,6,8,12,156,
24,36,48,72, 96,120 and 144 hours post-dose. Bloocd
samples were allowed to clot at room temperature and
then centrifuged under refrigeration. Separated serum
samples were stored at -80°C pending analysis.

Analytical Method: r for serum digoxin. LOQ was
0.1 ng/mL.

Specificity: The firm has submitted specificity data of digoxin
antibody from The .
{(manufactured by ) ' ics,

It showed that the antibody is
specific for digoxin and its methyl and acetyl
derivatives, with an extremely low cross-reactivity
to other naturally occurring steroids that may be
present in patient samples. There is, however, an
observed cross-reactivity of 50% with deslanoside
and lanotoside C (Vol 3.6, pp 1227).

Linearity: Correlation coefficients of a 11 point standard
curve (0.051 to 5.889 ng/mL) for digoxin ranged
from 0.998 to 1.000 (Veol. 3.6, pp 1151,tab 3).

QC Samples: 0.257, 1.058 and 3.760 ng/mL



LOQ: 0.101 ng/mL (CV 5.7%) (Vol. 3.6 pp 1144&1149)

Accuracy Inter assay
QC samples: LQC 98.5%; MQC 104.7% and HQC 104.1%

Precision: Inter assay
QC samples: LQOC 7.2%; MQC 3.1% and HQC 1.7%

Stability: The analytical analyses for the fast and food
studies were conducted at the same site i.e.,
The

firm’s has previously submitted stability report
as part of its pre-study assay validation for
digoxin 0.25 mg tablets fasting bicequivalence
study. The report was reviewed and found
acceptable by the Agency (submission date
10/21/97, review date 03/26/98, Reviewer Dr. Moo
Park). In particular, the long term stability of
digoxin in human plasma and serum at -8C °C was
found to be satisfactory for 513 and 112 days,
respectively.
Missing Subject Values: In all, six samples corresponding to the
following subjects were not received, and thus not
considered wvalid for pharmaccokinetic measures.

Subject Period Collection Time
3 2 48 hr
9 2 g6 hr
11 3 120 and 144 hr
12 2 144 hr
21 3 36 hr

Comments: Analytical method is acceptable
B. Study Results

Clinical: Nineteen subjects out of a total of 21 enrolled
completed the study.

Dropouts: Two subjects-subject #14 was withdrawn during Period 2
due to medical events and subject #16 was withdrawn
before Period 2 due to a positive drug screen.

Adverse events: Subjects were monitored for medical events



throughout the study as specified in the protocol.
Subject # 1,2,7,9,14 and 18 were examined by the

Medical aAdvisor.

No serious medical events were

reported during the study. Summary of medical events

are reported in Vol. 3.2, tables C3-C4,

Subject #14 experienced scre throat,
coughing,

headache, coughing mucus,
dizziness and sweating. These events were mild in
intensity and occurred between 2.7 hours prior to
Period 2 desing and 1.5 days after Period 2 dosing,
and were judged remotely related or unrelated to the
study drug. The subject was withdrawn from the study.
Protocol Deviations: None other than minor sampling deviations.
3.2, pages 176-177.

Summarized in table (C2,

Vol.

page 178-188.

head congestion,
loose stool,

Pharmacokinetic/Statistical Analysis: Pharmacokinetic Measures

are given in tables 1 below

Table 1.

Mean Serum Digoxin levels

ng/mL) and

(please alsc see Figure 1)

pharmacokinetic measures following an oral dose of 2x0.25

mg, digoxin tablet, fed conditiong, n=19

Time (hr) Test,,* Ref, .* Teat,,.* (Teat/Ref) .4

0.0 0.000 0.000 0.000 0.00
025 0.064(250) 0.301(143) 0.245(151) 0.21
0.5 0.539(89) 1.109(78) 1.246(72) 0.49
0.75 1.125(69) 1.567(45) 1.735(41) 0.72
1.0 1.467(52) 1.655(29) 1.832(31) 0.89
1.33 1.603(31) 1.600(22} 1.848(27) 1.00
1.67 1.456(21) 1.387(18) 1.638(30) 1.05
2.0 1.313(19) 1.242(20) 1.431(30) 1.06
2.33 1.172(24) 1.113(18) 1.237(29) 1.05
2.67 1.091(26) 1.030(23) 1.135(30) 1.06
3.0 0.993(30) 0.967(24) 1.061(33) 1.03
4.0 0.767(27) 0.781(26) 0.808(19) 0.98
6.0 0.484(21) 0.524(21) 0.545(18) 0.92
8.0 0.381(20) 0.437(186) 0.432(18) 0.87
12.0 0.337(20) 0.367(18) 0.347(22) 0.92
16.0 0.301(19) 0.345(19) 0.321(21) 0.87
24.0 0.334(18) 0.365(31) 0.322(21) 0.92
360 0.194(24) 0.225(25) 0.185(32) 0.86
48.0 0.167(51) 0.190(7) 0.164(45) 0.88
72.0 0.082(92) 0.133(23) 0.081(50) 0.62




*¥Data are arithmetic mean values (+S5.D)
Sratio of LSMeans

Statistics on AUC,/AUC,,, ratios for individual subjects:

Statistics on the AUCt/AUCinf ratios for individual subjects

are summarized in Table 2 below.

