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NDA 20-741/S-030

Novo Nordisk Inc.

Attention: Mary Ann McElligott, Ph.D.
Associate Vice President Regulatory Affairs
100 College Road West

Princeton, NJ 08540

Dear Dr. McElligott:

Please refer to your supplemental new drug application (SNDA) dated December 22, 2005, received
December 23, 2005, submitted under section 505(b) of the Federal Food, Drug, and Cosmetic Act for
Prandin (repaglinide) Tablets.

We acknowledge receipt of your submissions dated May 12 and June 14, 2006.

This supplement provides for changes to the package insert to include additional information in the
CLINICAL PHARMACOLOGY Section, Pharmacokinetics and Drug-Drug Interactions
subsections, and the PRECAUTIONS Section, Drug-Drug Interactions subsections based on data
from two in vitro studies, one with trimethoprim and a second with rifampin. This application also
includes additional adverse events in the ADVERSE REACTIONS section, in response to our letter
issued March 15, 2006.

We have completed our review of this application, as amended. This application is approved, effective
on the date of this letter, for use as recommended in the agreed-upon labeling text.

The final printed labeling (FPL) must be identical to the enclosed labeling (text for package insert
submitted on June 14, 2006).

Please submit an electronic version of the FPL according to the guidance for industry titled Providing
Regulatory Submissions in Electronic Format - NDA. Alternatively, you may submit 20 paper copies
of the FPL as soon as it is available but no more than 30 days after it is printed. Individually mount 15
of the copies on heavy-weight paper or similar material. For administrative purposes, designate this
submission "FPL for approved supplement NDA 20-741/S-030.” Approval of this submission by
FDA is not required before the labeling is used.

If you issue a letter communicating important information about this drug product (i.e., a “Dear Health
Care Professional” letter), we request that you submit a copy of the letter to this NDA and a copy to
the following address:
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MEDWATCH

Food and Drug Administration
WO 22, Room 4447

10903 New Hampshire Avenue
Silver Spring, MD 20993-0002

We remind you that you must comply with reporting requirements for an approved NDA
(21 CFR 314.80 and 314.81).

If you have any questions, call Lina AlJuburi, Regulatory Project Manager, at (301) 796-1168.

Sincerely,
{See appended electronic signature page}

Mary H. Parks, M.D.

Acting Director

Division of Metabolism and Endocrinology Products
Office of Drug Evaluation II

Center for Drug Evaluation and Research

Enclosure: Package Insert



This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.

Mary Parks
6/19/2006 09:12:26 PM
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%?’7‘] novo nordisk’

PRANDIN®

(repaglinide) Tablets (0.5, 1, and 2 mg)

Rx only

DESCRIPTION

PRANDIN® {repaglinide) is an oral blood glucose-lowevin?
drug of the meglitinide class used in the management of
1ype 2 diabetes mellitus (also known as non-insufin
dependent diabetes mellitus or NIDDM). Repagtinide,
S(+)2-ethoxy-4(2((3-mathyl-1-12-(1 -piperidinyl} phenyl)-
butyl} amino}-2-oxoethyl) benzoic acid, is chemically
unrelated to the oral sulfonylurea insulin secretagogues.
The struclural formuta is as shown below:

H 0]

HC o OH
N 0
CLrT,

Repagfinide is a white to off-white powder with
molecular formula Cyy Hyg Ny Os and a molecular weight
of 452.6. PRANDIN tablets contain 0.5 mg, 1 mg, or 2
mg of repaglinide. In-addition each tablet contains the
following inactive ingredients: calcium hydrogen
phosrhate (anhydrous), mictocrystalline cellulose, maize
starch, polacrilin potassium, povidone, glycerol (85%),
magnesium stearate, meglumine, and poloxamer.

The t mg and 2 m? tablets contain iron oxides (yellow
and red, respectively) as coloring agents.

CLINICAL PHARMACOLOGY

Mechanism of Action

Repaglinide lowers blood glucose levels by stimulating
the release of insulin from the pancreas. This action is
dependent upon functioning beta (B) cells in the
pancreatic islels. Insulin release is glucose-dependent
and diminishes at low glucose concentrations.

Repagtinide closes ATP-dependent potassium channels in
the B-cell membyrane by binding at characterizable sites.
This potassium channel blockade depolarizes the B-cell,
which leads to an opening of calcium channels. The
resulting increased caldum influx induces insulin
secretion. The ion channel mechanism is highly tissue
selective with low affinity for heart and skeletat muscle.

Pharmacokinetics
Absorption: After oral administration, repagfinide is
rapidly and completely absorbed from the gastrointestinal
lract. After single and sultiple oral doses in healthy
subjects or in palients, peak ptasma drug levels (Crod
occur within 1 hour (T, Repaglinide is rapidl)l
eliminated from the blood streamn with a half-life

These dala indicate that repaglinide did not accumulate
in serum. Clearance of oral repaglinide did not change
over the 0.5 - 4 mg dose range, indicating a linear
relationship hetween dose and plasma drug levels

Variability of Exposure: Repaglinide AUC afler multipte
doses of 0.25 to 4 mg with each meal varies over a wide
range. The intra-individual and inter-individual coefficients
of variation were 36% and 69%, respeclively, AUC over
the therapeutic dose range inciuded 69 to 1005
ng/mL*hr, but AUC exposure up to 5417 ng/mL* hr was
reached in dose escalalion studies withoul apparent
adverse consequences.

Special Populations:

Geriatric: Healthy volunteers were treated with a regi-
men of 2 mg taken before each of 3 meals. There were
no significant differences in repaglinide pharmacokinetics
between the group of patients <65 years of age and a
comparably sized group ol patients 265 years of age.
{See PRECAUYIONS, Geriatric Use)

Pediatric: No studies have been performed in pediatric
patienis. .

Gender: A comparison of pharmacokinetics in males and
females showed the AUC over the 0.5 mg to 4 mg dose
range to be 15% to 70% higher in femaﬂ*s with type 2
diabetes. This difference was not rellected in the
frequency of hypoglycemic episodes (male: 16%; female:
17%) or ather adverse events With respect to gendey,
no change in general dosage recommendation is
indicated since dosage for each patient should be
individualized to achieve optimal clinical response.

Race; No pharmacokinetic studies 1o assess the eflects of
race have been performed, butina U S. 1-year studyin
patients with type 2 diabates, the blood glucose-lowering
effect was comparable between Caucasians (n=297) and
African-Americans (n=33). In a U.S. dose-tesponse study,
there was no apparent difference in exposure (AUC)
between Caucasians (n=74) and Hispanirs (n=33),
Drug-Drug Interactions:

Drug interaclion studies performed in healthy volunteers
show that PRANDIN had no dlinically relevant effect on
the phanmacokinetic properlies of t}i(goxin, theophylline,
ot warfarin. Co-admministration of cimelidine wilL
PRANDIN did not significantly alter the absorption and
disposition of repaglinide.

Additionally, the lollowing drugs were studied in healthy
volunteers with ¢o-administration of PRANDIN. Listed
below are the results: .
Gemliibrozil and Itraconazole: Co-administration of
gemfibrozil (600 mg) and a single dose of 0.25 m‘g
PRANDIN (after 3 days of twice-daily 600 mg gemfibrozif)
resulted in an 8,1-fold higher repaglinide AUC and
prolonged repaglinide halt-life from 1.3 10 3.7 br.
Co-administration with itraconazole and a single dose of
0.25 mg PRANDIN (on Lhe third day of a regimen of

200 mg inilial dose, twice-daily 100 mg itraconazole)
resulted in a 1.4-fold higher repaglinide AUC.

C inistration of both fibrozil and itraconazole
with PRANDIN resulted in a 19-fold higher repaglinide
AUC and prolonged repagtinide haif-life 10 6.1hr.
Plasnva repaglinide concentration at 7 h increased
28.6-fold with gemfibrozit co-administration and
70.4-fold with the gemfibrozil-itraconazole combination
{see PRECAUTIONS, Drug-Drug Interactions).
Ketoconazole: Co-administration of 200 mg ketoconazole
and a single dose ol 2 mg PRANDIN (after 4 days of once
daily ketoconazole 200 mq) resulted in a 15% and 16%
increase in repaglinide AUT and ..., respectively The
increases were from 20.2 ng/ml. 10 23.5 ng/iml [Or Conae
and from 38.9 ng/mL*hr 1o 44.9 ng/mL *hr for AUC.

of 600 mg ritampin and a

approximately 1 hour. The mean absolute bi
is 56%. When repaglinide was given with food, the
mean T, Was not changed, but the mean Cpy and
AUC (area under the time/plasma concentration curve)
were decreased 20% and 12.4%, respectively.
Distribution: After intravenous (iv} dosing in healthy
subjects, the volume of distribution at steady state (Vss)
was 311, and the total body dearance (CL) was 38 L.
Protein binding and binding to htiman serum albumin
was greater than 98%.

Metaholi tinide is complotel balized by
oxidative biotransformation and direct conjugation with
glucuronic acid after either an IV or oral dose. The major
metabolites are an oxidized dicarboxylic acid (M2), the
areralic amine (M1), and the acyl glucuronide (M7).
The cytochrome P-450 enzyme system, specifically 2C8
and 3A4, have been shown to be involved in the
N-dealkylation of repaglinide to M2 and the further
oxidation to M1. Metabolites do not contribute to the
ghucose-lowering effect of repaglinide.

Excretion: Within 96 hours after dosing with
**C-repaglinide as a single, oral dose, approximately 90%
of the radiolabel was recovered in the feces and
approximately 8% in the urine. Only 0.1% of the dose is
cleared in the urine as parent compound. The major
metabolite (M2} accounted for 60% of the administered
dose. Less than 2% of parent drug was recovered in feces.
Pharmacokinetic Parameters; The pharmacokinetic

p of repaglinide obtained from a single-dose,
crossover study in healthy subjects and from a multiple-
dose, parallel, dose-proportionality (0.5, 1, 2 and 4 mg}
study in patients with typa 2 diabetes are summarized in
the following table:

ifampin: Co-admi "
single dose of 4 mg PRANDIN (alter 6 days of once daily
rifampin 600 mg) resulted in a 32% and 26% decrease
in repaglinide AUC and C,,, respectively The decreases
were from 40.4 ng/ml. to 29.7 ng/ml. {0 Cn,, and from
56.8 ng/mL*hr to 38.7 ng/mL*khw for AUC.

In another study, co-administration ot 600 mg rifampin
and a single dose of 4 mg PRANDIN (after 6 days of once
daily rifampin 600 mg) resulted in a 48% and 17%
decrease in repaglinide median AUC and median C oz
respectively. The median decreases were from

54 ng/ml_*hr to 28 neyml.*hr for AUC and from

35 ng/mL to 29 nml for Cp,. PRANDIN administered
by itself (after 7 days of once daily rifampin 600 mg)
resulted in an 80% and 79% decrease in repaglinide
mediagn AUC and Ca,,, respeclively. The decreases wete
from 54 ng/mL*hy Lo 11 ngAmL*hr for AUC and from

35 ng/ml to 7.5 ng/mi. for .

Levonorgesirel & Ethinyl Esiradiol: Co-administration of a
combination tablet of 0.15 mg levonorgestrel and 0.03
mg ethiny! estradiol administered once daily for 21 days
with 2 mg PRANDIN administered three times daily

{days 1-4) and a single dose on Day S resulted in 20%
increases in repagfinide, levonorgestrel, and ethinyl
estradiol C,.,,. The increase in repaglinide C,,,,, was from
40.5 ng/ml to 47.4 ng/miL. Ethinyl estradiof AUC
parameters were increased by 20%, while repaglinide
and tevonorgestrel AUC values remained unchanged,
Simvastatin: Co-administration of 20 mg si in and

necessary {or patients with mild to moderate renal
dysfunclion. I pati with type 2 diab
wha have severe renal function impairment should
initiate PRANDIN therapy with the 0.5 mg dase -
subsequently, patients should be carefully titrated.
Studies were not conducted in patients with
creatinine clearances below 20 mL/min or patients
with renat failure requiring hemodialysis.

Hepatic Insufficiency. A single-dose, open-label study
was conducted in 12 healthy subjects and 12 patients
with chronic liver disease (CL.D) r.fa&sified by Child-Pugh
scale and calfeine clearance, Patients wilh moderate to
severe impairment of liver function had higher and more
prolonged serum concentrations of both total and
unbaund repaglinide than healthy subjects (AUChwkry:
91.6 ng/mLAhr; AUC o pationss: 368.9 ng/mi*hr;

Cinas, veatiry: 46.7 NQ/ML; Co €113 purienss” 105.4 ng/mil).
AUC was statistically correlated with cafieine clearance,
No dilference in glucose profiles was observed across
patient groups. Patients with impaired liver function may
be exposed to higher concentrations of repaglinide and
its associated melabolites than would patients with
rnonmal hver function receiving usual doses. Therefore,
PRANDIN should be used cautiously in patients
with impaired liver function. Langer intervals
between dose adjustments should be utilized to
aliow full assessment of response.

Clinical Trials

A lour-week, double-blind, placebo-controlled
dose-response trial was conducted in 138 patients with
type 2 dizbetes using doses ranging from 0 25 to £ mg
Laken with each of three meals. PRANDIN therapy
resulted in dose- proportional glucose fowering over the
full dose range. Plasma insulin levels increased after
meals and reverted toward baseline before the next
meal. Most of the fasting blood glucose-lowering effect
was demonstrated within 1-2 weeks.

In a double-blind, placebo-conkolled, 3-month dose
titration study, PRANDIN or placebo doses for each
patient were increased weekly from 0.25 mg through
05, 1, and 2 mg, to a maximum of 4 mg, uniit a fasting
plasma ghicose (FPG) level <160 mig/d). was achieved or
the maximum dose reached. The dose thal achieved the
targeted control or the maximum dose was continued to
end of study. FPG and 2-hour post-prandial glucose (PPG)
increased in patients receiving placebo and decreased in
palients trealed with repaglinide. Differences between the
repaglinide- and placebo-treated groups were -61 mg/dt.
{FPG) and -104 mg/dt (PPG). The between-group change
in HbA,, which reflects long-lerm glycemic control, was
1.7% units.

PRANDIN vs. Placebo Treatment: Mean FPG, PPG,
and HbA,. Changes from basefine after 3 months of
treatment:

1: based on intent-to-treat analysis

*: pe 0.05, for pairwise comparisans with
PRANDIN and metformin.

#:p < 0.05, for pairwise comparison with
met{ormin,

A combiration therapy regimen of PRANDIN and
pioglitazone was compared to monotherapy
with either agent alone in a 24-week trial that
enrolled 246 patients previously treated with
sulforiylurea or metlormin monotherapy

{HbA > 7.0%). Numbers of patients lreated
were: PRANDIN (N = 61), pioglitazone (N = 62),
combination (N = 123} PRANDIN dosage was
titrated during the fist 12 weeks, followed by a 12-week
maintenance period Combination therapy resulted in
significantly greater improvement in ?chemic conteol as
compared to menotherapy (ligure below). The changes
from baseline for completers in F#G (mg/dL) and HbA,,
(%), respectively were: -39.8 and -Q 1 for PRANDIN, -35.3
and -0.1 lor pioglitazone and -92.4 and -1.9 lor the
combination, 1n this study where pioglitazone dosage was
kept canstant, the combination therapy group showed
dose-sparing effacts with respect to PRANDIN (see figure
|ugen£. The greater efficacy response of the combination
group was achieved at a lower daily repaglinide dosage
than in the PRANDIN monatherapy group. Mean weight
increases associated with combinalion, PRANDIN and
pioglitazone therapy were 5.5 kg, 0.3 kg, and 2.0 kg
respectively,

HbA,, Values from PRANDIN / Pioglitazone
Combination Study

—~ Peandi
0.5

o= Piandin

Change in HeA1c (5}

YRS 24
Treatment Week
HbA,, values by study week for patients who compleled
study (combinalion, N = 101; PRANDIN, N = 35, .
picglitazone, N = 26).
Subjects with FPG above 270 mg/dt, were withdrawn
from the study.
Pioglitazone dose: fixed at 30 mg/day; PRANDIN median
finat dose 6 mg/day for combination and 10 mg/day for
nonotherapy.

1 therapy regimen of PRANDIN and

FPG (mg/di)  PPG (mg/dl)  HbA; (%) A combi
FL R PL R Al R

Baseline 2153 2202 2452 2617 8.1 85

Change

from

Baseline 303 -31.0* 565 -47.6* 1.1 -08*

FPG = fasting plasma glucoss

PPG = post-prandial glucose

PL = placebo {N=33) -

R = repaglinide (N=66}

* p< 0 05 for between group difference

Another double-blind, placebo-controlled trial was
carried out in 362 patients treated for 24 weeks, The
efficacy of 1 and 4 mg preprandial doses was
demonstrated by lowering of fasting blood glucose and
by HbA,, at the end of the study. HbA; for the
PRANDIN- treated groups (1 and 4 mg groups combined)
at the end of the study was decreased compared 1o the
placebo-treated group in previously naive patients and in
patients previously treated with oral hypoﬁlycemic agents
by 2 1% units and 1.7% units, respectively In this
lixed-dose lrial, patients who were naive 10 oral
hypoglycemic agent therapy and patients in relatively
good glycemic control at baseline (HbA,, below 8%)
showed greater blood glucose-lowering including a
higher frequency of hypoglycemia. Patients who were
previously treated anJ who had baseline HbA, = 8%
reported hypoglycemia at the same rate as patients
randomized to placebo. There was no average gain in
body weight wien patients previously treated wath oral
hypoglycemic agents wera switched to PRANDIN, The
average weight gain in patients treated with PRANDIM and
not previously treated with sulfonylurea drugs was 3.3%.
The dosing of PRANDIN relative ta meal-related insulin
release was studied in three trials including 58 patients
Glycemic contral was maintained during a period in
which the meal and dosing pattern was varied (2, 3 or