Table 2. Statistics on AUC_/AUC,,, Ratio

Treatment Mean Minimum Maximum
Test, ; (n=19) 0.742+0.059 0.595 0.830
Reference,,, (n=19} | 0.759+0.049 0.610 0.816
Test,,,. (n=18) 0.757+0.055 0.647 0.838

Comments:

1. The pharmacokinetic measures

(AUC,, AUC,, and C,,)

96.0 0.0451(35) 0.064(44) 0.047(131) 0.70
120.0 0.0064(36) 0.030(26) 0.013(291) 0.20
144.0 0.0064(36) 0.006(30) 0.000 1.00

*Data are arithmetic mean values (%CV})

PK Measures Test Reference T/RS

AUC. (ng*hr/mL}** 20.68+6.78 25.03:7.42

AUC; (ng*hr/mL)** 27.73+8.40 32.77:8.69

Crax (ng/mL) ** 1.88:0.48 1.93:0.48

toax (BT) 1.41:0.46 1.30:0.75

£,z (hr) 38.91+10.258 44.26+12.40

Ln AUC, 2.98+0.35 3.18:0.31

Geometric mean 19.59 23,98 0.84

Ln AUC, 3.28+0.32 3.46+.27

Geometric mean 26.48 31.67 0.86

Ln C,,, 0.60:0.25 0.63:0.26

Geometric mean 1.82 1.87 0.98

ratio of their 1ln transformed means were recalculated by
the reviewer. The reported walues are in agreement with
those obtained by the reviewer. There were no
statistically significant periocd effects for any of these

measures.

2. Ratios of means for AUC,, AUC,, and C,, between test non-
fasting and reference non-fasting are within the
acceptable limits of 80-125%.




C. Formulations: The formulations for test products are shown

below:
Amount Per Tablet
Ingredients 0.25 mg 0.125 mg
% (w/w) {mg/tab | ¥ (w/w) ! mg/tab
Digeoxin, USP 0.21 0.25 Q.12 0.125
Total ) | 100% | 120.0 |100% | 105

III.2. RESPONSE TO DEFICIENCY #2

In response to Agency's request, the firm has conducted
dissolution testing on its digoxin 0.125 and 0.25 mg tablets —
from the batches used in the food study where applicable. The
digsclution testing was conducted as per Agency’s recommended
sampling profiles i.e., at 15, 30, 45 and 60 minutes. Review of
dissolution testing is summarized below.

Please note: as per firm’s statement the dissolution profiles for
the batches used in the fasted study could not be performed since
the batches had expired.

DISSOLUTION TESTING: (USP Method, USP XXIII, p. 516)

Medium: 500 mL, 0.1N HCl at 37 °C

Apparatus: USP Apparatus 1 ({Basket}, 120 rpm

Sampling Time: 15,30, 45 and 60 minutes

Tolerance: [The USP specified tolerances are for percentages
dissolved, and are not to be interpreted as Q values.] Not
less than of the labeled amount of digoxin is dissoclved
in 60 minutes for the average of 12 Tablets tested, and no
individual Tablet has less than f the labeled amount of
digoxin dissolved in 60 minutes. If the amount of digoxin
dissolved in 60 minutes is more than for any individual



Tablet, the amount dissolved in 15 minutes 1s not more than
for each individual Tablet.

(Note Firm’s Proposed Tolerance: NLT minutes for
0.25 mg tablet, and NLT 0.125 mg
tablet, please see Attachment I)

Number of tablets: 12

Results: See Table 3 below:

Table 3. In Vitro Disscolution Testing

Drug name: Digoxin Tablets
Dose strengths: 0.125 mg Lot #8327a1, Exp.l10/00;

0.25 mg, Lot #8287A2, Exp. 07/00
RLD: Glaxo Wellcome’s Lanoxin® Tablets
Dose Strengths: 0.125 mg, Exp.04/01

0.25 mg, Exp. 04/00
Method: USP 23 Apparatus 1 (Basket)

120 rpm, 0.1N HC1 500 mL at 37 °C

Proposed Specifications:

Results of dissolution testing for 0.25 mg digoxin tablets

Sampling Test product Reference product Lanoxin
time (min) | Lot #8287A2, Exp. 07/00 Lot #BZP0825, Exp. 04/00

Strength 0.25 mg Strength 0.25 mg

Mean Range %CV Mean Range $CV
15 76.6% 1.7 75.1% 1.5
30 85.2% 2.4 84.3% 1.4
45 50.2% 2.0 90.6% 1.0
60 97.4% 0.8 98.2% 1.7

Results of dissolution testing for 0.125 mg digoxin tablets

Sampling Test product Reference product Lanoxin
time {(min) | Lot #8327A1, Exp. 10/00 Lot #8E518%, Exp. 04/01
Strength 0.125 mg Strength 0.125 mg
Mean Range ¥V Mean Range ¥CV
15 80.8% 2.8 73.6% 2.0
30 87.6% 1.6 83.5% ‘ 1.6
45 92.8% ' 1.4 89.3% 0.9
60 99.1% 2.2 98.0% 2.7




Comments:

1. The test and reference products used in the dissclution
testing were from the same lots as used in the in vivo
biocequivalence studies where applicable.