4 meals per day; before meals x 2, 3, or 4} compared
with a period of 3 requiar meals and 3 doses per day
(before meals x 3). It was also shown that PRANDIN can

1 single dose of 2 mg PRANDIN (alter 4 days of once
datly simvastatin 20 mg and three times daily PRANDIN

2 mg} resuited in a 26% increase in repaglinide €.
from 23.6 ng/mil. to 29.7 ng/ml.. AUC was unchsnged.

i of 10 mg nifedipine with a

ine .
single dose of 2 mg PRANDIN {after 4 days of three limes
daily nifedipine 10'mg and three times daily PRANDIN 2

mg) resulted in unchanged AUC and Cpyy values for bath

Clanithromycin: Co-administration of 250 mg
darithromycin and a single dose of 0.25 mg PRANDIN
{after 4 days of twice daily ciarithromyrin 250 mg}
resulted in'a 40% and 67% increase in repaglinide AUC
and Cowy, respectively. The increase in AUC was from
5.3 ng/mL*hr to 7.5 ng/mL*hr and the increase in Cpe
was from 4.4 ng/mil. to 7.3 nginl.,

Trimethoprim. Co-administration of 160 ma trimethoprim
and a single dose of 0.25 mg PRANDIN (after 2 days of
twice daily and orne dose on the third day of trimethoptim
160 mg) resulted in a 61% and 41% increase in
repaglinide AUC and C,,,, respectively, The increase in
AUC was from 5.9 ng/mlL*hr to 9.6 ng/ml.*hr and the
increase in Cro,, was ftom 4.7 ng/ml 1o 6.6 ng/ml..

Renal Insufficiency. Single-dose and steady-state
harmacokinetics of repaglinide were compared
etween patients with lype 2 diabetes and normal renal
function (CrCl > 80 mil/min), mild to moderate renal
i (CrCl = 40 ~ 80 mL/min), and severe

a: dosed preprandially with three meals
Cl= lotal body clearance

Vss= volume of distribution at steady state
AbsBio = absolute bioavailability

8-1767-31-001-7

0 ~ 40 ml/min). Both
AUC and €,y of repaglinide were simitar in patients
with narmal and mild o moderately impaired renal
function (mean values 56.7 ng/mL*hr vs 57.2 ng/ml.*hr
and 37.5 ng/mil. vs 37.7 ng/mil, respectively.) Patients
with severely reduted renal function had elevated mean
AUC and C,uy, values (98.0 ng/mL*hr and 50.7 ng/ml,
respectively), but this study showed only a weak
correlation between repaglinide levels and crealinine
clearance. Initial dose adjustment does not appear to be

Parameter Patients wilh type 2
diabetes®
Dose AUCq.241, Mean 50 drugs.
. (.'?ImL 'T‘lr):
0.5mg 8.9 +154.4
1mg 125.8+129.8
2mg 1524+ 89.6
4 mg 447.4 £211.3
Dose Conaxoes o MeaN 250
(ng/mL):
0.5 mg 98% 102
1mg 183+ 8.1
2my 260+ 130
4 mg 658+ 30.1
Dose Trra05 b Means (SD}
0.5-4mg 18734 (03- 0.5 hr
Dose Ty, Means {fnd Range)
0.5-4mg 1.0 -1.4(0.4-8.0)hr
Parameter Healthy Subjects
CL based on i.v. 38+ 16 L/ Junction i
Vg based on wv. 31121 renal function impairment (CrCl
AbsBio 56+ 9%

be administered at the start of a meal, 15 minutes
hefore, ar 30 minutes before the meal with the same
blood glucose-lowering effect,

PRANDIN was compared to other insulin secretagogues
in 1-year led trials to di C ili

of efficacy and salety. Hypoglycemia was reported in
16% of 1228 PRANDIN patients, 20% of 417 glyburide
patients, and 19% of 81 glipizide patients. Of PRANDIN.
treated patients with symptomatic. h(puglycemia, none
developed coma or required hospitafizati

10N,

PRANDIN was studied in combination with metformin in
83 palients not satisfactorily controlled on exercise, diet,
and metformin alone. PRANDIN dosage was titrated for
4 to 8 weeks, followed by a 3-month maintenance
period. Combination therapy with PRANDIN and
metfarmin resulled in signilicantly greater improvement
in gycexnic control as compared to repaglinide or

in mor py. HbA,, was il by 1%
unit and FPG decreased by an addilional 35 modt. In
this study where melformin dosage was kept constant,
the combination therapy of FRANDIN and metformin
showed dose-sparing effects with respect to PRANDIN
The greater efficacy tesponse of the combination grotp
wass achieved at a lower daily repaglinide dosage than in
the PRANDIN monotherapy group {(see Table).
PRANDIN and Metformin Therapy: Mean Changes

from Baseline in Glycemic Parameters and Weight
After 4 to 5 Months of Treatment’

rosiglitazone was campared to monotherapy with either
agent alone in a 24-week 1rial that entolied 252 palients
previously treated with sulfonylurea or metformin
(HDA, > 7.0%). Combination therapy resulted in
significantly greater improvement in glycemic control as
compared (o menotherapy (table below). The glycemnic
effects of the combination therapy were dose-sparing
with respect to both total daity PRANDIN dosage and
{otal daily rosiglitazone dosage (see table legend).

A greater efficacy response of the combination therapy
group was achieved with half the median daily dose of
PRANDIM and rosiglitazone, as comparad to the
respectivé monnlherapy groups. Mean weight change
associated with combination therapy was greater than
that of PRANDIN monotherapy.

Mean Changes from Baseline in Glycemic
Parameters and Weight in a 24-Week PRANDIN/
Rosiglitazone Combination Study*

PRANDIN | Combination | Rosiglitazone

N 63 127 62
HbA, (%)
Baseline 9.3 9.1 2.0
Change by

24 weeks -017 -1.43* -0.56
FPG (mg/dL)
Baseline | 269 257 252
Change by

24 weeks -54 =94 -67
Chanﬁe in
Weight (kg)} +1.3 +4.5¢ +33

1: based on intent-lo-treat analysis

*: p-value £ 0.001 for comparison to either manotherapy
#: p-value < 0.001 for comparison 1o PRANDIN

Final median doses: rosiglitazone - 4 morday for
combination and 8 mg/day for monotherapy; PRANDIN -
6 mg/day for combination and 12 mg/day for monotherapy
INDICATIONS AND USAGE

PRANDIN is indicated as an adjunct to diet and exercise
to lnwer the blood glucose in patients with type 2
diabeles mellitus (NIDDM! whose hyperglycemia cannot
be controlled satisfactorily by diet and exercise alone.
PRANDIN i also indicated for combination therapy use
{with metiormin or thiazolidinediones) to lower blood
glucose in patients whose hyper?lycen\ia cannot be
controlled by diet and exercise plus monotherapy with
any ol the following agents: metformin, sullonylureas,
repaglinide, or thiazolidinediones. If glucose contrel has
not been achieved after a suitabie trial of combiration
therapy, consideration should be l‘j;iwan to discontinuing
these drugs and using insulin. Judgments should be
based on regular clinical and laboratory evaluations.

In initiating reatment for palients with type 2 diabietes,
diet and exercise should be emphasized as the primary
farm of treatment. Caloric restriction, weight loss, and
exercise are essential in the obese diabetic patient.
Proper dietary management and exercise alone may be
effective in controlling the blood glucose and symptoms
of hyperglycemia. In addition to regular ph);sical activity,
cardiovascular risk factors should be identified and
correclive measures taken where possible.

If this treatment program fails to reduce symptors
and/or blood glucose, the use of an oral hlood
glucose-lowering agent or insulin should be considered.
Use of PRANDIN must be viewed by both the physician
and patient as a treatment in addition to diet, and not as
a substitute for diet or as a convenient mechanism for

PRANDIN{ Combination tormin
N 28 27 27
Medical Final Dose 6 (PRANDIN}
{my/day) 12 1500 {metforminl - 1500
HbAs (% units) | -0.38 -1.41* -0.33
FPG (mg/dt} 88 39.2 -4.5
Weight {kg) 30 2.44 -0.90

A

avoiding dielary restraint. Furthermiore, loss of bloot
glucose control on diet alone may be transient, thus
requiring only short-term administration of PRANDIN.
During maintenance programs, PRANDIN should be
discontinued if satisfactory lowering of blood glucose is
no longer achieved. ludgrments should be based on
regular dinical and laboratory evaluations.

In considering the use of PRANDIN or other antidiabetic
therapies, it should be recognized (hat blood glucose



contral in type 2 diabetes has not been definitely
established (o be effective in praventing the long-term
cardiovascular complications of diabetes. However, in
patients with Type 1 diabetes, the Disbetes Control and
Complications Trial (DCCT) demonstrated that improved
glycemic control, as refiected by HbA, and fasting
glucose levels, was associated with a reduction in the
diabetic compiications retinopathy, neuropathy, and
nephropathy.

CONTRAINDICATIONS

PRANDIN is contraindicated in patients with:

1. Diabelic ketoacidosis, with or without coma.
This condition should be treated with insulin.

2 Typet diabetes.

3. Known hypersensilivity to the drug or its inactive
ingredienits,

PRECAUTIONS

General: PRANDIN is not indicated for use in combina-
tion with NPH-insulin (See ADVERSE REACTIONS,
Cardiovascular Events)

Hypoglycemia; Al oral blood glucose-lowering drugs
including repaglinide are capable of producing
hypoglycenia. Proper patient sefection, dosage, and
instructions to the patients are important to avoid
h(poglycemic episodes Hepatic insufficiency may cause
elevated repaglinide blood levels and may diminish
gluconeoganic capacity, both of which increase the risk
of serious hypoglycemia. Elderly, debilifated, or
malnourished patients, and those wilh adrenal, pituitary,
hepatic, or severe renal insufticiency may be particularly
susceptible Lo the hypoglycemic action of glucose-lowering
drugs.

Hypoglycemia may be difficult to recognize in the elderly
and in people taking beta-adrenergic blocking drugs.
Hypaglycernia is more likely to occur when caloric intake
is deficent, after severe or prolonged exercise, when
alcohol is ingested, or when more than one
glucose-lowering drug is used.

The frequency of hypoglycemia is greater in patients with
type Zegiabeles who hav)écle\ol been previously treated
with oral blood glucose-lowering drugs (nalve) or whose

HbA is less than 8%. PRANDIN should be administered

with meals 1o lessen the fisk of hypoglycemia.

Loss of Control of Blood Glucose: When a patient
stabilized on any diabetic regimen is exposed to stress
such as fever, trauma, infection, or surgery, a loss of
glycemic contral may occur. AL such Limes, it may be
necessary to discontinue PRANDIN and administer
insulin. The elfectiveness of any hypoglycemic drug in
lowering blood glucose to a desired level decreases in
many patients aver a period of time, which may be due
to progression of the severity of diabetes or to diminished
responsiveness to the drug. This phenomenon is known
as secondary failure, to distinguish it from primary failure
in which the drug is inefiective in an individual patient
when the drug is first given. Adequate adjustment ot
dose and adherence to diet should be assessed before
classifying a palient as a secondary failure,

Information For Patients
Patients should be informed of the potential risks and
advantages of PRANDIN and of alternative modes of
therapy. They should also be infonned about the
importance of adherence o dietary instructions, of a
regular exercise program, and of reqular lesting ol blood
glucose and HbA,.. The risks of hypoglycemia, its
symptoms and treatment, and conditions that predispose
to its development and concomitant administration of
ather glucoseJowen'ngf drugs should be explained to
patients and responsible lamily members. Primary and

- secondary failure should also be explained.

Patients should be instructed to take PRANDIN
before meals (2, 3, or 4 times a day preprandially).
Doses are usually taken within 15 minutes of the meat
but time may vary from immediately preceding the meal
10 as long as 30 minutes before the meal. Patients who
skip a meal (or add an extra meal) should be
instructed to skip {or add) a dose for that meal.

Laboratory Tests

Response 10 all diabetic therapies should be monitored
b{ periodic measurements of fasting blood glucose and
glycosylated hem'?'?lobin levels with a goal of decreasing
these levels towards the normal range During dose
adjustment, fasting glucose can be used to determine
the therapeutic response. Thereafter, both glucose and
glycasylated hemoglobin should be monitered,
G";cosylated hemoglobin may be espedially useful for
evaluating long-term glycemic control. Postprandial
glucose level testing may be dinically helpful in patients
whose pre-meal blood glucose levels are satisfactory but
whose overall glycemic contral (HbA, ) is inadequate.

Drug-Drug Interactions

In vitro data indicale that PRANDIN is metabolized by
Cytochrome P450 enzymes 2C8 and 3A4.
C q y. repaglini lism may be altered by
drugs which influence these cytochrome PA50 enzyme
systems via induction and inhibition. Caution should
therefore be used in patients who are on PRANDIN and
taking inhibitors and/or inducers of CYP2C8 and
CYP3A4, The effect may be very significant if both
enzymes are inhibited at the same time resulting in a
substantial increase in rcpa?llinide plasma concentrations.
Drugs that are known to inhibit CYP3A4 include
antifungal agents like ketoconazole, itraconazole, and
antibacterial agents fike erythromycin. Drugs that are
known to inhigil CYP2C8 include agenls like
timethoprim, gemfibrozil and montelukast. Drugs that
induce the CYP3A4 and/or 2C8 enzyme systems include
rifampin, barbiturates, and carbamezapine. See CLINICAL
PHARMACOLOGY scction, Drug-Drug Interactions,

In vivo data from a study that evaluated the
co-administration of a cytochrome PA50 enzyme 3A4
inhibitor, darithromycin, with PRANDIN resulled in a
clinically significant increase in repaglinide plasma levels. In
addition, an increase in repaglinide plasma levels was
oberved in a study that evaluated the co-administration
of PRANDIN with trimethoprim, a cytochrome PASQ
enzyme 2C8 inhibitor. These ircreases in repaglinide
plasma levels may necessitate a PRANDIN dose
adjustment. See CUNICAL PHARMACQOLOGY section,
Drug-Drug Interactions.

In vivo data from a study that evaluated the
co-adminislration of gemfibrozil with PRANDIN in healthy
subjects resulted in a significant increase in rep;i‘qlinide
blood levels. Patients faking PRANDIN should not
start taking gemfibrozil; patients taking gemfibrozil
should not start taking PRANDIN. Concomitant use
may result in enhanced and prolonged blood

gl lowering effects of linide. Caution
should be used in patients already on PRANDIN and
gemfibrozil - blood glucose levels should
monitored and PRANDIN dose adjustment may be
needed. Rare postmarketing events of serious
hypoglycemia have been reported in patients
taking PRANDIN and gemfibrozil together.
Gemfibrozil and itraconazole had a synergistic
metabolic inhibitory effect on PRANDIN. Therefore,

patients taking PRANDIN and gemfibrozil should not
take itraconazole. See CLINICAL PHARMACOLOGY
section, Drug-Drug interactions.

The hypoglycemic action of oral blood glucose-lowering
agents may be potentiated by cerlain drugs including
nonsteroidal anti-inflammatory agents and other drugs
that are highly protein bound, saficylates, sullonamidas,
chlaramphenicol, coumarins, probenecid, monoamine
oxidase inhibitors, and beta adrenergic blocking agents.
When such drugs are administered to a patient receiving
oral bload giucose-lowering agents, the patient should
be observed dosely for hypoglycerria. When such

drugs are withdrawn from a patient receiving oral blood
glucose-lowering agents, the patient should be observed
closely for loss of glycemic control.

Certain drugs tend to produce hyperglycemia and may
lead to loss of glycemic control. These drugs include

the thiazides and other diuretics, corticosteroids,
phenothiazines, thyroid products, estrugem, oral
contraceptives, phenytoin, nicotinic acid,
sympathomimetics, calcium channe! blacking drugs, and
isoniazid. When these drugs are adininistered to a
patient receiving oral blood glucose-lowering agents, the
patient should be observed for loss of glycemic control.
When these drugs are withdrawn front a patient
receiving oral blood glucose-lowering agents, the patient
should be observed dosely for hypeglycemia.

Carcil and Impairment

Of Fertility -

Long-term carcinogenicity studies weré performed for
104 weeks at doses up to and including 120 méykg bod
weight/day {rats) and 500 ma/kg body weight/day (rice]
or approximately 60 and 125 times chinical expasure,
respectively, on 8 img/m’ basis. No evidence of
carcinogenicity was found in mice or female rats. In male
rats, there was an increased incidence of benign
adenomas of the thyroid and fiver. The relevance of these
findings to humans Is unclear. The no-effect doses for
these observations in male rats were 30 mg/kgobody
welghtzday for thyroid tumors and 60 mg/kg body
weight/day for liver tumars, which are over 15 and 30
times, respectively, dinical exposure on a mg/m? basis.
Repaglinide was non-genatoxic in a battery of in vivo
and in vitro studies: Bacterial mutagenesis {Ames test),
in vitro forward cell mutation assay in V79 cells (HGPRT),
in vitro chromnsomal aberration assay in human
lymphocytes, unscheduled and replicating DNA synthesis
in rat liver, and in vivo mouse and rat micronucleus tests,
Fertility of male and female rals was unaffected by
repailinide administration at doses up ta 80 mg/kg body
weight/day (females) and 300 my/kg body weight/day
{males), over 40 times clinical exposure on a mg/m’ basis.