2. The formulation for the 0.125 mg strength is
proportionally similar to the 0.25 mg strength that
underwent biocequivalency testing.

3. The f, comparisons for test and reference products are
summarized in Table 4 below.

Table 4. f, Comparisons of Test and Reference Products

Digoxin Tablets (Dose Strength) f, Ratio
Test (0.125 mg) Reference (0.125 mg) 66.7
Test (0.125 mg) Test (0.25 mg) 75.8
Reference (0.125 mg) |Reference (0.25 mg) 91.7
Test (0.25 mg) Reference (0.25 mg) 92.7

4. Firm’'s dissolution data is acceptable.
III.3. RESPONSE TO DEFICIENCY #3

As per Agency'’s request, the firm has submitted assay and
content uniformity for the reference product (please see on
page 3 of this review under Products Tested).

Please Note: As per the firm’s statement content uniformity
for the reference product used for the fasted study was not
tested initially, therefore the data are not included.
Testing couldn’t be done at this time since the batch has
expired since December 1997.

ITI.4. RESPONSE TO DEFICIENCY #4

This deficiency was related to discontinuation of 0.5 mg
strength of the reference listed drug product from the
Orange Book (17" edition, supplement 11, 1997). The firm
had withdrawn the portion of the ANDA applicable to Digoxin
Tablets 0.5 mg.

10



Recommendations

1. The single-dose limited food bicequivalence study conducted
by Amide Pharmaceuticals, Inc., on its Digoxin, 0.25 mg,
tablets, Lot #8287A2, comparing it to Lanoxin® 0.25 mg
tablets, Lot #8ZP0825 has been found acceptable by the
Division of Bioequivalence. The firm has previously
conducted an acceptable single-dose fasting bicequivalence
study comparing its Digoxin, 0.25 mg tablets, Lot #4337A
with innovator’s Lanoxin 0.25 mg tablets, Lot # 4Y2215.
These studies demonstrate that Amide’s digoxin 0.25 mg,
tablets are biocegquivalent to the reference product Lanoxin’,
0.25 mg, tablets manufactured by Glaxo Wellcome.

2. The dissolution testing conducted by Amide Pharmaceutical,
Inc. on its Digoxin, 0.25 mg, tablets, Lot #8287A2, is
acceptable.

3. The dissolution testing conducted by Amide Pharmaceuticals

on its digoxin 0.125 mg, tablet, lot #8327A1 is acceptable.
The firm has conducted an acceptable in vivo biocequivalence
fasting and food .studies comparing its 0.25 mg tablet of
test product with 0.25 mg tablets of the reference product
Lanoxin’ manufactured by Glaxo Wellcome. The formulation for
the 0.125 mg strength is proporticnally similar to the 0.25
mg strength that underwent biocequivalency testing. Waiver of
in vivo bicequivalence study requirements for the 0.125 mg
strength, Digoxin tablets is granted. The 0.125 mg tablets
of Digoxin are therefore deemed bicequivalent to the 0.125
mg Lanoxin®’ tablets manufactured by Glaxo Wellcome.

4. The in vitro disscolution testing should be incorporated
into the firm’s manufacturing controls and stability
program. The dissolution testing should be conducted in 500
mL of 0.1 N HCl at 37 °C using USP Apparatus I (Basket) at
120 rpm. The test product should meet the following
gpecifications:

il
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BICEQUIVALENCY DEFICIENCIES
ANDA: 40-282 APPLICANT: Amide
DRUG PRODUCT: Digoxin Tablets, USP, ©.125 mg, 0.25 mg and 0.5 mg

The Division of Bioequivalence has completed its review of your
submission(s) acknowledged on the cover sheet. The follcocwing
deficiencies have been identified:

1. Pharmacokinetic information in the PDR and the literature
indicates that oral digoxin absorption is affected by food.
A food study is recommended in addition to the current study
under fasting conditions.

2. Only dissolution data at 15 minutes and 60 minutes were
presented without a clear description of the dissclution
method used. The dissolution method used should be clearly
described where the comparative dissolution data are being
presented. Recommended sampling times are 15, 30, 45 and 60
minutes to obtain a dissolution-time profile. It is
recommended that mean dissolution, range and %CV be
presented at each sampling point for the test and reference
products in a tabular format.