Pregnancy
Pregnancy category C
Teratogenic Effects: Safaty in pregnant women has not
cen established. Repaglinide was not genic in rats
or rabbits at doses 40 times (rats) and approximately
0.8 times (rabbit) dinical exposure (on a mg/m? basis)
throughout pregnancy. Because animal reproduction
studies are not always predictive of human response,
PRANDIN should be used during pregnancy only if it is
clearly needed.
Because recent information suggests that abnormal
blood r};:ucose levels during pregnancy are associated
with a higher incidence of congenital abriormalities,
many experts recommend that insulin be used during
pregnancy to maintain blood glucose levels as dose to
normal as possible.
Nonteratogenic Effects: Offspring of rat dams exposed
to repaglinide at 15 times dlinical exposure on a mg/m’
basis during days 17 to 22 of gestation and during
lactation déveloped nonteratogenic skeletal deformities
consisting of shortening, thickening, and bending of the
humeriss duting the postnatal period. This effect was not
seen at doses up to 2.5 times clinical exgosure {on a
mg/m’ basis) on days 1 to 22 of pregnancy or at higher
doses given during days 1 to 16 of pregnancy. Relevgnl

one year trials. The adverse event profile of PRAMDIN was
genierally comparable Lo thal for sulfonylurea drugs (SU).

Commonly Reported Adverse Events
(% of Pati nts;"

EVENT PRANDIN  PLACEBO PRANDIN  sSul
N=352 N=108 N=1228 N=498

Flacebo conlrolled studies Active controlled studies

Metabolic

Hypoglycemia 31** 7 16 20
Respiratory

URI 16 8 10 10
Sirusitis 6 2 3 4
Rhinitis 3 3 7 8
Bronchitis 2 1 6 7
Gastrointestinal

Mausea 5 5 3 2
Diarchea 5 2 4 3
Constipation 3 2 2 3
Vomiting 3 3 2 1
Dyspepsia 2 2 4 2
Musculoskeletal

Arthralgia 6 3 3 4
Back Pain 5 4 6 7
Other

Headache 11 10 9 8
Paresthesia 3 3 2 1
Chest pain 3 1 2 i
Urinary tract

infection 2 1 3 3
Tooth disorder 2 0 <1 <1
Allergy 2 0 i <1

hospitalization. f hypoglycemic coma is diagnosed ar
suspected, the palient should be given a rapid
intravenous injection of concentrated (50%) glucose
solution. This should be foliowed by a continious
infusion of more dilute {10%) glucose solution at a rate
that will maintain the blood glucose at a level above
100 mgidl,

DOSAGE AND ADMINISTRATION

There is no fixed dosage regimen for the management of
type 2 diabetes with FRANDIN

The patient's blood glucose should be monitored
periadlically to determine the minimum effective dose for
the patient; 10 detect primary failure, i ., inadequate
lowering of blood glucose at the maximum recommended
dose of medication; and to detect secondary failure, ie.,
loss of an adequate blood glucose-lowering response
after an initial period of effectivenass. Glycosylated
hemoglobin levels are of value in moritoring the patient’s
longer term response 1o therapy. .

Short-lerm administration of PRANDIN may be sufficient
during periods of transient loss of contral in patients
usuall&well controlled on diet.

PRANDIN doses are usually taken within 15 minutes of
the meal but time may vary from immediately preceding
the meal to as long as 30 minutes before the meal.

Starting Dose

For patients not previously treated or whose MDA, i5
< 8%, the starting dose should be 0.5 mg with each
meal. For patients previously treated with blood
glucose-lowering drugs and whose HbA,, is » 8%, the
initial dose is 1 or 2 mg with each meal preprandially
(see previous paragraph).

Dose Adjustment
Dosing adjustments should be determined by blood

** Events 2% for the PRANDIN group in the placebo-
controlled studies and zevents in the placebo group

**: See trial description in CLINICAL PHARMACOLOGY,
Clinical Trials

Cardiovascufar Events

In one-year trials comparing PRANDIN 1o sulfonylurea
drugs, the incidence of angina was comparable (1.8%)
for both treatments, with an incidence of chest pain of
1.8% for PRANDIN and 1.0% for sulfonylureas, The
incidence of other selecled cardiovascular events
(hypertension, abnormal EKG, myocardial infarction,
arthythmias, and palpilations) was < 1% and not
different betwean PRANDIN and the comparator drugs.
The incidence of total sefious cardiovascular adverse
events, including ischemia, was higher for repaglinide
{4%) than for sulfonylurea drugs (39) in contralled
comparalor clinical tisals. in 1-year controlled trials,
PRANDIN treatment was not associated with excess
mortalily when compared 1o Lhe rates observed with
other oral hypoglycemic agent therapiss.

Summary of Serious Cardiovascular Events
{% of total patients with events)
in Trials Comparing PRANDIN to Sulfonylureas

PRANDIN SU*
Total Exposed 1228 438
Serious CV Events 4% 3%
Lardiac Ischemic Events 2% 2%
Deaths due to CV Events 0.5% 0.4%

*: glyburide and glipizide

Seven controlled clinical trials inclurded PRANDIN
combination therapy with NPH-insulin (n=431), insulin
formulations alone {n=388) or other combinations
(sutfonylurea plus NPH-insulies or PRANDIN plus melformin}
{n=120). There were six serious adverse events of
myocardial ischemia in patients treated with PRANDIN
plus NPH-insulin from two studies, and one event in
palidenls using insulin formulations alone from another
study,

Inf Ad

Events (<1% of Patients)

human exposure has not occurred to date and th
the safety of PRANDIN administration throughout
pregnancy or factation cannot be established.

Nursing Mothers

In rat reproduction studies, measurable levels of
repaglinide were detected in the breast milk of the dams
and lowered blood glucose levels were observed in the
pups. Cross fostering studies indicated that skeletal
changes (see Nonteratogenic Effects) could be induced
in control pups nursed by treated dams, although this
occurred 1o a lessar degree than those pups treated in
utero, Although it is not known whether linide i

Less common adverse dinical or laboratory events observed
in dinical trials induded elevated fiver enzymes,
thrombocytapenia, leukopenia, and anaphylactoid
reactions.

Although no causal refationship with repaglinide has
been established, postmarketing experience includes
reports of the following rare adverse events: alopecia,
hemolytic anemia, pancreatitis, Stevens-Johnson
Syndiome, and severe hepatic dysfunction including
jaundice and hepatitis.

S
excreted in human milk some oral agents are kngwn to
be excreted by this route. Because lge potential for
hrpoglycemiu in nrsing infants may exist; and because
of the effects on nursing animals, 4 decision should be
made as Lo whether PRANDIN should be discontinued in
nursing mothers, or if mathers should discontinue
nursing If PRANDIN is discontinued and if dizt alone is
inadequate for controlling blood glucose, insulin therapy
should be considered,

Pediatric Use
No studies have been performed in pediatric patients.

Geriatric Use

In repagfinide dinical studies of 24 weeks or greater
duration, 415 patients were over 65 years of age. In
one-year, active-controlled trials, no differences were
seen in effectivencss or adverse events between these
subjects and those less than 65 other than the expected
age-related increase in cardiovascular evenls observed for
PRANDIN and comparator drugs. There was no increase
in frequency or severity ol hypoglycemia in ofder subjects
Other reported dlinical exparience has niot identifi

Combi Therapy with Thiazolidinediones
Buring 24-week treatment clinical trials of
PRANDIN-1osiglitazone or PRANDIN-pioglitazone
combination therapy (a totat of 250 patients in
combination therapy), hypoglycemia (blood glucose

< 50 mo/dL} occurred in 7% of combination therapy
patients in comparison 1o 7% for PRANDIN
monotherapy, and 2% for thiazolidinedione
monotherapy.

Peripheral edema was reporled in 12 out of 250
PRANDIN-thiazolidinedione combination therapy patients
and 3 aut of 124 thiazolidinedione monotherapy patients,
with no cases reported in these trials for PRANDIN
monotherapy When corrected for dropout rates of the
treatment groups, the percentage of patients haviny
events of peripheral edema per 24 weeks of treatment
were 5% for PRANDIN-thiazolidinedione combination
therapy, and 4% for Lhiazolidinedione monotherapy. There
were reports in 2 of 250 patients (0.8%) treated with
PRANDIN-thiazolidinedione therapy of episodes of edema
with congestive heart failure. Both patients had a prior
history of coronary artery disease and recovered atter

differences in responses between the elderly and younger
patients, but ?realer sensitivity of some older individuals
to FRANDIN therapy cannot be ruled out.

ADVERSE REACTIONS

Hypoglycemia: See PRECAUTIONS and OVERDOSAGE
sections

PRANDIN has been administered to 2931 individuals
during clinical trials. Approximately 1500 of these
individuals with lype 2 diabetes have been lreated lor at
least 3 months, 1800 for at least & months, and 800 for
at least 1 year. The majority of these individuals (1228)
teceived PRANDIN in one of five T-year, active-controlled
trials. The comparator drugs in these 1-year trials were
oral sulfonylurea drugs (SU) including glyburide and
glipizide. Gver one year, 13% ol PRANDIN patients were
discontinued due o adverse events, as were 14% of 5l
patients. The most common adverse events leading to
withdrawal were hyperglycemia, hypoglycemia, and
related symptoms {see PRECAUTIONS} Mild or modarate
hypoglyceinia accurred in 16% of PRANDIN patients,
20% of glyburide patients, and 18% of glipizide
patients.

The table below lists common adverse events for
PRANDIN patients compared to both placebo (in teials 12
to 24 weeks duration) and to giyburide and glipizide in

with diuretic agents. No comparable cases in
the monotherapy treatment groups wefe reported,
Mean change in weight trom baseline was +4.9 kg for
PRANDIN-thiazolidinedione therapy. There were no
patients on PRANDIN-thiz zolidiner)i,one combination
therapy who had elevations of liver transaminases
(defined a5 3 times the upper limit of normal fevels).

OVERDOSAGE

In & clinical Irial, patients received increasing doses of
PRANDIN up to 80 mg a day for 14 days. There were few
adverse effects other than those associated with Lhe
intended effect of lowering blood glutose. Hypaglycemia
did not accur when meals were given with these high
doses. Hypoglycemic symploms withoul loss of
consciousness or neurologic findings should be treated
agaressively with oral glucose and adjustments in drug
dosage and/or meal patterns. Close monitoring may
continue until the physician is assured that the patient is
out of danger. Patients should be closely monitored for a
minirmum of 24 to 48 hours, since hypoglycemia may
recur alter apparent clinical recovery There is no

is di i

glucose response, usually fasting blood glucase.
Postprandial glucose levels testing may be dinical
helpful in patients whose pre-meal blood glucose Yevels
are 5atislacmg but whose overall glycemic control
(HbA,J) is inadequate. The preprand‘ilal dose should be
doubled up to 4 mg with each meal until satisfactory
blood glucase response is achieved. At least one week
should elapse to assess response alter each dose
adjustment.

The recommended dose range is 0.5 mg to 4 mg taken
with meals. PRANDIN may be dosed preprandially 2, 3
or 4 times a day in response to changes in the patient's
mseal pattern. The maximum recommended daily dose is
16mg.

Patient Management

Lony-term efficacy should be monitored by measurement
of HbA, levels approximately every 3 months. Failure to
foltow an appropriate dosage regifiien may precipilate
hygoglycemia or hyperglycemia, Patients who do not
adhere 1o their prescribed dietary and drug regimen are
nore prone to exhibit unsatisfactory response (o therapy
including hypoglycemia. When hypoglycemia occurs in
patients taking a combination of PRANDIN and a
thiazolidinedione or PRANDIN and metformin, the dose
of PRANDIN should be reduced.

Patients Receiving Other Oral Hypoglycemic Agents
When PRANDIN is used to replace therapy with other
oral hypoglycemic agents, FRANDIN may be started on
1he day after the final dose is given, Patients should then
be observed carefully for hypn?llycemia due 1o potentiat
overlapping of drug effects. When transferred from
longer half-life sutfonyl agents {e.g , chiorproparni
Lo repaglinide, close monitoring may be indicated for up
o one week or longer.

Combination Therapy
If PRANDIN manotherapy does not result in adequate
glycemic contiol, metformin or a thiazolidinedione may
added. If in or thiazolidinedione herap:
does riot provide adequate control, PRANDIN imay he
added. The starting dose and dose adjusiments for
PRANDIN combination therapy is the same as for
PRANDIN monotherapy. The dose of each drug should be
caretully adjusted to determine the minimal dose
required 10 achieve the desired pharmacologic aflect
Failure t0 do so could result in an increase in the
incidence of hypoglycemic episodes. Appropriate
monitoring of FPG and HbA,. measurements should be
used to ensure that the patient is not subjected to
excessive drug exposure or increased probability of
secondary drug failure.

HOW SUPPLIED .

PRANDIN {repaglinide) tablets are supplied as unscored,
biconvex tablets available in 0.5 mg {white), 1 mg
tyellow) and 2 mg (peach) strengths. Tablets are
embossed with the Novo Nordisk (Apis) bull symbal and
calored 1o indicate strength

0.5 mg lablets Bottles o 100 NDC  00163-0081-81

{white)  Bottlesof 500 NDC 00169-0081-82
Bolles of 1000 NDC 00169-0081-83

1 mgtablets Botdesof 100 NDL 00169-0082-81
{yellow} Bottlesof 500 NDC 00169-0082-82
Botlles of 1000 NDC  00169-0082-83

2mgtablets Botesof 100 NDC  00169-0084-81
(peach)  Boltles of 500 NDC  00169-0084-82

Bottles of 1000 NDC
Do nol store above 25° C (77°F),
PFrotect from ravisture. Keep bottlas tightly closed,
Dispense in tight containers with safety cinsures,
Licensed Under US Patent Nos. RE 37,035, 5,312,924
and 6,143,769.

00169008483

PRANDIN® is a registered trademark of Novo Nordisk AfS,

Manufactored in Germany for
Movo Nordisk inc.
Priniceton, Nj 08540
1.800-727-6500

www, iisk-s.cam O

evidence that repag lyzable usi d
Severe hypoglycemic reactions with coma, seizure, or
other neurological impairment oceur infiequently, but
constitute medical emergencies requiring immediate

A

Capyright © 200372005
Novo Nordisk A/S
Al rights reserved

Date of fssue: Jung 19, 2066 novo nordisk



CENTER FOR DRUG EVALUATION AND RESEARCH

APPLICATION NUMBER:
NDA 20-741/S-030

Clinical Pharmacology/Biopharmaceutics
Review(s)




'OFFICE OF CLINICAL PHARMACOLOGY REVIEW

NDA:. 20-741 (SLR-030) Submission Date(s): 12/22/05
Brand Name Prandin®
Generic Name Repaglinide
Reviewers Jaya bharathi Vaidyanathan, Ph.D.
Team Leader Hae-Young Ahn, Ph.D.
OCP Division DCP-2
ORM division ' ' Division of Metabolic and Endocrine Products
Sponsor ' Novo Nordisk
- Submission Type; Code Prior Approval Labeling supplement
Formulation; Strength(s) 0.5, 1 and 2 mg tablets
Indication ' . To treat type 2 diabetes
Table of Contents
L Exécutive SUINIMATY ...ttt ettt e ettt eee s e eeneseseeneeeeeeeneeeenens 1
A, RecOmMMENAAtION .......ccoeiriririeeeeie ettt ettt ee e e eenenees 2
B.  Phase IV Commitments....................... et ettt ettt een et s st eeeeeas 2
C.  Summary of CPB Findings.. .........cceueureetnircnneneniniaieeere ettt 2
II. QBR ... ettt e ettt te et e e et e e re e st es s eaentesannrnnan 3
A, General AtIDULES. ....c.coeeieiiieiieceie et eeeeennnearnans 3
B. ° General Clinical Pharmacology................. oo eee et eeaee——raeaeneenaanas eeevre——. 3
C.  Intrinsic Factors.......ccccecevevcrencnnnennne et s et e sen e eas 3
D.  EXNSIC FACIOTS ...c.coiiiiiiiicer ettt ettt 4
E. General Blopharmaceutlcs...'. ...... U OO 7
Fo ADAIYHCAL..... ettt ae erereeeeneeas 7
HI. Labeling Comments ...................cc.oorvimeerimeieeeineeeeeeeeeeseeeeenes eeeeeeaanreeereeeenieeseeesns 8
IV. Appendix........... eteeeeneeeee e e naans et et e e et e et e et s e nr e e ennes 10
A Proposed 071 OO et ee st e e nan e e ns 10
L Executive. Summary

Novo Nordisk has submitted a pnor-approval labeling supplement to the NDA 20-741 for
Prandin (repaglinide). Repaglinide is approved for the treatment of type 2 diabetes. The
changes in the label are based on the sponsor’s two in vitro studies in human hepatocytes
as well as recent publications of studies conducted in healthy volunteers by independent



investigators. The changes in the label are to address the influence of rifampin and
trimethoprim on repaglinide’s pharmacokinetic profile when concomitantly administered.
Additionally sponsor has included information on the involvement of CYP2C8 in the
metabolism of repaglinide.

A Recommendation
The Office of Clinical Pharmacology and Biopharmaceutics/Division of Pharmaceutical
Evaluation 2 (OCPB/DCPB-2) has reviewed NDA 20-741 SLR-030 submitted on 22

December 2005 and finds it acceptable. Recommendations about labeling comments on
page 8 should be sent to sponsor as appropnate '

B Phase IV Commitments

Not applicable.

C Summary of CPB Findings

The proposed biotransformation pathway for repaglinide is depicted in Figure 1.

Figure 1: Chemical structure of repaglinide and its proposed metabolic pathway in

humans.
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The two in vitro studies. reviewed here were performed by the sponsor in order to
characterize the metabolism of repaglinide.