For the 0.25 mg strength, you presented the dissolution data
for Lot #4330A together with the reference data for
comparison purposes instead of the data for the bic batch,
Lot #4337A.

3. Submission of assay and content uniformity for the reference
product is advised.



The 0.5 mg strength of the reference listed drug product is
a discontinued item according to the Orange Book (17th
edition, supplement 11, 1597). A waiver request for this
strength cannot be considered until a determination is made
whether the 0.5 mg strength was withdrawn for safety or
effectiveness reasons per 21 CFR 314.61. A citizen petition
has to be submitted for the Agency to make a determination
of withdrawal for other than safety or effectiveness
reasons. However, in vivo bicequivalence studies may be
needed for the approval of the 0.5 mg strength.

Sincerely yours,

, 8L _
Dale P. Conner, Pharm. D.
Director, Division of Bicequivalence

Qffice of Generic Drugs
Center for Drug Evaluation and Research



Digoxin Tablets Amide Pharmaceutical

0.125 mg, 0.25 mg and 0.5 mg Little Falls, NJ

ANDA #40-282 Submission Date: 10/21/1997
Reviewer: Moo Pairk

Filename: 40282sdw.097

I. Obiective

Review of Amide’s in vivo bicequivalence study under fasting
conditions comparing its Digoxin Tablets, 0.25 mg strength, to
Glaxo Wellcome’s Lanoxin® Tablets, 0.25 mg strength. Dissolution
data and waiver requests for 0.125 mg and 0.5 mg strengths were
submitted for review.

II. Background

Digoxin is one of the cardiac glycosides, extracted from the
leaves of Digitalis lanata. Digoxin is practically insolubkle in
water and in ether; slightly soluble in diluted alcohol and in
chleoroform; and freely soluble in pyridine.

GI absorption of digoxin is a passive process. Glaxo Wellcome’s
Lanoxin® Tablets have shown absolute bicavailability of 60-80%.
When digoxin tablets are taken after meals, the rate of
absorption slows down, but the total amount of digoxin absorbed
does not change. Following drug administration, a 6 to 8 hour
distribution phase is observed. This is followed by a much more
gradual serum concentration decline. Clinical evidence indicates
that the early high serum concentrations do not reflect the
concentration of digoxin at its site of action, that with chronic
use, the steady-state post-distribution serum levels are in
equilibrium with tissue levels and correlate with pharmacologic
effects. Elimination of digoxin follows first-order kinetics.
Following intravenous administration to normal subjects, 50% to



70% of a digoxin dose is excreted unchanged in the urine. In
subjects with normal renal function, digoxin has a half-life of

1.5 to 2 days.

1II. Study Details

Protocol No.
Applicant
Study sites
Investigators

Study dates

Study design

Subjects

Drug products

Dosing

Food and
fluid

950048

Amide Pharmaceutical, Little Falls, NJ

Period 1: 7/6/95-7/14/95
Period 2: 8/17/95-8/25/95
Open-label, randomized, 2-way crossover study

under fasting conditions.

adult male volunteers
enrolled in the study, three subjects did not
complete the crossover study. Subject #1 was
withdrawn from the Period 2 due to the criteria
for heart rate. Subjects # 15 and 22 elected
to withdraw from the Period 2 study.

Qf the 26 healthy,

Treatment 1 (test product): Amide’s Digoxin
Tablets, 0.25 mg strength, Lot #4337A3.
Treatment 2{reference product): Glaxo
Wellcome’s Lanoxin® Tablets, 0.25 mg strength,
Lot #4Y2215; Expiry date: 12/97.

Single oral dose of 0.5 mg (=2 x 0.25 mg
tablets) digoxin with 240 mL water.

Subjects were required to fast overnight before
dosing and for 4 hours thereafter. Water was
not permitted for 2 hours before and 4 hours
after the dose, but were allowed at all other
times. Standard meals were provided at 4 and 9
hours after drug administration and at
appropriate times thereafter.



Housing

Washout

Blood samples

IRB

Informed
consent

Assay method
for blood
samples

Analytes

PK analysis

Statistical
analysis

Subjects were housed in the clinical facility
from 12 hours before dosing until after the 36-
hour blecod draw.

Six weeks between doses.

Blood samples (1 x 5 mL each) were collected in
Vacutainers containing EDTA at 0, 0.25, 0.5,
0.7, 1, 1.25, 1.5, 2, 3, 4, 6, 8, 12, le, 24,
36, 48, 72, 96, 120, 144, 168, and 192 hours
after dosing. Blood samples were allowed to
clot at room temperature and then centrifuged
under refrigeration. Separated serum samples
were stored at -80°C pending analys:is.

Instituticnal Review Board

Each subject read and signed the Informed
Consent form.

digoxin. LOQ was
0.1 ng/mL.

Digoxin in serum.

AUCT, AUCI, CMAX, TMAX, KE, and THALF were
calculated from the serum digoxin levels.

50% confidence intervals for log-transformed
AUCT, AUCI and CMAX were calculated.