In vitro metabolism of repaglinide in human liver microsomes:

The metabolites formed in human liver microsomes did not correlate to that observed in
vivo. The principal CYP450 enzyme involved in the metabolism of repaglinide was
identified as CYP3A4. This was based on correlation with CYP3A4 activity in the liver
micorosomes as well as inhibition by ketoconazole (23-89% inhibition). CYP2C9 was
also shown to contribute to the metabolism of repaglinide to some extent. -

- Effect of clarithromycin, troleandomycin and ketoconazole on the in vitro metabolism of
repaglinide:
The metabolites formed in human hepatocytes correlated to that observed in vivo.
Therefore human hepatocytes were found to be a better predictive tool for repaglinide
metabolism as compared to human liver microsomes. The effect of the different
inhibitors of CYP3A4 including clarithromycin (100 pM), troleandomycin (100 uM) and
ketoconalzoe (1 uM) on the total metabolism of repaglinide was limited. The effect was
mainly on one of the metabolite M2. Incubations with ketoconazole (100 uM) almost
totally inhibited the metabolism of repaglinide, indicating that CYP2CS8 is the most
important CYP isoform for the metabolism of repaglinide.

II QBR

A General Attributes

Not applicable.

B General Clinical Pharmacology

Not applicable.

C - Intrinsic Factors -

Not applicable.



D  Extrinsic Factors

Drug-drug interactions:

Which CYP450 enzymes ﬁl‘e.involved in the metabolism of repaglinide in humans?
The metabolism of repaglinide was determined in the following two studies.

Study 960144: In vitro studies using human liver microsomes were conducted to identify
the principal CYP450 enzyme isoforms involved in the metabolism of repaglinide.
Repaglinide was metabolized into a number of metabolites in vitro of which the four
major ones were termed HLM-1, HLM-2, HLM-3 and HLM-4. None of these
metabolites corresponded to the previously reported in vivo metabolites of repaglinide
(The retention times were different than that of the repaglinide metabolites M1, M2, M5,
M6 or M12 which have been isolated from a previous human study). Therefore it is likely
that the in vitro formed metabolites could not be isolated from in vivo since they may be
too unstable and possibly undergo further biotransformation to M2 and MI1. Also
literature report indicates that these in vitro metabolites cannot be transformed into in
vivo human metabolites M5, M6 and M12.

The formation of all the metabolites was linear up to substrate concentration of 22 UM,
and therefore it was not possible to define enzyme kinetic parameters such as Km and
Vmax since this did not exhibit Michaelis-Menten kinetics in this concentration range.

Figure 2: Formation of microsomal metabolites as a function of repaglinide
concentration (mean + SD)
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The correlation coefficient rates were highest when comparing the metabolite formation
rates with total CYP450 enzyme activity as well .as with CYP2A6, CYP2C9 and

. CYP3 A4 activities.



Inhibitors were also tested for interaction with the formation of HLM metabolites in
human liver microsomes. Ketoconazole (CYP3A4 inhibitor) exhibited significant
" inhibition at the concentration tested when used with low repaglinide concentration.
There was no inhibition in liver microsomes with low CYP3A activity. HLM-4 formation
was most markedly inhibited. At high repaglinide concentration, ketoconazole inhibited
- significantly the formation of HLM- 4 (> 89% inhibition). There was limited inhibition of
metabolite formation by sulfaphenazole (CYP2C9 inhibitor), inhibiting only against
- HLM-4 formation at high repaglinide concentration while there was no 1nh1b1t10n by
quinidine (CYP2D6 inhibitor).

Metabolism was also conducted using single CYP450 enzymes expressed in human
lymphoblastoid cell line. Only HLM-1 and HLM-2 were formed in'CYP1A2 expressing
membranes: Two alleles of CYP2C9 were tested and both alleles metabolized
repaglinide, with CYP2C9Val forming only HLM-1 and CYP2C9Arg formed both HLM-
1 and HLM-2. CYP3A4 formed all metabolites except HLM-1. Formation rates were
much higher for this isoform than the others with HLM-2 formation being about 7 fold
higher than that observed with CYP2C9Arg.

Comments:

e Metabolites formed in this study did not correlate to repaghmde metabolites
formed in vivo.

e Two concentrations of repaglinide were used in this study: 0.55 pM, a
concentration close to plasma concentration in humans following a dose of 4 mg
t.i.d. and a higher concentration 22 UM, a concentration supposedly to represent
the maximal in vivo concentration in the liver assuming high plasma to liver
partition in humans. : _

e Inhibitors wused in the study included; furafylline (CYP1A2),
diethyldithiocarbamate (CYP2A6 and CYP2E1), sulfaphenazole (CYP2C9), S-
mephenytoin (CYP2C19), quinidine (CYP2D6) and ketoconazole (CYP3A4).

* Repaglinide standard curve was calculated using the concentration range of 0. 11-
22 pM.

e Repaglinide and associated metabolites were identified using a reversed phase
HPLC and on line radiochemical detection.

e Based on this study mainly CYP3A4 and possibly CYP2C9 (to a very small
extent) are involved in the metabohsm of repaghmde

Study 202275: This study was conducted in order to determine the mechanism behind the
increases in plasma concentration of repaglinide when dosed concomitantly with
clarithromycin (CYP3A4 inhibitor). Previous in vitro study had suggested the
involvement of CYP3A4 in the metabolism of repaglinide, however ketoconazole had
limited effect on the metabolism in vivo (Hartorp V et al, Br J Clin Pharmacol, 2003).
Human hepatocytes from 3 donors were chosen as the in vitro system to investigate the
metabolism of repaghmde (5 uM). In addition to clarlthromycm two other CYP3A4
1nh1b1t0rs were used ketoconazole and troleandomycm



Repaglinide was extensively metabolized to several metabolites with 4 major metabolites
in hepatocytes from 3 different donors representing high, medium and low CYP3A4
activity. Unlike the previous study, the observed metabolites were similar to that seen in
vivo. Following 1 h incubation of repaglinide (without inhibitor), 81%, 68% and 78% of
repaglinide was metabolized to 8-10 metabolites in the three donors respectively.
Troleadomycin and ketoconazole (low concentration) were only able to inhibit the
formation of 1-2 metabolites. With clarithromycin, there was about 2-10 % decrease in
repaglinide metabolism in the 3 hepatocyte preparations. High ketoconazole
concentrations almost blocked the metabolism of repaglinide indicating involvement of

CYP2C8 (Figure 3).

Figure 3: Inhibition of repaglinide metabolism in the hepatocytes from 3 donors
using different inhibitors:

TAO = troleandomyein
CLARI = clarithronyycin
KETOQ = ketoconazole
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Comments:

Clanthromycm and troleandomycin were pre-incubated for 30 mm at 100 puM to
allow for CYP3A4-complex formation before addition of C! -repaghmde and
incubation for 1 h. The inhibition of CYP3A4 activity was documented by
separate incubations with testosterone as substrate. Ketoconazole was tested at 1,
10 and 100 pM, with the lowest concentration corresponding to CYP3A4
inhibition and higher concentrations corresponding to CYP2CS inhibition.
Overall, relatively small inhibitory effect of clarithromycin and other CYP3A4
inhibitors on repaglinide metabolism was observed in human hepatocytes. In
contrast, Niemi M et-al (Clin. Pharmacol. Ther., 2001) observed a 167% increase
in Cmax and 140% increase in AUC of repaglinide (0.25 mg) following co-
administration with clarithromycin in healthy volunteers. Also in other study in
human volunteers, ketoconazole increased repaglinide (2 mg) Cmax and AUC by
105% and 115% respectively. The 0.25 mg used in one of the studies is sub-
therapeutic dose; while the ketoconazole study used dose in the therapeutic range.
Inhibition of metabolism at higher concentration of ketoconazole indicates that
CYP2CS8 is also an important CYP isoform in the metabolism of repaglinide.

E General Biopharmaceutics
Not applicable.
F Analytical

C'"-Repaglinide and its metabolite formed in incubations with human liver microsomes
were analyzed by reversed-phase HPLC and detected using on-line radiochemical
detector. [:I_onspray liquid chromatography mass spectrometry:'(LC—MS/MS)' was
performed to confirm the chemical structures of metabolites formed in human liver
mlcrosomes



The repaglinide and its metabolites formed in human hepatocytes were analyzed by
HPLC and detected using both UV detection at & dum and online radioachemical
detection. Major metabolites were identified by LC/MS/MS and MS/MS analysis on a
ion-trap mass spectrometer equipped with an electrospray interface.

III  Labeling Comments

The proposed changes to the Clinical Pharmacology section as well as precaution
sections and the recommendations are as follows:

(Strikethrough-text is recommended to be deleted and underlined text is recommended
to be added.) :

SECTIONS- Proposed : Recommended

subsections
CLINICAL ‘Repaglinide is completely | Proposed change is acceptable.

PHARMACOLOGY | metabolized by oxidative

— Pharmacokinetics, | biotransformation and direct
Metabolism conjugation with glucuronic acid
after either an IV or oral dose. The
major metabolites are an oxidized
dicarboxylic acid (M2), the
aromatic amir_lé (M1}), and the acyl-
glucuronide (M7). The cytochrome
P-450 eniyme system, specifically
2C8 and 3A4, have been shown to
be involved in the N-dealkylation of
repaglinide to M2 and the further
oxidation to M1. Metabolites do not
contribute to the glucose-lowering
effect of repaglinide.




| dose on the third day of

trimethoprim 160 mg) resulted in a
61%and 41% increase in’
repaglinide AUC and C,,
respectively. The increase in AUC
was from 5.9 ng/ml *hr to 9.6
‘ng/mL *hr and the increase in C,,,
was from 4.7 ng/mL to 6.6 ng/ml..