IV. Assay Method Validation

A

procedure was used to determine serum digoxin

levels. A commercially available kit,

from

Diagnostics, was used in the assay.

The pre-study assay validation was conducted in sodium heparin
human plasma as the matrix. In order to apply the method in
human serum, method cross-validation was performed to demonstrate
that the assay performance in human serum was comparable to that
in sodium heparin plasma.



Pre-study validation

Specificity: The firm submitted specificity data of digoxin
antibody from It showed that
the antibody is specific for digoxin and its methyl and
acetyl derivatives, with an extremely low cross-reactivity
to other naturally occurring steroids that may be present in
patient samples. There is, however, an observed cross-
reactivicy of 50% with deslancside and lanotoside C.

Sensitivity: The lower limit of quantitation was 0.1 ng/mL.

Linearity: Data reduction of the ocutput from the gamma
counter was performed by the method. For
linearizing the standard curve, the response variable (bound
radicactivity) was Logit-transformed. The immuncassay dose-
response curve is described by y=a + b logx, where y is the
transformed response variable, x is the concentration and a
and b are constants. Standard curves for digoxin
concentrations ranging from 0.1 ng/mL to 4.84 ng/mL showed
mean correlation coefficient of 0.9998.

Precision and accuracy: Precision and accuracy data for
guality control samples (digoxin in human plasma) are shown

in Table IV-1. The data are acceptable.

Table IV-1l. Precision and Accuracy for QC Samples

Digoxin in Sodium Heparin Human Plasma

Matrix Conc, Type #Assay Precision | Accuracy

ng/mL Range of {Mean
¥CV FInput

Human 0.1 Intra- 5 3.5-12.1 103

plasma assay

Human 0.25 Intra- 5 2.1-5.2 99.2

plasma ' agsay

Human 1.01 Intra- 5 0.5-3.0 101

plasma assay

Human 3.63 Intra- 5 1.1-5.1 101

plasma assay




Human 5.376 Intra- 2 10 6-2.6 101
plasma assay
Human 0.101 Intra- 3 10 6-6.3 98.9
serum assay
Human 0.252 Intra- 1 10 .6 85.6
serum assay
Human 1.008 Intra- 1 10 .6 106
serum assay
Human 3.584 Intra- 1 10 .5 103
serum assay
Human 5.376 Intra- 1 10 .2 58.7
serum assay
5. Stability: Stability data are summarized in Table IV-2. The
data are acceptable.
Table IV-2. Stability Data

Digoxin

Sample Conc, Storage n ¥Initial cv
ng/mL condition

Digoxin in human 0.25 6 hrs @RT 10 [98.5 .5
plasma
Digoxin in human 3.63 6 hrs @RT 10 | 101 .5
plasma
Digoxin in human 0.25 3 freeze- 10 | 93.7 .8
plasma thaw cycles
Digoxin in human 3.63 3 freeze- 10 [98.1 .7
plasma thaw cycles
Digoxin in human 0.25 513 days 10 | 96.5 .4
plasma @-80°C
Digoxin in human 3.63 513 days 10 | 102 .9
plasma @-80°C




Digoxin in human .25 35 days 10 | 101
plasma @-20°C

Digoxin in human .63 35 days 10 | 104
plasma @-20°C

Digoxin in human .252 11.5 hrs @RT |10 | 97.
serum

Digoxin in human .584 11.5 hrs @RT |10 | 99.
serum

Digoxin in human .252 3 freeze- 10 | 101
serum thaw cycles

Digoxin in human .584 3 freeze- 1¢ {104
serum thaw cycles

Digoxin in human .2582 112 days 10 | 98.
serum @-80°C

Digoxin in human .584 112 days 10 | 106
serum @-80°C

Of the 26 healthy adult male volunteers, three subjects did not
complete the crossover. Subject #1 was withdrawn from the Period
2 due to the criteria for heart rate. Subjects # 15 and 22
elected to withdraw from the Period 2 study. This reviewer
disqualified the Subject #23 due to the vomiting at 2.4 hours
after the dosing. Therefore, data for the 22 subjects were used
in the PK and statistical analyses. The firm reported the
results based on the study analyses on 23 subjects including
Subject #23.

Protocol deviation: The protocol specified 28 subjects. However,
only 26 volunteers were enrolled due to unexpected dropouts.
There were relatively minor deviations in sampling times and food
and beverage consumptions. The firm concluded that the
deviations reported were unlikely to affect the bicavailability
comparison.

Medical events: Nine subjects reported 28 events under the test



product and 7 subjects reported 18 events under the reference
products. Under the test product, Subject #17 began to vomit at
1.5 days after the dosing and Subject #23 vomited at 2.4 hours
after the dosing. Most of the events were mild.

Mean serum digoxin levelsg: The mean serum digoxin-time profiles

for the test and reference products were comparable as shown in

Table V-A-1 and Fig P-1. The peak mean serum digoxin levels for
the test and reference products were 1.89 ng/mL and 1.75 ng/mL,

both occurring at 1 hour.

TABLE V-A-1. MEAN SERUM DIGOXIN LEVELS FOR TEST AND REFERENCE PRODUCTS
UNDER FASTING CONDITIONS
UNIT: SERUM LEVEL=NG/ML TIME=HRS
MEAN1=TEST; MEAN2=REFERENCE; RMEAN12=MEAN1/MEANZ RATIO
SD=STANDARD DEVIATION
Test Lot #4337A3; Ref Lot #4Y2215

| | MEANL | sD1 | MEAN2 | sD2 | RMEAN12 |
R Fmmmm e Hmmmmmm - mmmmmm - Fommmemmee Fmmmmmam |
|TIME HR | | [ | | |
|o | 0.00} 0.00] 0.00] 0.00]| .
|9.25 | 0.28! 0.31] 0.25]| 0.37] 1.14]
|a.5 | 1.16} 0.71] 1.13 0.56]| 1.03]
[0.75 | 1.71] 0.53{ 1.62] 0.44] 1.06]
i1 | 1.89| 0.44] 1.75] 0.34) 1.08]
J1.25 | 1.85} 0.45] 1.69] 6.37} 1.10]
J]1.5 | 1.73] 0.41] 1.58] 0.34} 1.10]
[2 | 1.45] 0.31] 1.39] 0.40/ 1.04]
i3 | 1.11} 0.28] 1.14] 6.27] 0.98]
2 | 0.94| 0.27] 0.95] 0.241 0.98]
|8 | 0.64] 0.14 ] 0.64| 0.13] 1.00]|
|8 | 0.47| 0.11] 0.46| 6.07| 1.03|
{12 ! 0.37] 0.08]| 0.3¢| 0.08| 1.01]
{18 f 0.35]| 0.07]| 0.33] 0.06| 1.04|
24 | 0.35] 0.09] 0.36] 0.07]| 0.99]|
(38 ! 0.22] 0.05] 0.22} 0.05] 0.99]
l48 } 0.21] 0.04] 0.21] 0.05] 0.98]
72 | 0.14] 0.06} 0.13] 0.06| 1.03]
|96 | 0.07]| 0.07] 6.07| 0.07] 1.00]
|120 | 0.04| 0.05] 0.04]| 0.06| 0.89]
|144 ! 0.00] 0.00]| 0.02| 0.04] 0.00}
|168 ! 0.00] 0.00] g.00] 0.00]| L
192 | 0.00] 0.00] 0.00]| 0.00] I

Ax.a and : 2 Arithmetic and
geometric means for the pharmacokinetic parameters for the test
and reference products were summarized in Table V-A-2. The 90%
confidence intervals and the test/reference ratios for the log-
transformed least-squares means for AUCT, AUCI and CMAX were
summarized in Table V-A-3. The 90% confidence intervals for the




log-transformed AUCT, AUCI and CMAX were all within 80-125%
range.

Sequence effect was found significant with the log-transformed
AUCT and AUCI.

TABLE V-A-2. ARITHMETIC/GEOMETRIC MERNS AND TEST/REF RATIOS FOR DIGOXIN
UNDER FASTING CONDITIONS
UNIT: AUC=NG HR/ML CMAX=NG/ML TMAX=HR
LOG-TRANSFORMED DATA WERE CONVERTED TC ANTI-LOG
MEAN1=TEST; MEAN2=REFERENCE; RMEAN12=MEAN1/MEAN2 RATIO
SD=STANDARD DEVIATION

[ | MEAN1 | sp1 | MEAN2 |  SD2 | RMEAN12 |
R R oo D Rl Fom e AR EE e !
| PARAMETER I | | I I I
faucI | 36.051 8.88] 36.55] 10.12] 0.99]
aucT | 26.48| 6.76 | 26 .81 7.43]| 0.39|
| CMAX | 2.10/ 0.42] 1.93| 0.32] 1.09]
|KE | 0.01] 0.00] 0.01| 0.01] 1.01]
|LAaUCT | 34.90] 0.27{ 35.25]| 0.28] 0.99]
| LAUCT | 25.58] 0.28] 25.83 | 0.28] 0.99|
| LCMAX | 2.06| 0.20] 1.90] 0.16 | 1.08]
| THALF | 51.82] 15.27| 55.54 | 20.62] 0.93]

| 1.18] 0.691 1.38] 0.89]| 2.86}

TABRLE V-A-3. LSMEANS AND 30% CONFIDENCE INTERVALS FOR DIGOXIN
UNDER FASTING CONDITIONS
UNIT: AUC=NG HR/ML CMAX=NG/ML TMAX=HR
LOG-TRANSFORMED DATA WERE CONVERTED TO ANTI-LOG
LSM1=TEST; LSM2=REFERENCE; RLSM12=LSM1/LSM2 RATIO
LOWCI12=LOWER 90% CI; UPPCI12=UPPER $0% CI

| | LsM1 | LSM2 | RLSM12 | LOWCI12 | UPPCI12 |
I Fomommem- - P T D D R |
| PARAMETER I | I I | |
| AUCT | 35.48 36.28| 0.98} 89.20| 106.35]
| AUCT | 26.43]| 26.62| 0.99) 90.87| 107.67)
| CMAX | 2.09| 1.93] 1.08] 100.77] 115.79|
| LAUCT | 34.29] 34.99| 0.98] 8%.57) 107.20]
| LAUCT | 25.58] 25.64| 1.00] 91.54) 108.73}
| LCMAX ! 2.05] 1.91] 1.07] 99.79}  115.85|