CLINICAL Rifampin: Co-administration of 600 | Rifampin: Co-administration of 600
PHARMACOLOGY | mg rifampin and a single dose of 4 | mg rifampin and a single dose of 4
— Drug-Drug mg PRANDIN (after 6 days of once | mg PRANDIN (after 6 days of once
- Interactions, daily rifampin 600 mg) resulted in a | daily rifampin 600 mg) resulted in a
Rifampin 32% and 26% decrease in 32% and 26% decrease in
repaglinide AUC and Cpy, repaglinide ~ AUC and  Cpoax,
respectively. The decreases were respectively. The decreases were
from 40.4 ng/mL to 29.7 ng/mL for | from 40.4 ng/mL to 29.7 ng/mL for
Coax and from 56.8 ng/mL*hr to Cumax and from 56.8 ng/mI *hr to 38.7
38.7 ng/mL*hr for AUC. ng/mL*hr for AUC.
- T In another study, co-administration
j of 600 mg rifampin and a single dose
of 4 mg PRANDIN (after 6 days of
once daily rifampin 600 mg) resulted
[in_a 48% and 17% decrease in
repaglinide median° AUC and
median _C,,, respectively. The
.median decreases were from 54
ng/ml*hr to 28 ng/ml*hr for AUC
and from 35 ng/ml to 29 ng/mL for
Cuax:  PRANDIN. administered by
itself (after 7 days of once daily
rifampin 60Q-mg) resulted in an 80%
;and 79% decrease in repaglinide
median AUC and C,,, respectively.
The decreases were from 54
, ng/mL*br to 11 ng/ml*hr for AUC
- and from 35ng/mL to 7.5 ng/mL for
L 9 | Con
CLINICAL Trimethoprim: Co-administration | Proposed change is acceptable. -
PHARMACOLOGY | of 160 mg trimethoprim and a
— Drug-Drug single dose of 0.25 mg PRANDIN
Interactions, {after 2 days of twice daily and one




PRECAUTIONS — | In vitro data indicate that " | Proposed change is acceptable.

Drug-Drug PRANDIN is metabolized by .

Interactions. cytochrome P450 enzymes 2C8 and

‘ 3A4. Consequently, repaglinide

metabolism may be-altered by drugs
which influence these cytochrome
P450 enzyme systems via induction
and inhibition. Caution should
therefore be used in patients who
are on PRANDIN and taking
inhibitors and/or inducers of
CYP2C8 and CYP3A4. The effect
may be very significant if both
enzymes are inhibited at the same
time resulting in a substantial
increase in repaglinide plasma
concentrations. Drugs that are
known to inhibit CYP3A4 include
antifungal agents like ketoconazole,
itraconazole, and antibacterial
agents like erythromycin. Drugs
that are known to inhibit CYP2C8
include agents like trimethoprim,
gemfibrozil and montelukast. Drugs
that induce the CYP3A4 and/or 2C8
enzyme systems include rifampin,
barbiturates, and carbamezapine.
See CLINICAL

. PHARMACOLOGY section,
Drug-Drug Interactions.

IV Proposed Label

PRANDIN® o
(repaglinide) Tablets (0.5, 1, and 2 mg)
Rx only

DESCRIPTION .

PRANDIN® (repaglinide) is an oral blood glucose-lowering drug of the meglitinide class used in

the management of type 2 diabetes mellitus (also known as non-insulin dependent diabetes

mellitus or NIDDM). Repaglinide, S(+)2-ethoxy-4(2((3-methyl-1-(2-(1-piperidinyl) phenyl)-butyi)
_ amino)-2-oxoethyl) benzoic acid, is chemically unrelated to the oral sulfonylurea insulin

secretagogues.

The structural formula is as shown below:

10
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Division of Metabolism and Endocrinology Products (DMEP)

REGULATORY PROJECT MANAGER REVIEW

Application Number: NDA 20-741/5-030
Name of Drug: Prandin (repaglinide) Tablets
Applicant: Novo Nordisk, Inc.

Material Reviewed:

Submission Date Receipt Date Document Type

June 14, 2006 “ June 15, 2006 Revised Proposed Package
Insert (PI)

May 12, 2006 May 15,2006 Revised Proposed PI

December 22, 2005 December 23, 2005 Proposed PI

Referenced Material:

Clinical pharmacology review by Jaya Vaidyanathan, Ph.D., dated May 9, 2006 (OCPB)

Office of Drug Safety (ODS) Postmarketing Safety Review by Joslyn Swann, R.Ph., dated
October 25, 2005 , '

Background and Summary

Prandin (repaglinide) Tablet is currently approved as adjunct to diet and exercise to lower the
blood glucose in patients with type 2 diabetes mellitus whose hyperglycemia cannot be controlled
by diet and exercise alone. 'Prandin is also indicated for combination therapy in patients whose
hyperglycemia cannot be controlled by diet and exercise plus monotherapy with any following

~ agents: metformin, sulfonylureas, or thiazolidinediones. Prandin is NOT indicated for use with
insulin (please refer to the reviews for S-022). '

On December 22, 2005, Novo Nordisk submitted a “Prior Approval” supplement to revise the
package insert. Proposed additions include additional information in the CLINICAL
PHARMACOLOGY Section, Pharmacokinetics and Drug-Drug Interactions subsections,
and the PRECAUTIONS Section, Drug-Drug Interactions subsections based on data from two
in vitro studies, one with trimethoprim and a second with rifampin:



g

1. NN Study # 960144: In vitro metabolism of repaglinide (G <— _ = and
2. NN Study #202275: In vitro investigations of the effect of clarithromycin,
troleandomycin and ketoconazole on the metabolism of repaglinide.

- On March 15, 2006, DMEP issued a supplement request letter for the addition of the following

postmarketing adverse events to be included in the ADVERSE REACTIONS section in the
labeling: jaundice and C .~__ > hepatitis. This request was based on a recommendation from

~ the Office of Drug Safety following their review, dated October 25, 2005, of postmarketing

adverse events. Novo Nordisk agreed to this request and decided to submit a revised proposed
package insert to S-030 instead of a new labeling supplement.

Upon further discussion, additional revisions were made to the label. The final agreed upon
package insert was submitted on June 14, 2006.

Review

The revised proposed PI, submitted on June 14, 2006, was compared to the currently approved

~ PL approved with S-022 on February 10, 2005. The following revisions have been made,

additions underlined and deletions noted by strikethreugh:

CLINICAL PHARMACOLOGY

Pharmacokinetics
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'

Conclusions

An approval letter should be draﬂed for this supplement. Since labeling will be approved on
draft, sponsor will also be asked to submit FPL in the approval letter.

I



Reviewed by:

Lina AlJuburi, Pharm.D., M.S.
Regulatory Project Manager

Supervisory Concurrence:

“Kati Johhson, R.Ph.
Chief, Project Management Staff

Drafted: LA/06.13.06

Initialed: KJ/06.16.06

Finalized: LA/06.16.06

Filename: S_030_PM_LBLreview
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‘{c DEPARTMENT OF HEALTH & HUMAN SERVICES : Public Health Service

Food and Drug Administration
Rockville, MD 20857

NDA 20-741/8-030 ’ PRIOR APPROVAL SUPPLEMENT

Novo Nordisk Inc.

Attention: Mary Ann McElligott, Ph.D.
Associate Vice President Regulatory Affairs
100 College Road West

Princeton, NJ 08540

Dear Dr. McElligott:

We have received your supplemental new drug application submitted under section 505(b) of the
Federal Food, Drug, and Cosmetic Act for the following:

Name of Drug Product: Prandin (repaglinide) Tablets
NDA Number: '20-741

Supplement number: 030

Date of supplement: December 22, 2005

Date of receipt:  December 23, 2005

This supplemental application proposes changes to the Prandin Package Insert in the CLINICAL
PHARMACOLOGY Section, Pharmacokinetics and Drug-Drug Interactions subsections, and the -
PRECAUTIONS Section, Drug-Drug Interactions subsections.

We have filed this application on February 21, 2000, in accordance with 21 CFR 3 14.101(a). The user
fee goal date is June 23, 2006. : .

Please cite the application number listed above at the top of the first page of al submissions to this
application. Send all submissions, electronic or paper, including those sent by overnight mail or
courier, to the following address:

Food and Drug Administration

Center for Drug Evaluation and Research.

Division of Metabolism and Endocrinology Products
5901-B Ammendale Road

Beltsville, MD 20705-1266



NDA 20-741/S-030
Page 2

If you have any question, please call me at (301) 796-1168.

Sincerely,

{See appended electronic signature page}

Lina AlJuburi, Pharm.D., M.S.

Regulatory Project Manager

Division of Metabolism and Endocrinology Products
Office of Drug Evaluation II

Center for Drug Evaluation and Research
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