Statistics on the test/reference ratios for individual subjects
were summarized in Table V-A-4.



TABLE V-A-4. STATISTICS ON THE TEST/REFERENCE RATIOS

Variable N Mean Std Dev Minimum Masimum
RAUCTL2 22 1.02 .23 0.83% 1.55
RAUCI12 20 1.00 0.24 0.63 1.59
RCMAX12 22 1.10 0.21 0.71 1.45
RTMAX]12 22 1.07 0.55 0.17 2.00
RKE12 20 1.17 G.59 0.63 3.17
RTHALF12 20 0.99 0.34 0.31 1.60

Statistics on the AUCT/AUCI ratios for individual subjects were
summarized in Table V-A-5.

TABLE V-A-5. STATISTICS ON AUCT/AUCI RATICS

hAnalysis Variable : AUCRATIO

--------------------------------------------- TRT=]l ~rm-v-—-rr----— - emececcccucccce e s a o
N Maan Std Dewv Minimum Maximum
20 0.7% 0.03 0.68 0.80
--------------------------------------------- TRT=2 —-=--- - == =~== ===
N Mean 5td Dev Minimum Maximum
22 0.74 0.06 0.61 0.83

1. Formulation

Test formulations for the 0.125 mg, 0.25 mg, and 0.5 mg strengths
are shown in Table VI-1.
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Table VI-1. Test Formulations
Ingredient 0.125 mg 0.25 mg 0.5 mg
Digoxin, USP 0.1275 0.255 0.515

n o ) fd

M "\P ¢ M\)\,JA/
- I'\(\

, i
I e Wt 1omer s ! T
t -
Total weight 105 120 130

2. Assay and content uniformity

Table VI-2 summarizes the assay and content uniformity for the

test and reference products.
not submitted.

Table VI-2. Assay and Content Uniformity

Data for the reference product were

Product

Assay, %

Content

(%CV)

Amide’s Digoxin Tablets 0.25
mg; Lot #4337A

Glaxo Wellcome’s Lanoxin®
Tablets, 0.25 mg; Lot
#4Y2215; Expiry date: 12/97

Uniformity, %
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VII. Disgeolution

Cnly dissolution data at 15 minutes and 60 minutes were submitted
without clear description of dissolution method used as shown in
Table VII-1. The dissolution data submitted are not satisfactory
even though the mean dissolution at 60 minutes for the test and
reference products meet the USP specifications. The firm should
describe the dissolution method clearly where the comparative
dissolution data are being presented. Sampling should be done at
15, 30, 45 and 60 minutes to obtain a dissolution-time prefile.
Mean dissolution, range and %CV should be presented at each
sampling point for the test and reference products in a tabular
format.

VIII.  Comments

1. Iwo-way crossover study under fastipng copditions: Of the 26

healthy adult male volunteers, three subjects did not
complete the crossover. Subject #23 was removed from the
data analyses due to vomiting at 2.4 hours after dosing.
Twenty-two subjects were used in the data analyses. The mean
serum digoxin-time profiles for the test and reference
products were comparable. The 90% confidence intervals for
log-transformed AUCT, AUCI and CMAX were all within the 80-
125% range.

2. Post prandial study: Pharmacokinetic information in the PDR

and the literature indicates that digoxin absorption is
affected by fooed. A food study should be performed in
addition to the study under fasting conditions.

3. Assay method validation for the serum samples is acceptable.

4. Only dissolution data at 15 minutes and 60 minutes were
summarized without a clear description of the dissolution
method used. The dissolution data submitted are not
satisfactory even though the mean dissolution at 60 minutes
for the test and reference products meet the USP
specifications. The firm should describe the dissolution
method clearly where the disscolution data are being
presented. Sampling should be done at 15, 30, 45 and 60
minutes to obtain a dissclution-time profile. Mean
dissolution, range and %CV should be presented at each
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sampling point for the test and reference products in a
tabular format.

Nine subjects reported 28 events under the test product and
7 subjects reported 18 events under the reference product.
Under the test product, Subject #17 began to vomit at 1.5
days after the dosing and Subject #23 vomited at 2.4 hours
after the dosing. Most of the events were mild.

Assay and content uniformity for the test product were
acceptable. Assay and content uniformity for the reference
product should be submitted,

The batch size of the bio-batch (43373):
tablets.

The 0.5 mg strength of the reference product is a
discontinued item according to the Orange Book (17th
edition, supplement 11, 1997). Glaxo Welcome’s withdrawal
of 4 strengths (0.0625 mg, 0.1875 mg, 0.375 mg and 0.5 mg
tablets) was dated 9/30/97. A waliver request cannot be
considered until a determination is made whether the 0.5 mg
strength was withdrawn for safety or effectiveness reasons
per 21 CFR 314.61. A citizen petition has to be submitted
for the Agency to make a determination of withdrawal for
other than safety or effectiveness reasons.

Deficiencies

Pharmacokinetic information in the PDR and the literature
indicates that oral digoxin absorption is affected by food.
A food study is recommended in addition to the current study
under fasting conditions.

Only dissolution data at 15 minutes and 60 minutes were
presented without a clear description of the dissolution
method used. It is recommended that the firm describe the
dissolution method used where the comparative dissolution
data are being presented. Recommended sampling times are at
15, 30, 45 and 60 minutes to obtain a dissclution-time
profile. Mean dissolution, range and %CV should be
presented at each sampling point for the test and reference
products in a tabular format.
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For the 0.25 mg strength, the firm presented the dissoclution
data for Lot #4330A together with the reference data for
comparison purposes instead of the data for the bio batch,
Lot #4337A.

Assay and content uniformity for the reference product
should be submitted.

The 0.5 mg strength of the reference product is a
discontinued item according to the Orange Book (17th
edition, supplement 11, 1997). A waiver request cannot be
considered until a determination is made whether the 0.5 mg
strength was withdrawn for safety or effectiveness reasons
per 21 CFR 314.61. A citizen petition has to be submitted
for the Agency to make a determination of withdrawal for
other than safety or effectiveness reasons.
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X. Recommendation

The in vivo bicequivalence study under fasting conditions
conducted by Amide on its Digoxin Tablets, 0.25 mg strength, lot
#4337A, comparing it to Glaxo Wellcome’s Lanoxin® Tablets, 0.25
mg; Lot #4Y2215, has been found incomplete. The firm should
respond to the deficiencies #1-4.

The firm should be informed of the recommendation and
deficiencies #1-4.

- -

2

Moo Park,” Ph.D.
Chemist, Review Branch III
Division of Bicequivalence

RD INITIALED MMAKARY
FT INITIALED MMAKARY /?/

-

Concur: /S/ A Date: 3/24/?{

PO N

Dale P. Cdnner, Pharm.D.
Director
Division of Bioequivalence

File history: Draft {(2/26/98); Revised (3/25/98); Final (3/25/98)
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Table VII-1

In Vitro Dissolution Testing Data

I.

General Information

Drug Product (Generic
Name)

Digoxin Tablets

Strength 0.125 mg, 0.25 mg, and 0.5 mg tablets
ANDA Number 40-282
Applicant Amide

Reference Drug

Glaxo Wellcome’s Lanoxin® Tablets,

0.125

Product mg, 0.25 mg, and 0.5 mg strengths.
IT. USP Method for Dissolution Testing

Medium and Volume 0.1 N HCl; 500 mL

Apparatus and rpm I; 120 rpm

Time 60 min

Tolerances

Assay Method

IIT. Dissolution Data (%)

Time Tegt Product Reference Product
Lot No: 43184 Lot No: 3N1311
Strength: 0.125 mg Strength: 0.125 mg
No of Units: 12 No of Units: 12

Min Mean Range ¥CV Mean Range 5¥CV

15 83.7 51.0

60 98.9 72.9

Time Test Product Reference Product
Lot No: 4337A Lot No: 4Y2215
Strength: 0.25 mg Strength: 0.25 mg
No of Units: 12 No of Units: 12

Min Mean Range sCV Mean Range ’ x¥CV

15 73.9 4 67.8
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60 92.2 89.7

Time Test Product Reference Product
Lot No: 4296A Lot No: 2R1816
Strength: 0.5 mg Strength: 0.5 mg
No of Units: 12 No of Units: 12

Min Mean Range Mean Range

15 80.8 57.9

60 93.4 80.8
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BICEQUIVALENCY DEFICIENCIES
ANDA: 40-282 APPLICANT: Amide
DRUG PRODUCT: Digoxin Tablets, USP, ©0.125 mg, 0.25 mg and 0.5 mg

The Division of Bioequivalence has completed its review of your
submission(s) acknowledged on the cover sheet. The following
deficiencies have been identified:

1. Pharmacokinetic information in the PDR and the literature
indicates that oral digoxin absorption is affected by focd.
A food study is recommended in addition to the current study
under fasting conditions.

2. Only dissolution data at 15 minutes and 60 minutes were
presented without a clear description of the dissclution
method used. The dissolution method used should be clearly
described where the comparative dissclution data are being
presented. Recommended sampling times are 15, 30, 45 and 60.
minutes